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Rejected Deviations for CS-ETSO 

Introductory note 
The hereby presented deviations have been rejected by the Agency for an ETSO 
authorisation. The deviations requests were applied for by Industry and were submitted to 
a public consultation in accordance with EASA Management Board Decision n° 7-2004 as 
amended by EASA Management Board Decision No 12-20071 for products certification 
procedure dated 30 March 2004, Article 3 (2.). To ease tracking the deviations are 
presented in the order of the ETSO number without taking the CS-ETSO index into 
account.  

Rejected Deviations 

No Deviation ETSO-A.2.3#1  – Electronic Hardware 
Deviate from CS-ETSO Subpart A 2.3 and use an ASIC being designed before 
EUROCAE ED-80/RTCA DO-254 had been published without having the necessary 
documentation of the design process available but having positive in service experience. 

Published in ETSO.DevP.72 from 06. February 2012 to 28. February 2012. 

No comments were received. 

No Deviation ETSO-C30c#2 – Aircraft Position Lights  
Deviate from SAE AS 8037 (or AS 8037A) 4.2.7 and allow the use other test categories 
than A for the Explosion Proofness test in accordance with section 9 of EUROCAE ED-
14( )/RTCA DO-160( ). 

Published in ETSO.DevP.73 from 23. January 2012 to 15. February 2012. 

No comments were received. 

No Deviation ETSO-C57a#5 – Headsets and Speakers 
Deviate from RTCA DO 214 Section 2.3.8.4, 2.6.2.8 and reduce the force for the cord-
connector pull-out tests at the headset side from 5.0 kg to 1.0 kg for in-ear equipment. 

This test is not applicable for the cord – headset interface. 

Published in ETSO.DevP.27 from 19.12.2008 to 23. January 2009. 

No comments were received. 

ETSO-C52b#1 – Flight directors 
Deviate from ETSO-C52B §3.1.1 which is based on SAE AS8008 (Flight Director 
Equipment) which requires in its §3.5 (a) the continuous display of selected heading (If 
applicable). The proposed Equivalent Level of Safety for SAE AS8008 §3.5 (a) 
requirement was based on the human factor logic of the installation for pre-selected 
heading and selected heading in the various heading modes. 

                                                 
1 Cf. EASA Web: http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-
2007%20amending%20the%20certification%20procedure.pdf 
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The assessment of this specific human factor implementation can only be performed at 
the installation level and cannot be assessed in isolation at the ETSO level. This deviation 
would consist in not implementing completely a requirement and compensating it by filling 
a deviation with a limitation to a specific installation such as “for installation on XXX only”. 
The acceptability of the limitation could only be determined by the assessment of the 
cockpit installation. 

Published in ETSO.DevP.66 from 30.08.2011 to 20.09.2011. 

No comments were received. 

ETSO-C57a#8 – Headsets and Speakers 
Deviate from RTCA DO-214 2.3.2.1 and measure the Distortion criteria using an input 
signal of 10 mW (RMS) generating a sound pressure level of at least 110 dB (re: 20 µPa) 
instead of measuring the Distortion with a sound pressure level of 110 dB (re: 20 µPa) 

Published in ETSO.DevP.52 from 16.8.2010 to 6.9.2010. 

CRD document: CRD DevP52. 

ETSO-C78 – Crewmember demand oxygen masks  
Several deviations were submitted to EASA. Refer to deviations #1, #2 and #3 in 
ETSO.DevP.01. These deviations could not be accepted because the other submitted 
deviations #5 and #6 for ETSO-C89 could not be accepted. See below for details. 

Published in ETSO.DevP.01 from 31.01.2007 to 01.03.2007 initially, than extended to 
02.4.2007. 

CRD document: CRD DevP01. 

ETSO-C89 – Oxygen regulators demand 
Several deviations were submitted to EASA. Refer to deviations #4, #5 and #6 in 
ETSO.DevP.01. 

It was concluded that deviations #5 and #6 to ETSO-C89 were not specific to one product 
but were related to a rule change. The conclusion was that compensating factors or 
design features were not provided to allow granting these deviations (as per 21A.610) and 
that the applicant should approach EASA to initiate an ETSO change. This should close 
the deviation request process on this product. 

Published in ETSO.DevP.01 from 31.01.2007 to 01.03.2007 initially, than extended to 
02.4.2007. 

CRD document: CRD DevP01. 

ETSO-C96a - Anticollision Light Systems 
A deviation from SAE AS 8017A or AS 8017B section 3.2.2 was required in order to omit 
the provision of an effective light intensity of 20 Candelas or more at angles of 30° to 75° 
above or below the horizontal plane for Class II (Fixed Wing Aircraft) Anticollision Lights. 
There are aircraft in service having a certification basis before FAR 25-41 e.g. the Boeing 
Model 747-200B not meeting the current position light requirements but looking for 
replacement of the position light source by using modern LED technology instead of a 
rotary beacon. On aircraft level, the corresponding 14CFR § 21.101 (b) allows to use the 
earlier amendment of the airworthiness code in case the change is not significant and the 
replacement of the Anticollision Light is considered a non significant change using the 
criteria of 21A.101 including the corresponding guidance material.  

21A.101 (a) requires as a first principle to use the airworthiness code applicable at the 
date of application to design the change. The special provisions of 21A.101 (b) may not 
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be used to substantiate an equal level of safety. It would be possible to modify the lens as 
well to meet the current requirements. The equipment could be certified to ETSO-C96a 
Class I or Class III not having a light distribution requirement above/below 30° and higher 
light intensities than required by that standards but requested by FAR 25.1401 Amdt. 25-
27 could be demonstrated. Consequently, the requested deviation for Class II unit was 
rejected.  

Published in ETSO.DevP.68 from 27.10.2011 to 20.11.2011. 

No comments were received. 

ETSO-2C104a – MLS Airborne Receiving Equipment 
This deviation was rejected because the ETSO application was withdrawn since there 
were other deviations that could not be processed as part of the ETSO process. These 
deviations had to be assessed at the installation level. 

Published in ETSO.DevP.15 from 27.07.2007 to 27.08.2007. 

CRD document: CRD DevP15. 

ETSO-2C112b#4 AIR TRAFFIC CONTROL RADAR BEACON SYST EM/MODE SELECT 
(ATCRBS/MODE S) AIRBORNE EQUIPMENT 
EUROCAE ED-73B 3.21.2.6 c No means are provided to disable acquisition squitters 
when extended squitters are being emitted. The requirement is considered optional. 

Published in ETSO.DevP.43 from 20.11.2009 to 11.12.2009. 

No comments received. 

ETSO–C129a (Airborne Supplemental Navigation System  using GPS) and CS-ETSO-
2C104a (MLS receiver) 
These deviations were rejected because the ETSO application was withdrawn since some 
of these deviations plus other ones that were announced but not yet published could not 
be processed as part of the ETSO process. These deviations had to be assessed at the 
installation level. 

Published in ETSO.DevP.16 from 29.08.2007 to 24.09.2007. 

CRD document: CRD DevP16. 

ETSO-C145c (Airborne Navigation Sensors Using the Global Positioning System 
Augmented by the Satellite Based Augmentation System) and ETSO-C146c (Stand 
alone airborne navigation equipment using the Global Positioning System augmented 
by the satellite based augmentation system) 

Deviate from RTCA DO-229D §2.1.1.3.3 “SBAS Satellite Pseudorange Determination” by 
not computing pseudoranges to SBAS satellites and by proposing operational limitations. 
This deviation is rejected since the proposed equivalent level of safety does not guarantee 
minimum continuity and availability performance at all places and all times and it negates 
international global interoperability of SBAS. 

Published in ETSO.DevP.80 from to 13.07.2012 to 24.08.2012 

CRD document: CRD.DevP.80.. 
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ETSO-2C514#2 Airborne Systems for Non Required Tele communication Services 
(In Non Aeronautical Frequency Bands) (ASNRT) 

Deviate from ETSO-2C514, Appendix 1, Chapter 4 and do not require the Electrostatic 
Discharge testing in accordance with EUROCAE ED-14E/RTCA DO-160E Section 25. 

The equipment in question does have controls to be operated in the cockpit environment. 
Consequently the described test is needed to fully demonstrate CS XX.1301, XX.1309 
aspects. Aim of the ETSO is to demonstrate that the intended function can be kept under 
the operating and environmental conditions. For units having control elements it has to be 
anticipated that the pilot is touching the unit when operating the controls. The intent of the 
test is to demonstrate that potential arcing, which may occur based on static discharging, 
is not impairing the equipment or its functionality. 

Published in ETSO.DevP.40 from 30.07.2009 to 21.08.2009. 

CRD document CRD.DevP40. 

 

 

Revision History 
Rev. 0:  issued 28.11.2007 covers the rejection of deviations published in 

ETSO.DevP.01, ETSO.DevP.15 and ETSO.DevP.16. 

Rev. 1: issued 17.12.2009 covers ETSO.DevP.27, ETSO.DevP.40, ETSO.DevP.43. 

Rev. 2: issued 21.11.2011 covers ETSO.DevP.52, ETSO.DevP.66, ETSO.DevP.68 and 
includes the amendment of EASA Management Board decision n° 7-2004. 

Rev. 3:  issued 13.04.2012 covers ETSO.Dev.P72, ETSO.Dev.P73. 

Rev. 4 issued 06.09.2012 covers ETSO.Dev.P80 
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EASA CS-ETSO Deviation Consultation ETSO.DevP.80 
COMMENT RESPONSE DOCUMENT ETSO.CRD.DevP.80 published 13.07.2012 


[consultation period closing on 24/08/2012] 


ETSO-C145C#2 & 
ETSO-C146C#1 


The CAA/UK indicated having no comments regarding Deviation 
request #80. 


CAA/UK 24.08.2012 The reply is noted. 


ETSO-C145C#2 & 
ETSO-C146C#1 


- ESSP confirmed that EGNOS does not currently provide GEO 
ranging. ESSP clarifies that MT9 and MT17 shall be decoded even 
when GEO ranging functionality is not enabled: this is performed by the 
GPS SBAS/LPV receiver. 
- ESSP indicates that there are plans for studying GEO ranging option 
in the scope of EGNOS improvements. 
- ESSP confirms that continuity and availability performance of the GPS 
SBAS/LPV receiver would be negatively impacted by this deviation 
whenever GEO ranging is used in SBAS provision. 
- If GEO ranging was used by EGNOS, it would not only be used to 
improve RAIM/FDE availability at receiver level but, also, to publish the 
EGNOS service commitment area on which the LPV procedures are 
based. LPV procedures would be mostly negatively impacted by this 
deviation in border areas of commitment for SBAS service or with the 
minimum committed constellation for GPS (24 SVs). 
- ESSP explains why the tracking of more GPS satellites than requested 
by the MOPS might not compensate for GEO ranging in border areas of 
commitment or with the minimal committed GPS constellation. These 
defeats the industry claim on the efficiency of the higher tracking 
capability of the GPS SBAS/LPV receiver in all locations at all times. 
- ESSP highlights that the predicted performance at destination airport 
as computed by the GPS SBAS/LPV receiver will be pessimistic. It 
could be contradictory with the availability anticipated by ATC. The GPS 
SBAS/LPV receiver might not be able to operate in the declared SBAS 
service commitment. 
- ESSP points out the differences between the declared Service area, 
the NOTAM service, the publication of performances, the declaration of 
contingency situations and the situation which will be encountered when 
using this GPS SBAS/LPV receiver. Restrictions in 
installation/operational manual cannot fully compensate such 
discrepancy which cannot be properly managed among the various 
stakeholders (pilots, ATC, SBAS Service Provider, AIS). 
 
The detailed comments can be found in attached ESSP document 
(ESSP-MEMO-7419, Version 01-00) 


ESSP 13.08.2012 Comments are accepted. 
The substantiation from ESSP is 
much appreciated.  
EASA understands that this 
deviation would have no impact on 
EGNOS usage as long as GEO 
ranging is not used. 
However, limitations/restrictions 
cannot compensate for all aspects 
of the SBAS service. The 
enhanced tracking capability of the 
SBAS/LPV receiver does not 
balance the lack of processing of 
GEO ranging in all places at all 
times. The usage of GEO ranging 
is not excluded in the scope of 
EGNOS enhancements. 
For all the above reasons, EASA 
concludes that the deviation does 
not provide an equivalent level of 
safety to all the objectives of SBAS 
provision (including for EGNOS). 


ETSO-C145C#2 & 
ETSO-C146C#1 


- The FAA stresses that the operational capability of WAAS is predicted 
upon the assumption that receivers will use GEO ranging. A GPS 
SBAS/LPV receiver with this deviation will not meet the required SBAS 
operational capability in the U.S. airspace. 


FAA 19/07/2012 Comments are accepted. 
The substantiation from the FAA is 
much appreciated. 
The FAA is the WAAS service 
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EASA CS-ETSO Deviation Consultation ETSO.DevP.80 
COMMENT RESPONSE DOCUMENT ETSO.CRD.DevP.80 published 13.07.2012 


[consultation period closing on 24/08/2012] 


- This deviation makes the GPS SBAS/LPV receiver not internationally 
interoperable. 
- The FAA substantiates that the proposed mitigations do not provide an 
equivalent level of safety: 


- WAAS performance information cannot be used to predict LPV 
availability at a particular airport; 
- The stated GPS SBAS/LPV receiver prediction capability does 
not cover all flight phases. The MOPS (RTCA/DO-229D 
§2.1.5.13) option for prediction capability is intended for crew 
awareness; 
- The proposed operational limitations and alternative navigation 
means are not adequate to protect the aircraft in a minimum 
guaranteed GPS constellation.  


The FAA recommends rejecting the deviation. 


The detailed comments can be found in attached FAA Memorandum 
dated July the 17


th
 2012. 


provider as well as an 
airworthiness authority. 
EASA accepts FAA substantiation 
that the deviation does not provide 
an equivalent level of safety. EASA 
consents that this deviation 
negates international 
interoperability. EASA 
acknowledges that a receiver with 
this deviation cannot be approved 
for SBAS operations in the U.S. 
Note: SBAS operations in the US 
(e.g. LPV and LP) can be found on 
Navigation Programs - Satellite 
Navigation (FAA Web site). 


ETSO-C145C#2 & 
ETSO-C146C#1 


The proposed installation/operational manual restrictions “for IFR 
navigation and LPV operations with a SBAS using GEO ranging (such 
as with WAAS” were commented as being clear and necessary. The 
additional restrictions on the ETSO authorisation deserved clarification 
and rewording. 


Garmin 03/08/2012 The comment is accepted. If the 
deviation was accepted, 
clarification of the additional 
restriction would be proposed. 


ETSO-C145C#2 & 
ETSO-C146C#1 


The commenter stated agreement, in general, with EASA’s 
interpretation of the RTCA/DO-229D requirements. Such a deviation 
request does not apply to any of Universal TSO-C146c certified 
systems. Universal did not intend to provide any further comment on the 
deviation. 


Universal 
Avionics 
Systems Corp. 


20/07/2012 The reply is noted. 


Final consolidation:  
For all the above reasons: 


 The deviation is not acceptable for using the WAAS in the U.S. 


 The deviation is not acceptable for using EGNOS in Europe. The limitations/restrictions cannot compensate for all aspects of the SBAS service and introduce 
confusion among the stakeholders (pilots, ATC, SBAS Service Provider, AIS). Minimum continuity and availability performance is not guaranteed at all places 
and all times, especially with the minimum committed GPS constellation or in border areas of commitment for SBAS service. 


 The deviation negates international interoperability. 


The deviation is rejected. The product will have to be amended in order to suppress this deviation prior to submitting the data for an ETSO authorisation. 



http://www.faa.gov/about/office_org/headquarters_offices/ato/service_units/techops/navservices/gnss/approaches/index.cfm

http://www.faa.gov/about/office_org/headquarters_offices/ato/service_units/techops/navservices/gnss/approaches/index.cfm
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1 INTRODUCTION 



This memo provides the ESSP response to EASA public consultation on deviation request #80 for an ETSO 



approval for CS-ETSO applicable to Airborne Navigation Sensors Using the Global Positioning System 



Augmented by the Satellite Based Augmentation System (CS-ETSO C145C) & Stand alone airborne 



navigation equipment using the Global Positioning System augmented by the satellite based augmentation 



system (CS-ETSO C146C). 



 



In summary, the consultation consist of a deviation of a GPS SBAS/LPV receiver from RTCA DO-229D 



requirements, due to the no computation of the pseudoranges to SBAS satellites by the receiver and 



therefore, SBAS GEO pseudoranges are not used in the GPS SBAS/LPV receiver position computation.  



 



2 EASA CONSULTATION TO ESSP 



The following invitation to provide comments was received by ESSP from EASA on 13-July-2012, as part 



of the public consultation of deviation request #80: 



“ 



EASA has published for external consultation the following deviation for an SBAS/LPV receiver here: 



http://easa.europa.eu/certification/current-consultations.php 
Deviation request #80 for an ETSO-C145c applicable Airborne Navigation Sensors Using the Global Positioning 
System Augmented by the Satellite Based Augmentation System 
Deviation request #80 
Comments are invited and should be sent by mail or electronic mail (preferred means), before 24th August 2012, to: 



Catherine Gandolfi 
EASA Project Certification Manager 
Tel.: +49 221 89990 4083 
Fax: +49 221 89990 4583 
Email: ETSOA@easa.europa.eu 



 



Once approved, ETSO deviations are published here: 



http://easa.europa.eu/certification/docs/etso-authorisations/ETSO.Dev.pdf 



If rejected, deviations are published here: 



http://easa.europa.eu/certification/docs/etso-authorisations/ETSO.DevRej.pdf 



 



Approved ETSO deviations can be used by any manufacturer in the same context without subsequent 



publication. They have to be submitted as part of the ETSO certification process and declared. 



 



You can submit comments to: etsoa@easa.europa.eu. Should you want the commenting period to be 



extended, please send us a comment. 



“ 





http://easa.europa.eu/certification/current-consultations.php


http://easa.europa.eu/certification/docs/deviation/ETSO.DevP.80.pdf


mailto:ETSOA@easa.europa.eu


http://easa.europa.eu/certification/docs/etso-authorisations/ETSO.Dev.pdf


http://easa.europa.eu/certification/docs/etso-authorisations/ETSO.DevRej.pdf


mailto:etsoa@easa.europa.eu
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3 ESSP COMMENTS 



Page 5. Use of MT9 and MT17 when GEO ranging is not activated: 



As stated by EASA in page 5, the European Geostationary Navigation Overlay Service (EGNOS) does not 



currently provide GEO ranging. Therefore, a GPS SBAS/LPV receiver will show no performance difference 



when the receiver is not processing GEO ranging with EGNOS. The same apply for other SBAS that could 



not provide GEO ranging. 



However, it is stated that “If the GEO ranging functionality was enabled in the future, the EGNOS receiver 



would also be required to process MT9 and MT17 messages ...”.  



ESSP thinks that MT9 and MT17 shall be decoded even GEO ranging functionality is not enabled to 



help to commit to other RTCA requirements such as GEO acquisition time and cross-correlation check. 



It is understood that the request for deviation only deals with the computation of the pseudoranges to SBAS 



satellites and not with the correct decoding of MT9 and MT17, independently whether the SBAS system has 



GEO ranging activated or not. 



 



Page 5. EGNOS plans for GEO ranging: 



It is stated by EASA in page 5 that “…EASA is not aware about future EGNOS plans of EGNOS concerning 



the ranging function”. According to the current information about EGNOS evolutions that ESSP has, GEO 



ranging is an evolution option for EGNOS. There are plans for studying this option and for assessing the 



feasibility to include it in some of the future EGNOS evolutions.  



Considering the life-time of avionic receivers and that approved ETSO deviations can be used by any 



manufacturer in the same context without subsequent publication, the assessment of the deviation request 



#80 should be done considering that EGNOS GEO ranging could be active. 



In principle, this seems to be taken into account by EASA since the assessment is done considering WAAS, 



in which GEO ranging is already active. 



 



Page 3 and 6. Continuity and availability performance. Service commitment area: 



ESSP is in line with the analysis done by EASA about continuity and availability impact, that concludes in 



page 6 with the sentence “For all the above reasons, EASA concludes that continuity and availability 



performance of a GPS SBAS/LPV receiver not implementing GEO ranging is negatively impacted in 



time/location as declared and monitored by the SBAS service provider for any SBAS service using GEO 



ranging.”. 



In the same way than WAAS, if EGNOS activates GEO ranging it will be assumed that the avionics 



incorporates the GEO ranging signal not only to improve RAIM/FDE availability at receiver level but also, 



to publish the EGNOS service commitment area towards the users that will be the based for ANSPs for 



publication of LPV procedures. 



This is especially important in border areas of the commitment where the number of monitored GPS 



satellites by the SBAS system decrease or in cases of reduction of GPS SV constellation. Today, there are 30 



SVs in GPS constellation, but only 24 are committed by USA DoD (Department of Defense) in the baseline 



of GPS SPS Performance Standard-2008. 











 



MEMO 
ESSP RESPONSE TO EASA CONSULTATION ON 



DEVIATIONS REQUEST#80 



Ref: ESSP-MEMO-7419 
Version : 01-00 
Date: 25.07.2012 
Page 3/3 



 



 



3/3 



This document is the property of ESSP SAS. All information included is confidential and may not be distributed without prior formal approval 



ESSP-MEMO-6809_01-00 



 



In page 3, industry states that “Availability and continuity performances over the CONUS (WAAS zone 1) 



are usually better with the GPS SBAS/LPV receiver (tracking of up to 10 GPS satellites) than with a receiver 



configuration, which complies with the minimum MOPS requirements (tracking of up to 8 satellites, 



including 2 GEOs).”.  However, this is not sure for the specific situations mentioned in the previous 



paragraph (border areas or 24 GPS SVs constellation) in which the number of monitored GPS satellites by 



the SBAS system can decrease below 8 GPS monitored SVs, situations in which GEO ranging function 



would be key for ensuring the performances (continuous provision of 2 pseudorange measurements from 



SBAS GEO). If relevant, a specific study could be set up to provide detail technical assessment on this 



aspect. 



 



Page 3. Prediction capability. 



In page 3 it is stated by industry that “... the GPS SBAS/LPV receiver has the capability to compute the 



predicted performance at destination airport and estimated time of arrival ... “. Since this prediction 



algorithm is not taking into account the availability of SBAS pseudoranges, it will have a pessimistic 



approach compared with the real availability of the SBAS service when GEO ranging is provided. Moreover, 



the information can be contradictory with the information that ATC has about the availability of the SBAS 



service, coming from the NOTAM service provided by the SBAS Service Provider, which prediction 



algorithm will take into account that GEO ranging is active. 



This could be relevant in the two special conditions mentioned previously (border areas or 24 GPS SVs 



constellation). For those special conditions, it could be the case that the Service Provider declares a SBAS 



Service in areas where the GPS SBAS/LPV receiver can never use EGNOS (specially in border areas of the 



commitment). 



 



4 CONCLUSIONS 



As per above comments and analysis of the request of deviation and information provided by EASA, it is 



concluded that the declared deviation of the GPS SBAS/LPV receiver, as understood as described in the 



introduction of this document, will not have any impact in EGNOS Service for the user as long as GEO 



ranging is not activated. 



However, as soon as GEO ranging is activated in EGNOS or for other SBAS systems with GEO ranging 



activated, the main constraint is found in how the availability and continuity of the SBAS service provided 



by this GPS SBAS/LPV receiver would be impacted, especially in the border areas of the commitment 



and/or situations where the number of monitored GPS satellites by the SBAS system is below eight and the 



SBAS pseudoranges would provide an increase of the performances. 



Even with the restrictions that the installation/operational manual would contain, it is unclear how some 



aspects related to the performances would be managed by the different stakeholders (pilots, ATC, Service 



Provider, AIS) taking into account the differences between the performances monitored by the Service 



Providers and the performance obtained with the GPS SBAS/LPV receiver. These aspects are mainly related 



to the declared Service area, the NOTAM service, the publication of performances including the public real 



time information available for users and the declaration of contingency situations with specific area affected. 



It is unclear how the users, pilots and Service Providers will manage the differences in those aspects. 








			of GPS SPS Performance Standard2008: 


			It is unclear how the users pilots and Service Providers will manage the differences in those aspects: 


			Text1: 
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Navigation Programs - Satellite Navigation



GNSS - GPS/WAAS Approaches 



The availability of WAAS-capable approach procedures is a significant enabler of WAAS benefits. 
This page provides information on the status of WAAS procedure development.



On August 23, 2012, two new Wide Area Augmentation System (WAAS) Localizer Performance 
with Vertical guidance (LPV) approach procedures were published. This brings the total number of 
LPVs to 2,941.



Currently, there are also 348 Localizer Performance (LP) approach procedures. 



(WAAS LPVs are also being published in Canada. For more information on Canadian WAAS LPVs, 
please select this link.) 



To find out if there is a WAAS-enabled approach at an airport where you fly, please see the links in 
the page below. 



 



See complete list of all published LPVs.



See complete list of all published LPs.



Select the date below to see the latest LPV procedures published: 
August 23, 2012 



 



LPV Procedure Locations for the Continental U.S. and Alaska - as of 
February 9, 2012 



(Click images for bigger pictures)
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 Procedures 
(Part 139 
Airports)



Procedures 
(Non-Part 139 



Airports)



Total Number of 
Procedures



 LNAV Procedures 1768 3739 5507



 LNAV/VNAV  Procedures 1285 1538 2825



 LPV Procedures 1280 1661 2941



LPVs w/ 200' HAT   684



 LP Procedures 47 301 348



 GPS Stand-Alone  Procedures 19 193 212



WAAS-Capable Approach Procedures 
(by Procedure Type/Airport Type)



 Part 139 Airports 
Served 



Non-Part 139 
Airports Served



Total Airports* 
(with WAAS-



capable 
Procedures - 



WAAS-Capable Airports 
(by Procedure Type/Airport Type) 



 



LP Procedure Locations for the Continental U.S. (updated May 2012) 
and Alaska (updated February 2012) 



(Click images for bigger pictures)



See LPVs by publication date 



Update effective: August 23, 2012  
Note: Number of GPS Stand-Alone Will Continue to Decrease As They Are Replaced By RNAV 
Procedures. 
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GPS, LNAV, 
LNAV/VNAV, 
and/or LPV)



 LNAV Procedures 537 1994 2531



 LNAV/VNAV Procedures 462 924 1386



 LPV Procedures 480 1002 1482



 LP Procedures 37 215 252



 GPS Standalone  Approaches 15 147 162



Update effective: August 23, 2012 
Note: Number of GPS Stand-Alone Will Continue to Decrease As They Are Replaced By RNAV 
Procedures 



 



GPS  
LNAV  
LNAV/VNAV  
LP  
LPV  
RNP  
ALL  
 
Update effective: August 23, 2012 



Publication Dates for New Procedures 



New procedures are published for use in the National Airspace System (NAS) every 56 days
through the Terminal Procedures Publication (TPP) process. However, procedures can also be 
published during the interim months through the Operations Change Notice (OCN) process. 
Corresponding dates for 2012 are:



January 12, 2012 (CN)
February 9, 2012 (TPP)
March 8, 2012 (CN)
April 5, 2012 (TPP)
May 3, 2012 (CN)
May 31, 2012 (TPP)
June 28, 2012 (CN)
July 26, 2012 (TPP)
August 23, 2012 (CN)
September 20, 2012 (TPP)
October 18, 2012 (CN)
November 15, 2012 (TPP)
December 13, 2012 (CN)



Data on this page, including the attached spreadsheets, is derived from National Aeronautical
Charting Office (NACO) Flight Information Publications. Data is for informational purposes only and 
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should NOT be used as official information in any capacity related to flight operations. For official 
information, please consult the current Flight Information Publications.



Link to FAA’s Instrument Flight Procedures (IFP) Production Plan web page. This page 
contains information on projected IFP production by region or fiscal year.



Page Last Modified: 08/24/12 15:14 ET
This page can be viewed online at: 
http://www.faa.gov/about/office_org/headquarters_offices/ato/service_units/techops/navservices/gnss
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From: @garmin.com>
Sent: 03 August 2012 15:50
To:
Cc:
Subject: RE: EASA consultation on SBAS receiver deviation from DO-229D



Dear ,



Thank you for bringing this TSO deviation request to our attention.



Our interpretation is that the proposed deviation is based on the GPS/SBAS receiver not supporting GEO 
ranging regardless of whether the SBAS service provider supports GEO ranging with its satellites.  i.e., 
because DO-229 has a minimum requirement to support GEO ranging, the GPS/SBAS receiver needs a 
deviation; further, because WAAS supports GEO ranging and its LPV service availability assumptions are 
based on the expectation that equipment will use GEO ranging, the GPS/SBAS receiver needs to have a 
limitation.



If this interpretation is correct, then we believe the following installation/operational manual restrictions 
(page 7/7) are appropriate:



For IFR navigation and LPV operations with a SBAS using GEO ranging (such as with WAAS):



* The aircraft using the GPS SBAS/LPV receiver for IFR operations must be equipped with 
an approved and operational means of navigation and approach;
* The destination or alternate airport must have an approved instrument approach 
procedure other than LPV that is anticipated to be operational and available at the 
estimated time of arrival. All equipment required for this procedure must be installed and 
operational.



However, we would point out that similar restrictions may be required for LNAV/VNAV operations if SBAS, 
rather than baro altitude, is the source for vertical deviations during LNAV/VNAV operations in the 
installation that the receiver supports.



Additionally, while we believe the installation/operational manual restrictions are sufficiently clear, we 
believe the following ETSO limitation language (page 6/7):



The GPS SBAS/LPV receiver does not process GEO ranging.  This GPS SBAS/LPV receiver can 
only be used as sole mean of navigation and approach with EGNOS until such time as GEO 
ranging is enabled (Ranging ON).  For other usage, see restrictions in installation/operational 
manual. 



isn’t as obvious as to the intent of the limitation as the additional installation/operational manual 
restrictions.  The reference to the additional restrictions in the installation/operational manual is probably 
sufficient but EASA could consider making the ETSO limitation more clear.



Best regards,
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From:  <@UASC.com>
Sent: 20 July 2012 20:40
To:
Cc:
Subject: RE: EASA consultation on SBAS receiver deviation from DO-229D



From:  
Sent: Friday, July 20, 2012 11:38 AM 
To: 
Cc: 
Subject: RE: EASA consultation on SBAS receiver deviation from DO-229D



XX,



I read through the deviation request and the EASA assessment.  In general, I agree with the EASA 
interpretation of the DO-229D requirements related to the use of GEO satellites for ranging.  Since this 
deviation request does not apply to our TSO-C146c certified systems I do not intend to provide any 
further comments on the deviation request or the EASA assessment.



XX
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From: Requirements <Requirements@caa.co.uk>
Sent: 24 August 2012 13:20
To: ETSOA
Subject: Deviation request #80 for an ETSO-C145c 



Dear Ms Gandolfi



Please note that the CAA has no comments regarding Deviation request #80 for an ETSO-C145c 
applicable Airborne Navigation Sensors Using the Global Positioning System Augmented by the Satellite 
Based Augmentation System.



Regards



XX
Airworthiness, Strategy and Policy
**********************************************************************
Before Printing consider the environment.
 
This e-mail and any attachment(s) are for authorised use by the intended recipient(s) only. It may contain proprietary material, 
confidential information and/or be subject to legal privilege. If you are not an intended recipient then please promptly delete this 
e-
mail, as well as any associated attachment(s) and inform the sender. It should not be copied, disclosed to, retained or used by, any 
other party.  
Thank you.
 
Please note that all e-mail messages sent to the Civil Aviation Authority are subject to monitoring / interception for lawful 
business
**********************************************************************
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ETSO.CRD.DevP01 
27/11/2007 


COMMENT RESPONSE DOCUMENT ETSO.CRD.DevP01 


Deviations Requests for an ETSO 
 


Deviations Requests for an ETSO authorisation for ETSO-C78 (Crewmember demand oxygen masks) & ETSO-C89 (Oxygen regulators demand) 


1/5 


 
 


EASA CS-ETSO Deviation Consultation ETSO.DevP.01 


[initial consultation period closed 01/02/2007 extended to 02/04/2007] 
 


DEVIATION 
COMMENTED COMMENT / PROPOSAL 


AUTHOR OF 
THE 
COMMENT 


DATE OF 
COMMENT 


 
PCM RESPONSE 
 


Deviations #1 - #4 This equipment has been in use for many years, essentially unchanged 
and first obtained similar deviations from the FAA against the TSO C89 
in 1973.  Rather than persisting with deviations, it would be far better to 
revise the ETSO/TSO to reflect what has become inter-alia an accepted 
design standard. 


CAA UK 28.02.2007 For 2007 rulemaking programme, 
ETSO.001 Task focuses on the 
validation of existing national 
equipment. For 2008, there is a 
proposed task related to the 
systematic review of FAA TSOs 
and standardisation bodies 
activities (e.g. EUROCAE, SAE). 
We hand in the comment to our 
Rulemaking Directorate for further 
consideration. 


Deviations #1 - #4 In the justifications for these deviations it is stated that the applicant 
"claims" that the deviation was accepted by FAA.  To facilitate approval 
in Europe, it would have been much better if the application had been 
supported by documentary evidence of FAA acceptance, rather than by 
a mere "claim". 


CAA UK 28.02.2007 Intertechnique provided evidence 
of previous approval for: 
• Deviations #1, #2, #3 and #4  
LODA GE/vk/12/04/Intertechnique, 
04/12/1998 ; 
• Deviations were accepted in 
1973 with a limitation at 40,000 
feet  FAA LODA MCB/11/26 
dated 26/11/1973 


Deviation #5 In the justification for this deviation it is stated that the SAE A-10 
committee was "exposed" to the Annex 1 study.  This statement falls 
short of saying that the committee endorsed the findings.  If the study is 
to be used as support for the deviation request then there should be 
confirmation of this committee's approval, or that of an equivalent 
technical institution.  In addition, if this endorsement is valid then there 
should be some commitment to revise the TSO/ETSO so that these 
deviations do not need to be perpetuated for another thirty-five years. 


CAA UK 28.02.2007 Pr Henri Marotte’s study has been 
reviewed by peers on several 
instances since its publications in 
May 2006. No contradiction with 
the underlying principles has been 
raised by physiologists so far. This 
document, among others, has 
been proposed as a basis for 



http://www.easa.europa.eu/doc/Agency_Mesures/Agency_Decisions/ED Decision 2006-07-R 2007 RMP Attachment.pdf#page=7
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EASA CS-ETSO Deviation Consultation ETSO.DevP.01 
COMMENT RESPONSE DOCUMENT ETSO.CRD.DevP01 


Deviations Requests for an ETSO authorisation for ETSO-C78 (Crewmember demand oxygen masks) & ETSO-C89 (Oxygen regulators demand) 
[initial consultation period closed 01/02/2007 extended to 02/04/2007] 


 


DEVIATION 
COMMENTED COMMENT / PROPOSAL 


AUTHOR OF 
THE 
COMMENT 


DATE OF 
COMMENT 


 
PCM RESPONSE 
 


fundamental physiological 
requirements in order to support an 
aerospace performance standard 
(AS document) for Cockpit Crew 
Equipment for use from 35,000 ft 
to 45,000 ft cabin altitude. It is 
expected that such a proceeding 
will probably take at least one year. 
Therefore, EASA tried to get SAE 
A-10 and FAA comments before 
the final SAE A10 Committee 
publication. See additional 
information below.  


Deviation #5 EASA had initiated coordination with the FAA on all deviations before 
the formal submittal. The FAA indicated that SAE-10 had comments but 
that more days were needed to complete the review and consolidate the 
comments. The review period was subsequently extended up to 
02.04.2006. The FAA was contacted again on 24.04.2007. The FAA 
indicated that a SAE A-10 meeting was scheduled for May the 10th and 
11th. EASA waited for this meeting and requested the meeting minutes. 


FAA 22.11.2006 
11.01.2007 
16.01.2007 
25.04.2007 
11.05.2007 
06.06.2007 
17.08.2007 


A teleconference was organised 
with the FAA (17/01/2007). The 
FAA did not send official 
comments but advised to consult 
the SAE working group. The 
commenting period was extended 
by 1 month on 01/03/2007. It was 
than decided to wait the meeting 
minutes of SAE-10 (10th and 11th 
May 2007). In any case, SAE 
meeting minutes would not be 
usable without prior authorisation. 
There were several models 
proposed for the further update of 
the SAE standard, with the model 
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Deviations Requests for an ETSO authorisation for ETSO-C78 (Crewmember demand oxygen masks) & ETSO-C89 (Oxygen regulators demand) 
[initial consultation period closed 01/02/2007 extended to 02/04/2007] 


 


DEVIATION 
COMMENTED COMMENT / PROPOSAL 


AUTHOR OF 
THE 
COMMENT 


DATE OF 
COMMENT 


 
PCM RESPONSE 
 


from Pr Marotte being one of those 
models.  
If the deviations could be granted, 
EASA was envisaging including 
limitations on the approval 
(assumptions of the model) in 
order to limit the applicability to the 
context of the assumptions and not 
to make a precedent on the overall 
acceptance of the model in all 
conditions. In the mean time, the 
FAA informally commented as 
accepting deviations #1 to #4 but 
not #5 and #6. The background 
was that there was not enough 
information to find those deviations 
acceptable at that time, and that it 
was necessary to await industry 
consensus on those deviations 
through the A-10 committee, and 
revision of the TSO-C89 breathing 
schedules reflecting this 
consensus. 
Indeed, the issue was not only to 
assess whether the proposed 
modification was technically 
acceptable but also whether it 
complied with the intent of the 
granting of deviations to CS-
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EASA CS-ETSO Deviation Consultation ETSO.DevP.01 
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Deviations Requests for an ETSO authorisation for ETSO-C78 (Crewmember demand oxygen masks) & ETSO-C89 (Oxygen regulators demand) 
[initial consultation period closed 01/02/2007 extended to 02/04/2007] 


 


DEVIATION 
COMMENTED COMMENT / PROPOSAL 


AUTHOR OF 
THE 
COMMENT 


DATE OF 
COMMENT 


 
PCM RESPONSE 
 


ETSOs.  
Therefore, EASA sought another 
expert opinion. The objective was 
to review the assessment made by 
Pr Marotte to support the deviation 
requested by the applicant. 
During the peer review, no 
technical objection was raised. 
Several good recommendations 
were made to improve safety, the 
main one being that operational 
rule should force the Flight Crew to 
preventively wear oxygen mask 
when flying above a certain altitude 
(35 000 ft). It was determined that 
the deviations #5 and #6 were not 
specific to one product but were 
related to a rule change. The 
conclusion of the meeting was that 
compensating factors or design 
features were not provided to allow 
granting a deviation (as per 
21A.610) and that the applicant 
should approach EASA to initiate 
an ETSO change. This should 
close the deviation request 
process on this product. 


Deviation #6 The supporting argument for this deviation claims that the maximum CAA UK 28.02.2007 The value of 12 in the proposed 
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Deviations Requests for an ETSO authorisation for ETSO-C78 (Crewmember demand oxygen masks) & ETSO-C89 (Oxygen regulators demand) 
[initial consultation period closed 01/02/2007 extended to 02/04/2007] 


 


DEVIATION 
COMMENTED COMMENT / PROPOSAL 


AUTHOR OF 
THE 
COMMENT 


DATE OF 
COMMENT 


 
PCM RESPONSE 
 


pressure breathing schedule used by the applicant is higher than the 
ETSO/TSO one.  This is deemed to be beneficial to the crew tracheal 
oxygen partial pressure.  However, the maximum positive pressure (per 
TSO C89) given for 45,000 ft in the Table under Paragraph (6) of the 
consultation is incorrectly quoted as 12.0.  The requirement at 45,000 ft, 
as given in Paragraph 4.3(a) of the ETSO/TSO is actually 12.0 ± 1.0, 
that is a minimum of 11.0 and a maximum of 13.0.  Thus at the critical 
altitude of 45,000 ft the maximum pressure breathing schedule is NOT 
higher than the ETSO/TSO one, as claimed in the justification.  At a 
value of 12, It is actually below the ETSO/TSO value of 13.  Therefore, 
the written justification is based upon a false premise.  Given this EASA 
must look carefully again at the claim that equivalent safety is shown. 


deviation description is in error. 
The UK CAA is absolutely right. 
Intertechnique intends to be at the 
same level of breathing pressure 
as the value in the TSO for 45,000 
ft: 13 inches of water. That means 
that all the 12 inches of water 
values in the proposed deviation 
have to be replaced by 13.  
When it is explained that the 
proposed maximum pressure 
breathing schedule is higher than 
the TSO one (13 inches of water), 
it is strictly true for all the altitude 
below 45,000 ft (at 45,000 ft the 
proposed value is the same, that is 
13 inches of water). That’s why this 
justification had been written. This 
justification remains applicable for 
a value of 13. EASA concurs with 
CAA UK comment regarding the 
equivalent safety. This is why 
EASA extended the comment 
period and sought feedback from 
FAA and SAE-10. 


Conclusion Deviations cannot be accepted. The applicant has to fill a request for an ETSO change. 
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Deviations Requests for an ETSO authorisation for ETSO-2C104a (MLS Airborne Receiving Equipment) 
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EASA CS-ETSO Deviation Consultation ETSO.DevP.15 


[consultation period closed 27/08/2007] 
 


DEVIATION 
COMMENTED COMMENT / PROPOSAL 


AUTHOR OF 
THE 
COMMENT 


DATE OF 
COMMENT 


 
PCM RESPONSE 
 


Deviation #1 No comment UK CAA 20.09.2007 There was no objection in 
principle. However, there were 
other deviations to this ETSO-
2C104a and to other CS-ETSO 
that were applicable to the unit. 
See below. 


Other Deviations 
published in 
ETSO.Dev.P16 and 
other ones never 
published 


The unit had other deviations towards ETSO-2C104a and deviations to 
other CS-ETSOs. These deviations were circulated internally at EASA. 
For this unit, the rationales, at operational or safety level, for most of the 
deviations versus the applicable MOPS could not be completely 
substantiated without assumptions on the aircraft architecture, 
installation and signal in space environment. Moreover, some deviations 
could only be compensated by specific operational limitations which 
would have had to be tailored to a given installation. Consequently, it 
was concluded that the ETSO process was not appropriate and that the 
certification would be better processed via an installation approval. The 
applicant was advised to cancel the ETSO application 


EASA 2007 Deviation was not accepted and 
the ETSO application was 
withdrawn. Also refer to CRD 
DevP16. 
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Deviations Requests for an ETSO authorisation for ETSO-2C104a (MLS Airborne Receiving Equipment) & ETSO–C129a (Airborne Supplemental Navigation System using 
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[consultation period closed 24/09/2007] 
 


DEVIATION 
COMMENTED COMMENT / PROPOSAL 


AUTHOR OF 
THE 
COMMENT 


DATE OF 
COMMENT 


 
PCM RESPONSE 
 


All deviations No comment UK CAA 20.09.2007 There was no objection in 
principle. However, there were 
other deviations to this ETSO-
2C104a and to other CS-ETSO 
that were applicable to the unit. 
See below. 


Other Deviations 
published in 
ETSO.Dev.P16 and 
other ones never 
published 


The unit had other deviations towards ETSO-2C104a and deviations to 
other CS-ETSOs. These deviations were circulated internally at EASA. 
For this unit, the rationales, at operational or safety level, for most of the 
deviations versus the applicable MOPS could not be completely 
substantiated without assumptions on the aircraft architecture, 
installation and signal in space environment. Moreover, some deviations 
could only be compensated by specific operational limitations which 
would have had to be tailored to a given installation. Consequently, it 
was concluded that the ETSO process was not appropriate and that the 
certification would be better processed via an installation approval. The 
applicant was advised to cancel the ETSO application 


EASA 2007 Deviation was not accepted and 
the ETSO application was 
withdrawn. Also refer to CRD 
DevP15. 
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COMMENT 
DATE OF 
COMMENT 
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ETSO-2C514#1 
ETSO-2C514#2 


No Comments CAA UK 18.08.2009 Noted 


ETSO-2C514#1 There is no specific concern with the use of DO-160D 
instead of DO-160E, but the justification provided by 
the industry is based only on the comparison between 
both versions. If the differences are so small, why  not 
using DO-160E? If “in all cases there are possibilities 
to select categories allowing to show compliance 
without doing much retesting.”, there should be no 
need for a deviation … 
 


EASA internal 05.08.2009 Partially Accepted. 
Clarification is added to the EASA response that we 
recommend using the newest version of the 
environmental standard, which may be a ‘positive’ 
deviation to the requirement. On the other hand 
industry may be in the situation that the hardware 
has not been changed or only very little changes 
have been implemented since the original design 
which formally would need qualification retesting to 
meet the newer requirements. For some sections 
and categories a simple comparison between the 
testing is possible but for other sections additional 
testing is necessary to cover the requirements which 
may not be needed during later installation. To 
clarify differences and options extracts from the new 
draft FAA AC 21-16F have been added to the 
response including a comparison matrix showing the 
evolution of the standard for easier tracking.  
Formally for each deviation to the requirement – in 
this case the use of DO-160E – a deviation is 
necessary. For the update of CS-ETSO it is planned 
to allow industry more flexibility when selecting the 
environmental standard. This is a harmonised 
position with the FAA. 


ETSO-2C514#2 In Section 25 of DO-160D and E it is not stated that 
the section is applicable “mainly to connector pins”, 
but states that it is “applicable for all equipment and 
surfaces which are accessible during normal 


EASA internal 05.08.2009 Accepted 
Instead of accepting the deviation it will be rejected. 
The answer will provide proper argumentation why 
the test is required for equipment having controls in 
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operation and/or maintenance of the aircraft”. So it 
applies to any equipment that the crew can touch. 
 Moreover, § 25.7 defines the test points: “any point in 
the control or keyboard area and any other point of 
human contact, such as switches, knobs, buttons, 
indicators, LEDs, slots, grilles, connector shells and 
other operator accessible areas. “  
I do not know much “connector, which is intended to 
be disconnected / connected during flight as part of 
the operation”. If we apply such an argument, no 
equipment would need to pass this test. So if the 
equipment is installed in the flight deck, I see no good 
reason to accept this deviation. 


the cockpit.  


 








ETSO.CRD.DevP43 to ETSO.DevP43 15.12.2009 1/1 
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DEVIATION 
COMMENTED COMMENT / PROPOSAL 
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THE 
COMMENT 


DATE OF 
COMMENT 


 
PCM RESPONSE 
 


 ETSO-C166a#4 The ‘limitation’ proposed by EASA is acceptable, however its 
detail within the Installation Manual should be supplemented by a 
statement in an ‘approved’ document such as the DDP and/or the 
certificate. 
 
Justification: The limitation should be visible within an EASA 
approved or issued document. 


CAA UK 4.12.2009 Accepted. 21A.608 requests to 
record deviations and the rated 
performance in the DDP. 
Deviations and Limitations are 
identified on the ETSO 
authorisation. The wording in the 
final publication will be adopted 
accordingly. 
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ETSO-C57a#7  
short description 


Comment:: 115dB (90+25 dB) is very loud 
 
Justification: The CAA suggests that EASA should consult with a 
clinical audiologist to determine, given a worst case, or plausible 
abnormal case scenario, if there is sufficient protection from “acoustic 
shock” and that the proposals are compliant with UK noise at work 
regulations. 


http://www.hse.gov.uk/noise/acoustic.htm 
 


CAA UK 3.9.2010 Accepted. The deviation is more 
about the effectiveness of the 
device than to specify the 
maximum sound level which may 
be produced. For current design 
105 +/- 3 dBSPL @ 1mW, 1 kHz is 
used. We will grant the deviation to 
that level and request further 
substantiation in case higher 
values will be requested. 
We will limit the value to 90+18 dB 
in the list of accepted deviations.  


ETSO-C57a#8 
EASA response 


Comment: UK CAA supports EASA’s concern in relation to the danger 
of high sound pressure levels. UK CAA believes that in all cases where 
upper limits of sound pressure levels are being considered, the 
operational scenarios should be explained to a clinical audiologist who 
may comment on the health and legal aspects of the proposals.  


CAA UK 3.9.2010 Noted: The main point in respect to 
the specific test scenario is to have 
comparable conditions for the 
distortion measurements. 


ETSO-C58a#6 Comment: The lower operating voltage should also be specified in the 
Declaration of Design and Performance (DDP)  
 
Justification: To provide the installers/owners with the appropriate 
limitations.  
 


CAA UK 3.9.2010 Noted: 21A.608 already requires 
listing all deviations and the rated 
performance in the DDP. 
Consequently we have not 
reminded the applicant to his 
obligations. 
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Approved Deviations for CS-ETSO 


Introductory note 
The hereby presented deviations have been accepted by the Agency on Industry request 
following a public consultation in accordance with EASA Management Board Decision n° 
7-20041 products certification procedure dated 30 March 2004, Article 3 (2.). To ease 
tracking the deviations are presented in the order of the ETSO number without taking the 
CS-ETSO index into account.  


The deviations are always linked to a specific revision of the respective ETSO as 
identified in the deviation number; e.g. ETSO-C2d#1 is linked to ETSO-C2d. If the ETSO - 
and in most cases as well the referenced Minimum Operational Performance Standard 
(MOPS) is revised - the applicability of the deviation needs to be re-assessed. For 
tracking of approved deviations the deviations superseded by new requirements remain in 
the document, as they are still valid for the old ETSO authorisations granted and still may 
be needed to assess aircraft installations. Only in case of references to CS-ETSO 
Subpart A notes will be added, indicating that the deviation may be outdated. This will not 
be performed for deviations linked to already outdated ETSOs. 


Deviations 


CS-ETSO Subpart A 2.1#1 


Use of EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/DO-160D change 3. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


Note: Deviation is superseded through amendment CS-ETSO/6 effective 21/12/2010 
modifying CS-ETSO Subpart A 2.1. 


CS-ETSO Subpart A 2.1#2 


Use of EUROCAE ED-14F/RTCA DO-160F instead of ED-14D/DO-160D change 3. 


Published in ETSO.DevP.26 from 30.10.2008 to 21.11.2008. 


No comment received. 


Note: Deviation is superseded through amendment CS-ETSO/6 effective 21/12/2010 
modifying CS-ETSO Subpart A 2.1. 


ETSO-C2d#1 – Airspeed Instruments  


Deviate from ETSO-C2d 3.1.1 to use SAE AS 8019A instead of SAE AS 8019 as the 
Minimum Performance Standard.   


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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ETSO-C2d#2 – Airspeed Instruments 


Deviate from ETSO-C2d to eliminate the requirement 3.2.3 in SAE AS 8019A that 
requires "the instrument face to be marked with 'Airspeed' or 'IAS' and also with the 
applicable units of measure."   


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C2d#3 – Airspeed Instruments 


Deviate from ETSO-C2d to modify the requirement 3.2.5 in SAE AS 8019A that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular."  The viewing envelope is defined (per ETSO-
C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 
degrees in the up vertical direction, and 10 degrees in the down vertical direction. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C2d#4 – Airspeed Instruments 


Deviate from SAE AS8019A § 3.2.1 and allow 10 knot graduations with speed labelling 
every 20 knots and no minor graduations. In addition, a digital display is provided. This 
proposal is in line with the recommended symbol 18 of SAE/ARP4102-7 App. A. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C2d#5 – Airspeed Instruments 


The SAE AS 8019A 3.2.6 requirement for range marking on the nameplate shall not apply 
for EFIS displays.  


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C3d#1 – Turn and Slip Instruments 


Deviate from ETSO-C3d to modify the requirement 3.7 in SAE AS 8004 that requires "The 
indicating means to be visible from all points on a surface defined as making an angle of 
30 degrees with the perpendicular." The viewing envelope is defined (per ETSO-C113 and 
SAE AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 degrees in the 
up vertical direction, and 10 degrees in the down vertical direction. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C4c#1 – Bank and Pitch Instruments 


Deviate from ETSO-C4c 3.1.1 to use SAE AS 8001 instead of SAE AS 396B for Minimum 
Performance Standards and Environmental Standards. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C4c#2 – Bank and Pitch Instruments 


Deviate from ETSO-C4c 3.1.2 and SAE Aerospace Standard AS 8001 to use RTCA DO-
160D instead of RTCA DO-138 as the standard for Environmental Conditions and Test 
Procedures for Airborne Equipment.   
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Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C4c#2a – Bank and Pitch Instruments 


Deviate from ETSO-C4c 3.1.2 and use RTCA DO-160D instead of SAE AS 396B  as the 
standard for Environmental Conditions and Test Procedures for Airborne Equipment.   


In analogy to ETSO-C4c#2 but without the use of deviation ETSO-C4c#1. 


ETSO-C4c#2b – Bank and Pitch Instruments 


Deviate from ETSO-C4c 3.1.2 and use RTCA DO-160F instead of SAE AS 396B  as the 
standard for Environmental Conditions and Test Procedures for Airborne Equipment.   


In analogy to ETSO-C4c#2 but without the use of deviation ETSO-C4c#1. 


ETSO-C4c#3 – Bank and Pitch Instruments 


Neither ETSO-C4c nor SAE Aerospace Standard AS 8001 specifies use of a standard for 
software development. EUROCAE ED-12B/RTCA DO-178B shall be used as the standard 
for Software Considerations in Airborne Systems and Equipment Certification. It is not 
necessary to file a deviation to use this standard in case software is used in the 
equipment.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C4c#4 – Bank and Pitch Instruments 


Deviate from ETSO-C4c Section 4.1 to remove the marking requirement  “… the following 
information shall be legibly and permanently marked on the equipment: Nominal power 
input rating (electrical voltage and frequency, vacuum or air pressure)” 


Published in ETSO.DevP.26 from 31.10.2008 to 21.11.2008. 


No comments received.  


ETSO-C4c#5 – Bank and Pitch Instruments 


Deviate from ETSO-C4c Section 3.1.1 for SAE AS 396B §6.1 for maximum “starting” time 
of 3 minutes. Adapt the starting time for TSO/ETSO C6d and C4d, introduce an 
operational limitation in the installation manual, in the DDP and in the pilot’s guide. Usage 
as secondary source of bank and pitch. 


Published in ETSO.DevP.41 from 23.07.2009 to 17.08.2009. 


CRD document: CRD DevP41.  


ETSO-C6d#1 – Direction Instrument, Magnetic (Gyroscopically Stabilized) 


Deviate from ETSO-C6d 3.1.1 to use SAE AS 8013A instead of SAE AS 8013 as the 
Minimum Performance Standard. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C6d#2 – Direction Instrument, Magnetic (Gyroscopically Stabilized) 


Deviate from ETSO-C6d to modify the requirement 3.10.2 in SAE AS 8013A that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular." The viewing envelope is defined (per ETSO-
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C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 
degrees in the up vertical direction, and 10 degrees in the down vertical direction.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C6d#3 – Direction Instrument, Magnetic (Gyroscopically Stabilized) 


Deviate from ETSO-C6d to modify the requirement 3.6 in SAE AS 8013A and to provide 
an integral health monitoring with an associated health message.  The detailed 
requirements are not adequate to AHRS not using the synchro or rotating gyro 
technology.  


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C6d#4 – Direction Instrument, Magnetic (Gyroscopically Stabilized) 


Deviate from ETSO-C6d to modify the requirement 3.13 in SAE AS 8013A and use a 
sensor combination with a mathematical process to provide heading in line with magnetic 
heading. When no alignment is needed the indication of the alignment and /or failure of 
alignment status is not necessary.  


Remark: It is EASA interpretation that a mathematical process bringing the heading in line 
with magnetic heading is an automatic function as described in the requirement and no 
deviation request is needed for such a function. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


CRD document CRD.DevP11. 


ETSO-C6d#5 – Bank and Pitch Instruments 


Deviate from ETSO-C6d §3.1.1 for SAE AS 8013 §4.1 for maximum “starting” time of 3 
minutes. Adapt the starting time for TSO/ETSO C6d and C4d, introduce an operational 
limitation in the installation manual, in the DDP and in the pilot’s guide. Usage as 
secondary source of bank and pitch. 


Published in ETSO.DevP.41 from 23.07.2009 to 17.08.2009. 


CRD document: CRD DevP41.  


ETSO-C7d#1 – Direction Instrument, Magnetic Non-Stabilized Type (Magnetic 
Compass) 


Deviate from ETSO-C7d Section 3.1.2 to use of RTCA DO-160D change 3 in lieu of SAE 
AS398A for environmental testing except that the Extreme Temperature Tests must be 
performed in accordance with SAE AS398A. 


Published in ETSO.DevP.28 from 7.11.2008 to 30.11.2008. 


No Comments received. 


ETSO-C8d#1 – Vertical Velocity Instrument (Rate-of-Climb) 


Deviate from ETSO-C8d 3.1.1 to use SAE AS 8016A instead of SAE AS 8016 as the 
Minimum Performance Standard. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 
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ETSO-C8d#2 – Vertical Velocity Instrument (Rate-of-Climb) 


Deviate from ETSO-C8d to modify the requirement 3.2.4 in SAE AS 8016A that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular."  The viewing envelope is defined (per ETSO-
C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 
degrees in the up vertical direction, and 10 degrees in the down vertical direction. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C9c#1 – Automatic Pilots 


Deviate from ETSO-C9c 3.1.1 to use SAE AS-402B instead of AS-402A.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C9c#2 – Automatic Pilots 


Deviate from AS-402B paragraph 4.4.1 to limit autopilot engagement to attitudes 
considered safe for the certified aircraft.  Instead use Autopilot limitations that limit pitch 
and roll engagement to more conservative limits. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C9c#3 – Automatic Pilots 


Deviate from AS402B paragraph 4.3.2 to not provide servo effort indications when the 
automatic pilot is not engaged in those cases that exclude servo effort by design in the 
non engaged state. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C9c#4 – Automatic Pilots 


Deviate from ETSO-C9c 3.1.2 to use DO-160D instead SAE AS 402A for specified 
environmental tests.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C10b#1 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


Deviate from ETSO-C10b 3.1.1 to use SAE AS 8009A instead of SAE AS 392C as the 
Minimum Performance Standard. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C10b#2 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


Deviate from ETSO-C10b to modify the requirement 3.7 in SAE AS 8009A that requires 
"Pointers and dial markings shall be visible from any point within the frustrum of a cone; 
the side of which makes an angle of 30 degrees with the perpendicular to the dial and the 
small diameter of which is the aperture the instrument case."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal 
directions, 45 degrees in the up vertical direction, and 10 degrees in the down vertical 
direction.  
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Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C10b#3 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


Deviate from SAE AS 8009A Section 3.11 to not display ALTITUDE or ALT next to the 
tape indicating altitude.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C10b#3a – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


Deviate from SAE AS 392C Section 4.2.4 to not display ALTITUDE or ALT next to the 
tape indicating altitude. 


Published in ETSO.DevP.05 from 8.5.2007 to 30.5.2007. 


No Comments received. 


ETSO-C10b#4 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


Deviate from ETSO-C10b 3.1.1 to use RTCA DO-160D instead of SAE AS 8009A as the 
standard for Environmental Conditions and Test Procedures for Airborne Equipment.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C10b#4a – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


Deviate from ETSO-C10b 3.1.1 to use RTCA DO-160D instead of SAE AS 392C as the 
standard for Environmental Conditions and Test Procedures for Airborne Equipment.  


In analogy to ETSO-C10b#4 but without the use of deviation ETSO-C10b#1. 


ETSO-C10b#4b – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


Deviate from ETSO-C10b 3.1.1 to use RTCA DO-160F instead of SAE AS 392C as the 
standard for Environmental Conditions and Test Procedures for Airborne Equipment.  


In analogy to ETSO-C10b#4 but without the use of deviation ETSO-C10b#1. 


ETSO-C10b#5 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


SAE AS392C § 4.2.1 states, “4.2.1 Increments:  Markings shall be provided at intervals 
not exceeding 20 feet of altitude with major increment markings at 100 foot intervals.” 
Instead, a combination of a tape and a digital readout for indicating altitude shall be used. 
Following current PFD conventions, the proposed tape shall have graduations every 100 
feet with markings every 500 feet.  The proposed altitude display comports with 
recommended symbols 39 and 40 of SAE/ARP4102-7 App. A. 


Published in ETSO.DevP.05 from 8.5.2007 to 30.5.2007 and in ETSO.DevP.11 from 
29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C10b#6 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


ETSO-C10b §4.1 No maximum operating altitude shall be marked on the integrated 
instrument. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


CRD document CRD.DevP11. 
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ETSO-C10b#7 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


SAE AS 392c 4.2.3: Use a blue/brown background instead of a black one to display the 
altitude. 


Published in ETSO.DevP.05 from 8.5.2007 to 30.5.2007. 


No Comments received. 


ETSO-C10b#8 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 


Deviate from SAE AS 392C Section 4.1 and provide a vertical altitude scale/tape with 
digital readout instead of a pointer moving in a clockwise direction. 


Published in ETSO.DevP.30 from 5.12.2008 to 16.1.2009. 


No Comments received. 


ETSO-C13f#1 – Life preservers 


The International Standard ISO 12402-7 (issued November 2006) has been used to 
qualify the life preserver gas reservoir instead of MIL-C-601G (issued 1972). 


Published in ETSO.DevP.36 from 12.5.2009 to 5.6.2009. 


No Comments received. 


ETSO-C30c#1 – -Aircraft Position Lights 


Deviate from ETSO-C30c 3.1.1 and use SAE AS 8037A instead of AS 8037 as the 
Minimum Performance Standard for Aircraft Position Lights. 


Published in ETSO.DevP.45 from 22.2.2010 to 12.3.2010. 


No Comments received. 


ETSO-2C35d#1 – Radar Marker Receiving Equipment 


Deviate from ETSO-2C35d which calls out EUROCAE 1/WG7 Section 3.16 to allow the 
visual indication of the Standard Test Signal to not flash synchronized with the keying, but 
to flash at the following fixed rates while keyed: Outer 1.33 Hz, Middle 3 Hz, Inner 4 Hz. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C39b#1 – Aircraft seats and berths 


Deviate from ETSO-C39b paragraph 3.1.1 by meeting, instead of the requirements set 
forth in NAS 809 specification, the requirements contained in relevant paragraphs of SAE 
AS8049 Revision B which do correspond to the ones in SAE AS8049 Revision A as listed 
and modified by FAA TSO-C39c. This deviation was accepted on the basis that SAE 
standard AS8049 Rev. A is already used in a more recent issue of the equivalent FAA 
TSO and that that SAE standard AS8049 Rev. B is used as the basic technical standard 
for certification of seats and their installation on CS part 25 aircraft. 


Published in ETSO.DevP.24 from 18.8.2008 to 29.8.2007. 


No Comments received. 


ETSO-2C40c#1 - VOR Receiving Equipment Operating Within the Radio Frequency 
Range 108-117.95 Megahertz 


Deviate from ETSO-2C40c (EUROCAE ED-22B Section 5.2.9 - Measurement Procedure) 
to have a deflection response of 0.5 to 2.7 seconds instead of 0.5 to 2 seconds. 


Published in ETSO.DevP.62a from 02.05.2011 to 23.05.2011. 
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No comment received. 


ETSO-2C41d#1 – Airborne Automatic Direction Finding (ADF) Equipment 


Deviate from ED 51 § 3.10 Spurious Responses: For the case of spurious responses 
when the receiver is tuned anywhere in the frequency range 190-850 kHz, it is requested 
that the threshold for spurious responses be reduced from 80 dB down to 40 dB down for 
three discrete frequencies of 1/2, 1/3, and 1/4 of the tuned frequency. 


Published in ETSO.DevP.21 from 01.8.2008 to 18.8.2008. 


No comments were received.  


ETSO-C43c#1 – Temperature Instruments 


Deviate from ETSO-C43c 3.1.1 to use SAE AS 8005A instead of SAE AS 8005 as the 
Minimum Performance Standard. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C44b#1 – Fuel Flowmeters 


Deviate from ETSO-C44b 3.1.1 to use SAE AS 407C instead of SAE AS 407B to 
demonstrate compliance for Fuel Flowmeters. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C44b#2 – Fuel Flowmeters 


Deviate from ETSO-C44b 3.1.2 to use RTCA DO-160D instead of SAE AS 407B as the 
standard for Environmental Conditions and Test Procedures for Airborne Equipment. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C44b#3 – Fuel Flowmeters 


Deviate from ETSO-C44b to modify the requirement 4.2.5 in SAE AS 407C that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular."  The viewing envelope is defined (per ETSO-
C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 
degrees in the up vertical direction, and 10 degrees in the down vertical direction.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C44b#4 – Fuel Flowmeters 


Deviate from ETSO-C44b to modify the requirement 4.1.1 in SAE AS 407C that requires 
"Type I Instruments:  Rotating pointer with fixed graduated dial or counter type indication.  
Clockwise pointer motion shall indicate increasing rate of flow."  The gauge is defined as a 
horizontal or vertical bar with fixed graduations, with a pointer motion to the right or up 
indicating an increase rate of flow.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 
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ETSO-C44b#5 – Fuel Flowmeters 


Deviate from SAE AS 407C 4.2.3 and allow the use of analog scales that have gradua-
tions that exceed 10% of full scale value when the analog scale is accompanied by a 
digital readout.  


Published in ETSO.DevP.19 from 28.4.2008 to 20.5.2008. 


No comment received. 


ETSO-C45a#1 – Manifold Pressure Instruments 


Deviate from ETSO-C45a 3.1.1 to use SAE AS 8042 instead of SAE AS 411 for Minimum 
Performance Standards. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C45a#2 – Manifold Pressure Instruments 


Deviate from ETSO-C45a to use RTCA DO-160D instead of SAE AS 411 as the standard 
for Environmental Conditions and Test Procedures for Airborne Equipment. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C45a#3 – Manifold Pressure Instruments 


Deviate from ETSO-C45a SAE 8042 3.10.5 to use MAN as abbreviation instead of 
MANIFOLD PRESSURE or MANIF PRESS.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C45a#3a – Manifold Pressure Instruments 


Deviate from ETSO-C45a, SAE AS 8042, 3.10.5 and use MAP or MAN PRESS instead of 
MANIFOLD PRESSURE or MANIF PRESS. 


SAE AS 8008 


CRD CRD.DevP05 


Remark: An assessment is necessary showing that no confusion is possible. 


ETSO-C45a#4 – Manifold Pressure Instruments 


Deviate from ETSO-C45a to modify the requirement 3.10.9 in SAE AS 8042 that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular." The viewing envelope is defined (per ETSO-
C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 
degrees in the up vertical direction, and 10 degrees in the down vertical direction. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C46a#1 – Maximum Allowable Airspeed Indicator Systems 


Deviate from ETSO-C46a § 3.1.2 and use RTCA DO-160D change 3 instead of the 
„Federal Aviation Administration Standard, Maximum Allowable Airspeed Indicator 
Systems“ as environmental standard. 


Published in ETSO.DevP.05 from 8.5.2007 to 30.5.2007. 
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No comments received. 


ETSO-C46a#1a – Maximum Allowable Airspeed Indicator Systems 


Deviate from ETSO-C46a § 3.1.2 and use RTCA DO-160F instead of the „Federal 
Aviation Administration Standard, Maximum Allowable Airspeed Indicator Systems“ as 
environmental standard. 


In analogy to ETSO-C46a#1 using in addition CS-ETSO Subpart A 2.1#2. 


ETSO-C46a#2 – Maximum Allowable Airspeed Indicator Systems 


Deviate from ETSO-C46a paragraph 3.1.1 to use SAE AS 437A in lieu of SAE AS 437 as 
the Minimum Performance Standard  


Published in ETSO.DevP.26 from 30.10.2008 to 21.11.2008. 


No comment received. 


ETSO-C46a#3 – Maximum Allowable Airspeed Indicator Systems 


Deviate from ETSO-C46a paragraph 4.1 to remove the requirement for “… the instrument 
must be marked to indicate its range in knots and, if applicable, to identify the calibration 
employed to control the movement of the maximum allowable airspeed pointer in the Vmo 
and Mmo ranges, or to identify the particular aircraft type design on which the instrument 
is intended to be used.” 


Published in ETSO.DevP.26 from 30.10.2008 to 21.11.2008. 


No comment received. 


ETSO-C47#1 – Pressure Instruments – Fuel, Oil and Hydraulic (Reciprocating 
Engine Powered Aircraft) 


Deviate from ETSO-C47 3.1.1 to use SAE AS 408C instead of SAE AS 408A for Minimum 
Performance Standards and Environmental Standards. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C47#2 – Pressure Instruments – Fuel, Oil and Hydraulic (Reciprocating 
Engine Powered Aircraft) 


Deviate from ETSO-C47 to modify the requirement 4.1.5 in SAE AS 408C that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular."  The viewing envelope is defined (per ETSO-
C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 
degrees in the up vertical direction, and 10 degrees in the down vertical direction. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C47#3 – Pressure Instruments – Fuel, Oil and Hydraulic (Reciprocating 
Engine Powered Aircraft) 


Deviate from ETSO-C47 3.1.1 to use RTCA DO-160D instead of AS 408C as the standard 
for environmental testing. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C47#4 – Pressure Instruments – Fuel, Oil and Hydraulic 
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Deviate from ETSO-C47 Section 4.1 to remove the marking requirement for “… in lieu of 
the weight, the range shall be shown.” 


Published in ETSO.DevP.26 from 30.10.2008 to 21.11.2008. 


No comment received. 


ETSO-C49b#1 – Electric Tachometer: Magnetic Drag (Indicator and Generator) 


Deviate from ETSO-C49b 3.1.1 to use SAE AS 404C instead of SAE AS 404B for 
Minimum Performance Standards and Environmental Standards. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C49b#2 – Electric Tachometer: Magnetic Drag (Indicator and Generator) 


Deviate from ETSO-C49b to modify the requirement 4.1.2 in SAE AS 404C that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular."  The viewing envelope is defined (per ETSO-
C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 
degrees in the up vertical direction, and 10 degrees in the down vertical direction. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C49b#3 – Electric Tachometer: Magnetic Drag (Indicator and Generator) 


Deviate from ETSO-C49b, SAE AS 404C requirement 4.1.3.2 second sentence which 
states, “The increment between graduations shall not exceed 2-1/2% of full scale, above 
600 RPM.”  The tachometer gauge which incorporate a full time digital readout, multiple 
graduations on the dial are not needed in order for the correct reading to be obtained.  
The resolution of the digital readout will be 10 RPM which is less than 2-1/2% of full scale.  
A pointer with clockwise motion for increasing RPM, is provided. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C49b#4 – Electric Tachometer: Magnetic Drag (Indicator and Generator) 


Deviate from ETSO-C49b 3.1.2 to use DO-160D instead of SAE AS 404B as the 
Environmental Standard. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C49b#5 – Electric Tachometer: Magnetic Drag (Indicator and Generator) 


Deviate from ETSO-C49b Section 4.1 to remove the marking requirement for “… in 
addition, range and rating shall be shown.” 


Published in ETSO.DevP.26 from 30.10.2008 to 21.11.2008. 


No comment received. 


ETSO-C50c#1, - Audio Selector Panels and Amplifiers 


Deviate from § 3.1.1 to use RTCA DO-214  instead of EUROCAE ED-18/RTCA DO-170 
as the Minimum Performance Standard.   


Published in ETSO.DevP.03 from 10.3.2007 to 2.4.2007. 


CRD document: CRD DevP03. 
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ETSO-C50c#2 – Audio Selector Panels and Amplifiers 


Deviate from § 3.1.2 to use EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/ 
DO160D change 3 as environmental test standard. 


Published in ETSO.DevP.03 from 10.3.2007 to 2.4.2007. 


CRD document: CRD DevP03.  


ETSO-C50c#3 – Audio Selector Panels and Amplifiers 


Deviate from DO-214 2.8.2.7 Crosstalk 


In sub-paragraph 2.8.7.2.1 Input-to-Output Crosstalk and Bleed-Through Levels: Vref will 
be defined as the rated output level of the monitored output in lieu of the rated input. 


In sub-paragraph 2.8.2.7.2 Input-to-Input Crosstalk: Vref will be defined as the rated input 
level of the monitored input. 


The use of rated input as the reference results in inconsistency in the permitted levels of 
crosstalk on different outputs. 


Published in ETSO.DevP.03 from 10.3.2007 to 2.4.2007. 


CRD document: CRD DevP03.  


ETSO-C52b#1 – Flight Directors 


Deviate from AS-8008 paragraph 3.6 to limit flight director operation to attitudes 
considered safe for the certified aircraft. The Autopilot limits pitch and roll engagement to 
more conservative limits. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C55#1 – Fuel and Oil Quantity Instruments (Reciprocating Engine Aircraft) 


Deviate from ETSO-C55 3.1.1 to use SAE AS 405C instead of SAE AS 405B to 
demonstrate compliance for Fuel and Oil Quantity Instruments.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C55#2 – Fuel and Oil Quantity Instruments (Reciprocating Engine Aircraft) 


Deviate from ETSO-C55 to modify the requirement 4.2.5 in SAE AS 405C that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular."  The viewing envelope is defined (per ETSO-
C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 
degrees in the up vertical direction, and 10 degrees in the down vertical direction. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C55#3 – Fuel and Oil Quantity Instruments (Reciprocating Engine Aircraft) 


Deviate from ETSO-C55 to modify the requirement 4.2.4 in SAE AS 405C to allow "FUEL 
QTY" to be used to abbreviate "Fuel Quantity". 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 
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ETSO-C55#4 – Fuel and Oil Quantity Instruments (Reciprocating Engine Aircraft) 


Deviate from ETSO-C55 3.1.2 to use DO-160D instead of SAE AS 405B as the 
Environmental Standard.  


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C57a#1 – Headsets and Speakers 


Deviate from § 3.1.1 to use RTCA DO-214 instead of EUROCAE ED-18/RTCA DO-170 as 
the Minimum Performance Standard.   


Published in ETSO.DevP.03 from 10.3.2007 to 2.4.2007. 


CRD document: CRD DevP03.  


ETSO-C57a#2 – Headsets and Speakers 


Deviate from § 3.1.2 to use EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/ 
DO160D change 3 as environmental test standard. 


Published in ETSO.DevP.03 from 10.3.2007 to 2.4.2007. 


CRD document: CRD DevP03.  


ETSO-C57a#3 – Headsets and Speakers 


Deviate from RTCA DO-214 2.3.8.4 and apply the Cord Connector Flexibility test only for 
the fixed panel mounted connectors and their counterpart and not for those acting as 
interconnections within the cable or at the headset. 


Published in ETSO.DevP.03 from 10.3.2007 to 2.4.2007. 


CRD document: CRD DevP03. 


ETSO-C57a#4 – Headsets and Speakers 


Deviate from EUROCAE ED-18 part II §4.4.1 for the limits of the rated impedance that 
shall be between the limits of 8 Ω and 32 Ω ± 20% instead of between 150 Ω and 600 Ω. 
This difference will be published in the DDP and in the user manual. 


Published in ETSO.DevP.17 from 26.10.2007 to 26.11.2007. 


No comments received. 


No Deviation ETSO-C57a#5 – Headsets and Speakers 


The RTCA DO 214 Section 2.3.8.4, 2.6.2.8 pull out test is not applicable the headset side 
of the cord. 


Published in ETSO.DevP.27 from 19.12.2008 to 23.01.2009. 


No comments received. 


ETSO-C57a#6 – Headsets and Speakers 


Deviate from RTCA DO-214 Section 2.3.1.1 and allow higher frequency response levels 
(up to +12 dB) at frequencies above 1.5 kHz. An additional speech quality test is 
performed to substantiate the equal level of safety. 


Published in ETSO.DevP.27 from 19.12.2008 to 23.01.2009. 


No comments received. 
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ETSO-C57a#7 – Headsets and Speakers 


Deviate from RTCA DO-214 2.3.3.1 and provide a higher Sound Pressure Level (SPL) of 
90 -5/+18 dB instead of 90 +/- 5 dB SPL (re: 20 µPa) out of 1 mW (RMS) input signal.  


Published in ETSO.DevP.52 from 16.8.2010 to 6.9.2010. 


CRD document: CRD DevP52.  


ETSO-C58a#1 – Aircraft Microphones (Except Carbon) 


Deviate from § 3.1.1 to use RTCA DO-214 instead of EUROCAE ED-18/RTCA DO-170 as 
the Minimum Performance Standard.   


Published in ETSO.DevP.03 from 10.3.2007 to 2.4.2007. 


CRD document: CRD DevP03.  


ETSO-C58a#2 – Aircraft Microphones (Except Carbon) 


Deviate from § 3.1.2 to use EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/ 
DO160D change 3 as environmental test standard. 


Published in ETSO.DevP.03 from 10.3.2007. to 2.4.2007. 


CRD document: CRD DevP03.  


ETSO-C58a#3 – Aircraft Microphones (Except Carbon) 


Deviate from RTCA DO-214 Section 2.2.1 and replace/supplement the frequency 
response requirement by requirements provided in ISO/TR 4870,  ANS/ S3.2-1989 for in-
ear microphones using bone-conducting technology. In the frequency-range 3.2 – 6 kHz 
the limit may exceed the -10 dB up to a maximum of -20 dB at 6 kHz. 


Published in ETSO.DevP.27 from 19.12.2008 to 23.01.2009. 


No comments received. 


ETSO-C58a#4 – Aircraft Microphones (Except Carbon) 


Deviate from RTCA DO-214 Section 2.2.11 and allow acoustical cross-talk from the 
Headset to Microphone for frequencies above 4.5 kHz up to a maximum signal of 9 dB 
mV at 6 kHz for in-ear systems with one active microphone. 


Published in ETSO.DevP.27 from 19.12.2008 to 23.01.2009. 


No comments received. 


ETSO-C58a#5 – Aircraft Microphones (Except Carbon)  


Deviate from RTCA DO 214 Section 2 § 2.2.1.1 for the frequency response and use a 
frequency response tailored to the type of speaker/usage. A specific frequency response 
and a speech quality test to demonstrate an equivalent level of safety for this type of 
active switch microphone in the prescribed usage conditions were accepted. The usage 
conditions for the active switch microphone were specified on the ETSO authorisation as 
a usage limitation: Used in the cavity of the ETSO 2C78/TSO C78a Crew Oxygen masks 
as specified in the DDP. 


Published in ETSO.DevP.44 from 16.12.2009 to 18.01.2010. 


No comments received. 


ETSO-C58a#6 – Aircraft Microphones (Except Carbon) 


Deviate from RTCA DO-214 Test procedures as detailed in 2.6.2.1, 2.6.2.3, and 2.6.2.5 
and use a supply voltage of 12 to 16 VDC instead of 8 to 16 VDC for handsets.  
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Published in ETSO.DevP.52 from 16.8.2010 to 6.9.2010. 


CRD document: CRD DevP52.  


ETSO-C58a#7 – Aircraft Microphones (Except Carbon) 


Deviate from RTCA DO-214 2.2.9 and allow a lower Push to Talk switch current of 0.5 A 
instead of 1A and a higher switch contact resistance of 400 mOhm instead of 50 mOhm 
for Handsets.  


Published in ETSO.DevP.52 from 16.8.2010 to 6.9.2010. 


CRD document: CRD DevP52.  


ETSO-C58a#8 – Aircraft Microphones (Except Carbon) 


Deviate from RTCA DO-214 2.2.2 to allow 3.5 dB instead of the required 5 dB output 
increase when doing the 6 dB sound pressure increase test. 


Published in ETSO.DevP.56 from 7.12.2010 to 5.1.2011. 


No comments received. 


ETSO-C62d#1 – Aircraft Tyres 


Deviate from Appendix 1 §4.3 is requested for the requirement of 4 times rated pressure 
reduced to 3 times for retread tyres as per FAA AC145-4A paragraph 11d 


Published in ETSO.DevP.37 from 11.6.2009 to 3.7.2009. 


CRD document: CRD DevP37.  


ETSO-C64a#1 - Oxygen Mask Assembly, Continuous Flow, Passenger 


Deviate from paragraph 3.1 of ETSO-C64a by testing in accordance with SAE AS8025A 
versus SAE AS8025. 


Published in ETSO.DevP.48r1 from 06.05.2010 to 28.5.2010. 


CRD document: CRD DevP48.  


ETSO-C64a#2 - Oxygen Mask Assembly, Continuous Flow, Passenger 


Deviate from SAE AS8025A paragraph 6.1.7 and replace the breathing machine test to 
determine mask oxygen flows with testing performed on human subjects at altitude. 


Published in ETSO.DevP.48r1 from 06.05.2010 to 28.5.2010. 


CRD document: CRD DevP48.  


ETSO-C73#1 – Static Electrical Power Inverter 


Deviate from ETSO-C73 attached FAA Standard for Power Inverters paragraph 2.3 and 
provide 50 Hz +/- 1 % or 60 Hz +/- 1 % instead of the required 400 Hz.  


Published in ETSO.DevP.54 from 08.09.2010 to 29.09.2010. 


CRD document: CRD DevP54.  


ETSO-2C78#1 - Crewmember Oxygen Mask 


Deviate from ETSO-2C78 Appendix 1 paragraph 3.3(a) and use the FAA TSO-C89a 
inward leakage requirement as called in the SAE standard AS8027 §3.2.2.2. for mask 
mounted regulators (type IV device). 


Published in ETSO.DevP.55 from 8.11.2010 to 30.11.2010. 
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No comment received. 


ETSO-2C78#2 - Crewmember Oxygen Mask 


For masks with integrated regulators deviate from ETSO-2C78 Appendix 1 § 3.4.a and 
use FAA TSO-C89a § 3.2.3 (type 4) cumulative inspiratory resistance test. 


Published in ETSO.DevP.55 from 8.11.2010 to 30.11.2010. 


No comment received. 


ETSO-2C87#1 – Low range radio altimeters 


Deviate from EUROCAE ED-30 § 3.2.3.4 to implement an additional option for a greater 
time constant for height change filtering. 


Published in ETSO.DevP.49 from 05.0.2010 to 02.08.2010. 


No comment received. 


ETSO-C89#7 - Oxygen Regulators, Demand 


Deviate from ETSO-C89 Appendix 1 paragraph 4.4(a) and use the FAA TSO-C89a inward 
leakage requirement as called in the SAE standard AS8027 § 3.2.2.2 for mask mounted 
regulators (type IV device). 


Published in ETSO.DevP.55 from 8.11.2010 to 30.11.2010. 


No comment received. 


ETSO-C89#8 - Oxygen Regulators, Demand 


Deviate from ETSO-C89 Appendix 1 paragraph 4.5(b) and use the FAA TSO-C89a outlet 
proof pressure procedure as called in the SAE standard AS8027 § 3.2.1.2 and 3.2.1.3 for 
mask mounted regulators (type IV device). 


Published in ETSO.DevP.55 from 8.11.2010 to 30.11.2010. 


No comment received. 


ETSO-C89#9 - Oxygen Regulators, Demand 


For masks with integrated regulators deviate from C89 Appendix 1 § 4.1.a and use FAA 
TSO-C89a § 3.2.3 (type 4) cumulative inspiratory resistance test to demonstrate the air 
flow. 


Published in ETSO.DevP.55 from 8.11.2010 to 30.11.2010. 


No comment received. 


ETSO-C89#10 - Oxygen Regulators, Demand 


For masks with integrated regulators instead of the separate ETSO-C89 FAA standard § 
4.4 (c) outlet leakage and ETSO-C89 FAA standard § 4.4 (d) overall leakage test one 
combined leakage test is performed using 0.02 L/min STPD as maximum leakage rate. 


Published in ETSO.DevP.55 from 8.11.2010 to 30.11.2010. 


No comment received. 


ETSO-C90c#1 – Cargo Pallets, nets, and containers 


Deviate from § 3.10.1 by reducing the ultimate static loads to be withstood by this specific 
Unit Load Device (ULD) for specific applications. 


Published in ETSO.DevP.06 from 15.5.2007 to 8.6.2007. 


CRD document: CRD DevP06.  
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ETSO-C95#1 - Mach Meters 


Deviate from ETSO-C95 paragraph 3.1.1 to use SAE AS 8018A in lieu of SAE AS 8018 
as the Minimum Performance Standard. 


Published in ETSO.DevP.26 from 30.10.2008 to 21.11.2008. 


No comment received. 


ETSO-C96a#1 – Anticollision Light Systems 


Deviate from ETSO-C96a 3.1.1 and use SAE document AS 8017B instead of AS 8017A 
as the minimum requirement standard. 


Published in ETSO.DevP.18 from 5.11.2007 to 26.11.2007. 


No Comments received. 


ETSO-C106#1 – Air Data Computer 


Deviate from ETSO-C106 3.1.1 and use SAE AS 8002 Rev. A instead of AS 8002 as the 
minimum requirement standard. 


Published in ETSO.DevP.13 from 24.07.2007 to 14.8.2007. 


No comments received. 


ETSO-C106#2 – Air Data Computer 


Deviate from AS8002 §9.2 f to indicate the input pressures range (static and total 
pressures) instead of altitude and airspeed range.  


Published in ETSO.DevP.23 from 1.8.2008 to 22.8.2008. 


No comments received (UK CAA stated they had no comment). 


ETSO-C109#1 – Airborne Navigation Data Storage System 


Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 1.2.3, and use a bi-
directional data bus instead of two independent data buses one for data request and the 
other for data delivery.  


Published in ETSO.DevP.12 from 25.07.2007 to 15.8.2007. 


No comments received. 


ETSO-C109#2 – Airborne Navigation Data Storage System 


Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 2.5 and exclude the Disk 
Drive Unit and the embedded Disk Controller (Commercial of the Shelf subcomponents) 
from the 100% screening requirement applying if the specified equipment performance 
exceeds the component manufacturer’s specified performance if not used as permanent 
data storage.  


Published in ETSO.DevP.12 from 25.7.2007 to 15.8.2007. 


No comments received. 


ETSO-C109#3 – Airborne Navigation Data Storage System 


Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 1.2, and define the 
intended function to be a removable media navigation data storage device for loading 
current navigation data.  
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Published in ETSO.DevP.29 from 19.11.2008 to 11.12.2008. 


No comments received. 


ETSO-C109#4 – Airborne Navigation Data Storage System 


Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.1, and allow the 
introduction of requests for a set of data.  


Published in ETSO.DevP.29 from 19.11.2008 to 11.12.2008. 


No comments received. 


ETSO-C109#5 – Airborne Navigation Data Storage System 


Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.2, and remove the 
requirement to permanently store the navigation data in Non-volatile memory within the 
data base update system. 


Published in ETSO.DevP.29 from 19.11.2008 to 11.12.2008. 


No comments received. 


ETSO-C109#6 – Airborne Navigation Data Storage System 


Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.3, and modify the 
requirement to provide the data base identification and Expiration date on request in a 
way that the information is provided as part of the data base transfer but not on individual 
request for data base update systems. 


Published in ETSO.DevP.29 from 19.11.2008 to 11.12.2008. 


No comments received. 


ETSO-C109#7 – Airborne Navigation Data Storage System 


Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.4, and delete the 
requirement to use the error detection codes contained in the navigation data base file on 
each record during data transfer for data base update systems. 


Published in ETSO.DevP.29 from 19.11.2008 to 11.12.2008. 


No comments received. 


ETSO-C109#8 – Airborne Navigation Data Storage System 


Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.5, and delete the 
requirement to check for duplicate Identifiers for data base update systems. 


Published in ETSO.DevP.29 from 19.11.2008 to 11.12.2008. 


No comments received. 


ETSO-C109#9 – Airborne Navigation Data Storage System 


Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.6, and delete the 
requirement permanently store, update and automatically select navigation data based on 
expiration date for data base update systems. 


Published in ETSO.DevP.29 from 19.11.2008 to 11.12.2008. 
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No comments received. 


No Deviation ETSO-2C112b#1 AIR TRAFFIC CONTROL RADAR BEACON 
SYSTEM/MODE SELECT (ATCRBS/MODE S) AIRBORNE EQUIPMENT 


ED-73B 1.4.2.2 reads: The label must be clearly visible when the transponder is mounted 
on the aircraft.  


The requirement is ambiguous. The most common interpretation for “when mounted” is 
that the requirement has to be met after the installation has been finished. It is possible to 
read the sentence as well in a way that the requirement is valid during installation. 


EASA will not require a deviation request if the label is not visible when the equipment is 
installed e.g. for panel mounted equipment but visible if holding the unit in hand e.g. 
during installation or on the bench. 


Published in ETSO.DevP.04 from 04.04.2007 to 2.5.2007. 


No comments received. 


No Deviation ETSO-2C112b#4 AIR TRAFFIC CONTROL RADAR BEACON 
SYSTEM/MODE SELECT (ATCRBS/MODE S) AIRBORNE EQUIPMENT 


EUROCAE ED-73B 3.21.2.6 c No means are provided to disable acquisition squitters 
when extended squitters are being emitted. The requirement is considered optional. 


Published in ETSO.DevP.43 from 20.11.2009 to 11.12.2009. 


No comments received. 


ETSO-2C112b#5 – Air Traffic Control Radar Beacon System/Mode Select 
(ATCRBS/MODE S) Airborne Equipment 
Deviate from ETSO-2C112b 3.1.1 and use EUROCAE ED-73C instead of ED-73B. 


Published in ETSO.DevP.53 from 28.8.2010 to 16.9.2010. 


No comments received. 


ETSO-2C112b#6 – Air Traffic Control Radar Beacon System/Mode Select 
(ATCRBS/MODE S) Airborne Equipment 
Deviate from EUROCAE ED-73C 2.5.e and provide no means to inhibit the transmission 
of altitude information. 


Published in ETSO.DevP.53 from 28.8.2010 to 16.9.2010. 


CRD document: CRD DevP53. 


ETSO-C113#1 – Airborne Multipurpose Electronic Displays 


Deviate from ETSO-C113 3.1.1 and use SAE AS 8034 Rev. A instead of AS 8034 as the 
minimum requirement standard. 


Published in ETSO.DevP.13 from 24.07.2007 to 14.8.2007. 


No comments received. 


ETSO-C114#1 – Torso Restraint Systems 


Deviate from ETSO-C114 paragraph 3.1.1 by meeting the requirements set forth in SAE 
AS 8043 Revision A specification, instead of SAE AS 8043 original issue. 


Published in ETSO.DevP.38 from 19.06.2009 to 10.7.2009. 


No comments received. 
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ETSO-C118#1 – Traffic Alert and Collision Avoidance System (TCAS) Airborne 
Equipment, TCAS I 


Deviate from ETSO-C118 3.1.1 to use RTCA DO-197A instead of RTCA DO-197 as the 
Minimum Performance Standard. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


Note: For accepted deviations to RTCA DO-197A see ETSO-C147 


ETSO-C119b#2 – Traffic alert and collision avoidance system (TCAS) airborne 
equipment, TCAS II  


Deviate from RTCA DO-185A and consider the RWG Recommended Modification 2.0 to 
TSO-C119B and the modifications as introduced by appendix 1 to TSO-C119b. 


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C119b#3 – Traffic alert and collision avoidance system (TCAS) airborne 
equipment, TCAS II 


Deviate from RTCA DO-185A section 2.2.4.4.2.2.b to use the Enhanced Preamble 
Detection method of RTCA DO-260A Appendix I section I.4.1.  


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C119b#4 – Traffic alert and collision avoidance system (TCAS) airborne 
equipment, TCAS II 


Deviate from RTCA DO-185A section 2.2.4.4.2.2.c to use the baseline multi-sample bit 
and confidence declaration technique of RTCA DO-260A Appendix I section I.4.2.3.1. 


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C119c#1 – TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM (TCAS) 
AIRBORNE EQUIPMENT, TCAS II 


Deviate from EUROCAE ED-143/ RTCA DO-185B subparagraph 2.2.6.1.2.1.1 to use an 
off-white own aircraft symbol and white proximate and other traffic symbols as shown 
below: 


 


Published in ETSO.DevP.46 from 15.07.2010 to 06.08.2010. 


No comment received. 


ETSO-C119c#2 - TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM (TCAS) 
AIRBORNE EQUIPMENT, TCAS II 


Deviate from EUROCAE ED-143/ RTCA DO-185B subparagraph 2.2.6.6.2.(a) and 
2.2.6.6.3.(a) to display “TCAS STBY” as an advisory (level 1) annunciation in amber 
instead of as an information (level 0) annunciation in white, when the own aircraft is 
airborne and the TCAS is in Standby. 


Published in ETSO.DevP.46 from 15.07.2010 to 06.08.2010. 
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No comment received. 


ETSO-C119c#3 - TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM (TCAS) 
AIRBORNE EQUIPMENT, TCAS II 


Deviate from ETSO-C119c paragraph 3.1.2 for the environmental standard to be 
unchanged from the original basis of an existing TCAS II product for a software upgrade 
limited to the changes introduced by EUROCAE ED-143/RTCA DO-185B (also known as 
“TCAS II version 7.1”). 


Published in ETSO.DevP.57 from 17.01.2011 to 08.02.2011. 


No comment received. 


ETSO-C119c#8 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.7.2.5.2.3, specifically the 
requirement that the system receive valid radio altitude for 5 consecutive TCAS 
processing cycles before issuing TA/RAs at power off/on system reset.  The deviation 
allows for a shorter validation time be permitted as long as the monitoring adequately 
provides for at least 5 valid radio altitude samples before issuing an RA or Traffic 
Advisory.  


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#9 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.7.2.5.1 and set the system 
into TCAS standby after 6 consecutive processing cycles of non-credible pressure altitude 
instead of failing the system after 5 consecutive TCAS processing cycles. 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#10 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.3.12 and use power 
dependent suppression times. 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#10 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.3.12 and use power 
dependent suppression times. 


ETSO.Dev Rev 17  21/39 







 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#11 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.5.4.1.1, 2.2.4.5.4.1.2 and 
suppress the S1 pulse on the two lowest power interrogations in a whisper-shout 
sequence. 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#11 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.5.4.1.1, 2.2.4.5.4.1.2 and 
suppress the S1 pulse on the two lowest power interrogations in a whisper-shout 
sequence. 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#12 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.5.4.1.1, 2.2.4.5.4.1.2  and 
use a whisper-shout interrogation sequence for a bottom directional antenna with ten total 
interrogation steps. 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#13 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.5.4.1.2 and use a 14 step 
instead of a 4 step whisper-shout interrogation sequence for a bottom omni-directional 
antenna. 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#14 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.6.2.2.2 and establish a 
track after three consecutive and consistent replies instead of only two consecutive 
replies. 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#15 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.6.2.2.1 and interrogate a 
Mode-S transponder after receipt of only one valid, error free squitter. 
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Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#16 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.4.1.1 and allow a 
Minimum Trigger Level (MTL) of -77dBm instead of -74dBm but raises the MTL to -73dBm 
when the interference limiting inequalities are initially violated. 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#17 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.4.1.1 and allow reduction 
of the minimum trigger level (MTL) in the forward quadrant to -82 dBm for squitter listening 
and -84 dBm for tracking interrogations instead of -74 dBm.    


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


ETSO-C119c#18 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 


Deviate from EUROCAE ED-143/RTCA DO-185B Volume I Section 2.2.4.5.4.1.3 and 
Volume II Sections 2.1.17, 2.1.18, 3.57, 3.104, Appendix A and allow the altitude tracker 
to limit the credibility checks to 0.5 g (16 feet/sec²) instead of 1.25 g (40 feet/sec²) vertical 
accelerations under certain conditions. 


Published in ETSO.DevP.64 from 01.08.2011 to 22.08.2011. 


No comment received. 


 


ETSO-2C126#1 – 406 MHz Emergency Locator Transmitter (ELT), ED-62 3.2.1.1 


Use of 406.028 MHz instead of 406.025 MHz as operating frequency. 


Published in ETSO.DevP.05 from 08.05.2007 to 30.05.2007. 


No comments received. 


ETSO-2C126#2 – 406 MHz Emergency Locator Transmitter (ELT), ED-62 3.1 


ELT without 243.0 MHz transmitter capability: 


Published in ETSO.DevP.05 from 08.05.2007 to 30.05.2007. 


No comments received. 


ETSO-2C126#3 – 406 MHz Emergency Locator Transmitter (ELT), 3.1.1 


Deviate from ETSO-2C126 §3.1.1 and use EUROCAE ED-62A or RTCA DO-204A 
instead of EUROCAE ED-62 as MOPS (Minimum Operational Performance Standard) 


Published in ETSO.DevP.42 from 23.10.2009 to 13.11.2009. 


No comments received. 


ETSO-C127a#32 – Rotorcraft, Transport aeroplane, and normal and utility aeroplane 
seating systems, SAE AS No AS 8049A 
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Use of SAE AS8049 Revision B instead of SAE AS8049 Revision A. The amended 
paragraphs of AS8049 Revision A listed in Appendix 1 of TSO-C127a are included in 
AS8049 Revision B. Moreover, current SAE standard AS8049 Rev. B is used as the basic 
technical standard for certification of seats and their installation on CS part 25 aircraft. 


Published in ETSO.DevP.32 from 16.01.2009 to 06.02.2009. 


No comments received. 


ETSO-C127a#59 – Rotorcraft, Transport aeroplane, and normal and utility aeroplane 
seating systems  


Deviating from ETSO-C127a, Appendix 1, paragraph 2.2.3 by meeting, instead of the 
acceptance criteria set forth Appendix F, Part II of CS25, the alternative acceptance 
criteria contained in FAA memorandum ANM-115-07-002 “Policy Statement on 
certification for flammability of lightweight seat Cushions” (dated 16th April 2009).  


Published in ETSO.DevP.59 from 28.1.2011 to 18.02.2011. 


CRD document: CRD DevP59. 


ETSO-C129a#1 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from ED-72A 3.2.2.1f(3) and 3.2.2.4j(4) to eliminate the annunciation for pending 
CDI scale change 3.0 NM from the FAF. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C129a#2 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from ED-72A 3.2.2.1f(4), 3.2.2.3e(4), and 3.2.2.4j(2) to eliminate the requirement 
to “alert the pilot of the need to manually insert the barometric pressure in case the unit 
calibrates pressure altitude whenever RAIM is available en route. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C129a#3 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from ED-72A 3.2.2.4j(8) to modify the requirement to allow the approach mode to 
be deselected by performing a direct-to action on the unit.  Instead, a two step operation 
that is consistent with the operational philosophies applied to the box in other areas is 
proposed. Consistent operation throughout the operation minimizes pilot error. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C129a#4 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from ED-72A 3.2.2.3d(2) to eliminate the requirement to provide a “means to 
manually identify a satellite that is expected to be unavailable at the destination” for the 
RAIM prediction process. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 
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ETSO-C129a#5 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from ETSO-C129a to change the requirement in ED-72A paragraph 4.16.2 to 
match the WAAS TSO-C145a and DO-229 requirements for Power input testing.  ETSO 
C145 and DO-229a allow a system reset followed by satellite acquisition time of 5 minutes 
for abnormal operating conditions power input tests. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C129a#6 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A Section 3.2.2.4.j.(4), -(5) and provide a smooth ILS look 
alike cross track deviation instead the requested transition to 0.3 NM full scale deviation.  


Published in ETSO.DevP.08 from 29.5.2007 to 19.6.2007. 


CRD document: CRD DevP08 


ETSO-C129a#7 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


a) Deviate from EUROCAE ED-72A Section 3.2.2.4.j(4) and enable the approach 3 NM 
prior to the FAF or the FACF, if a CF leg is coded as start of the sequence. 


b) Provide the scale change alert 15 seconds instead of 3 NM prior to the FAF or FACF 


Published in ETSO.DevP.08 from 29.5.2007 to 19.6.2007. 


CRD document: CRD DevP08 


ETSO-C129a#8 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A Section 3.2.2.4.f(3) and allow automatic leg sequencing 
for procedure turns vs. the ETSO requirement of manual leg sequencing. 


Published in ETSO.DevP.08 from 29.5.2007 to 19.6.2007. 


CRD document: CRD DevP08 


ETSO-C129a#9 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A Section 3.2.2.4.j(2) and enable the approach alert at 
50 NM from the destination airport vs. the requirement of alerting at 30 NM. 


Use a two step operation to select the approach mode after the alert message has been 
received if not displaying the typically selected NAV page. 


Published in ETSO.DevP.08 from 29.5.2007 to 19.6.2007. 


CRD document: CRD DevP08 


ETSO-C129a#10 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A Section 3.1.2.1 table 3-2 and use the interference levels 
as specified by RTCA DO-229C Appendix C. 


Published in ETSO.DevP.08 from 29.5.2007 to 19.6.2007. 
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CRD document: CRD DevP08 


ETSO-C129a#12 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A §3.1.1.1 “Sensitivity” within condition #1 while providing 
an equivalent level of safety: no operational conditions that lead to a search the sky 
acquisition failure and compliance with RTCA DO-208 (basis for TSO C129a.that is 
considered “technically similar” to ETSO C129a). FAA TSO C129a/RTCA DO-208 and 
EASA CS-ETSO C129a/EUROCAE ED-72A have been declared as providing an equal 
level of safety. 


Published in ETSO.DevP.39 from 22.6.2009 to 13.7.2009. 


No comments received. 


ETSO-C129a#13 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A 3.2.2.3.e, (3.2.3.2.e), and 5.6.11 and use RTCA DO-
229C appendix G as barometric altitude input requirements. 


Published in ETSO.DevP.50 from 26.7.2010 to 16.8.2010. 


No comments received. 


ETSO-C129a#14 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A 5.6.8.1 and use RTCA DO-229C section 2.5.9.3.2 as 
modified by appendix R.5.6 for the GPS simulation satellite geometry scenario for tightly 
integrated GPS/inertial systems.  


Published in ETSO.DevP.50 from 26.7.2010 to 16.8.2010. 


No comments received. 


ETSO-C129a#15 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A 5.6.8.3 and use RTCA DO-229C section 2.5.9.3.3 for 
Class Beta equipment as modified by appendix R.5.6 for the GPS simulation to verify the 
Missed Detection Probability scenario for tightly integrated GPS/inertial systems. 


Published in ETSO.DevP.50 from 26.7.2010 to 16.8.2010. 


No comments received. 


ETSO-C129a#16 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A 5.6.8.4 and use RTCA DO-229C section 2.5.9.4.2 as 
modified by appendix R.5.3 for the GPS simulation to verify the false alarm rate scenario 
for tightly integrated GPS/inertial systems. 


Published in ETSO.DevP.50 from 26.7.2010 to 16.8.2010. 


No comments received. 
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ETSO-C129a#17 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A 5.6.9 and use RTCA DO-229C section 2.5.9.5 as 
modified by appendix R.5.7 for the on-line bench tests scenario for tightly integrated 
GPS/inertial systems. 


Published in ETSO.DevP.50 from 26.7.2010 to 16.8.2010. 


No comments received. 


ETSO-C129a#18 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A 5.6.8.2 and use RTCA DO-229C appendix R R.4.1 for 
the pseudo range error model scenario (SA-on case) in conjunction with a different model 
for the SA-off case for tightly integrated GPS/inertial systems. 


Published in ETSO.DevP.50 from 26.7.2010 to 16.8.2010. 


No comments received. 


ETSO-C129a#19 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 


Deviate from EUROCAE ED-72A 3.2.3.1 and 5.6.6 and use RTCA DO-229C appendix R  
section R.2.1.1, R.5.4, and R.5.5 to define 2D position accuracy criteria scenario for Class 
B or C tightly integrated GPS/inertial systems. 


Published in ETSO.DevP.50 from 26.7.2010 to 16.8.2010. 


No comments received. 


ETSO-C135#1 – Deviation Request for CS-ETSO ETSO-C135 applicable to Transport 
Aeroplane Wheels and Brake Assemblies 


Deviate from ETSO-C135 § 3.2.2.2 for interference occurring between brake and tyre 
before the combined limit loads were reached. The deviation is granted with limitations 
stated on the ETSO Authorisation. Moreover, this deviation would then be usable by other 
applicants, if they could substantiate their specific case with relevant data and when 
supported by the applicable aircraft manufacturer. 


Published in ETSO.DevP.07 from 23.04.2007 to 11.05.2007. 


CRD document: CRD DevP07. 


ETSO-C135#2 – Deviation Request for CS-ETSO ETSO-C135 applicable to Transport 
Aeroplane Wheels and Brake Assemblies 


Deviate from ETSO-C135 § 3.3.3.3 for starting the accelerate--stop test with a starting 
heat sink temperature of 340°F. This initial stator temperature corresponds to 9.7% RTO 
K.E. only instead of 10 percent KERT when no analysis is used to substantiate the 
starting value. Even though the initial stator temperature was lower than required, the total 
kinetic energy that was absorbed during the test was higher than required and 
performance margins were demonstrated both during the new brake and the worn brake 
accelerate - stop test. This deviation is an initial condition deviation which does not impact 
the design compliance with ETSO-C135 requirements. 


Published in ETSO.DevP.22 from 27.8.2008 to 18.9.2008. 


No comments were received. 
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ETSO-C144#1 – Airborne Global Positioning System Antenna 


Deviate from RTCA/DO-228 §2.2.2.1 “Preamplifier Gain and Noise Figure” and use a 
different preamplifier gain. This deviation was accepted for a dedicated antenna in 
conjunction with a limitation to use the antenna only in combination with compatible GPS 
receivers.  


Published in ETSO.DevP.09 from 22.06.2007 to 18.07.2007. 


No comments were received. 


ETSO-C145#1 – Airborne Navigation Sensors using the GPS augmented by WAAS 


Deviate from ETSO-C145 to use RTCA DO-229C (as required in FAA TSO-C145a) 
instead of RTCA DO-229A. 


Published in ETSO.DevP.10 from 22.6.2007 to 20.7.2007. 


CRD document: CRD DevP10 


ETSO-C145#2 Airborne Navigation Sensors using the GPS augmented by WAAS 


Deviate from RTCA DO-229C, Paragraph “2.5.9: Integrity Monitoring Test Procedures” by 
using an alternate method. 


Published in ETSO.DevP.10 from 22.6.2007 to 20.7.2007. 


CRD document: CRD DevP10 


ETSO-C145#3 – Airborne Navigation Sensors using the GPS augmented by WAAS 


Deviate from RTCA DO-229C, Paragraph 2.5.4, Initial Acquisition Time, and use the test 
procedures defined in the draft of DO-229D RTCA Paper 093-06/SC-159-939. 


Published in ETSO.DevP.10 from 22.6.2007 to 20.7.2007. 


CRD document: CRD DevP10 


ETSO-C145#4 – Airborne Navigation Sensors using the GPS augmented by WAAS 


Deviate from RTCA DO-229C, Paragraph 2.5.6, Satellite Reacquisition Test, and use the 
test procedures defined in draft of DO-229D RTCA Paper 093-06/SC-159-939. 


Published in ETSO.DevP.10 from 22.6.2007 to 20.7.2007. 


CRD document: CRD DevP10 


ETSO-C145#5 – Airborne Navigation Sensors using the GPS augmented by WAAS 


Deviate from RTCA DO-229C, Paragraph 2.1.4.2.2.4: Wide Area Augmentation System 
(WAAS) Precision Approach (PA) RAIM Availability for Vertical Alert Limit (VAL) of 15m 
and use 25 m instead. 


Published in ETSO.DevP.10 from 22.6.2007 to 20.7.2007. 


CRD document: CRD DevP10 


ETSO-C145#6 – Airborne Navigation Sensors using the GPS augmented by WAAS 


Deviate from RTCA DO-229C, paragraph 2.5.9: RAIM Test Procedures with Selective 
Availability (SA) Off and use the test procedures of draft version of DO-229D (RTCA 
Paper 093-06lSC-159-939) instead. 


Published in ETSO.DevP.10 from 22.6.2007 to 20.7.2007. 


CRD document: CRD DevP10 
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ETSO-C145#7 – Airborne Navigation Sensors using the GPS augmented by WAAS 


Deviate from RTCA DO-229C paragraph 2.5.8, Accuracy Test, and use the test 
procedures defined in draft of DO-229D, RTCA Paper 093-06/SC-159-939 instead. 


Published in ETSO.DevP.10 from 22.6.2007 to 20.7.2007. 


CRD document: CRD DevP10 


ETSO-C145#8 Airborne Navigation Sensors using the GPS augmented by WAAS 


Deviate from ETSO-C145 to use RTCA DO-229D (as required in FAA TSO-C145b) 
instead of RTCA DO-229A. 


Published in ETSO.DevP.31 from 12.12.2008 to 06.01.2009. 


No Comments received. 


ETSO-C146#1 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from ETSO-C146 3.1.1 to use RTCA DO-229C instead of RTCA DO-229B. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C146#2 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from ETSO-C146 to modify the requirement 2.2.1.1.4.3 in RTCA/DO-229C which 
states, "They [all displays] shall be fully readable up to a vertical viewing angle of 20 
degrees from normal to the face of the display screen."  This deviation uses a 10 degree 
vertical viewing angle below the lower display edge.  DO-229C makes no distinction 
between upper and lower display edges for the requirement of a 20 degree vertical 
viewing angle. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C146#3 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from ETSO-C146 to modify the requirement 2.2.1.4.9.c in RTCA/DO-229C which 
states, "BRG to or from a VOR: The bearing is based on the true-to-magnetic conversion 
at the waypoint location, using the same magnetic conversion as used to define the path.” 
This conversion is based upon the present aircraft location instead, which is how other 
waypoint’s magnetic variation is computed. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C146#4 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from ETSO-C146 to eliminate the requirement 2.2.4.2.3 in RTCA/DO-229C which 
states, "If the aircraft is past the FPAP - (length offset), and the pilot has not already 
activated the missed approach, the receiver shall automatically transition to missed 
approach guidance.” This requirement is being eliminated in DO-229D. 
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Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C146#5 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from ETSO-C146 to modify the requirements 2.2.4.6.4 and 2.2.5.6.4 in 
RTCA/DO-229C, pertaining to the low altitude alerting function. The TAWS capabilities of 
the aircraft shall be used if available. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007. 


CRD document: CRD DevP02. 


ETSO-C146#6 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from ETSO-C146 to modify the requirement 2.2.1.1.6 in RTCA/DO-229C states: 
"If a function is implemented as a discrete action, the equipment shall use the labels or 
messages in the Table".  The table (TABLE 2-5 LABELS AND MESSAGES), states that 
the function “Indication that there is a message” shall be labeled as “MSG” or “M”.  Instead 
the terms “ADVISORY” and “ALERTS” in addition to “MSG” may be used depending upon 
the aircraft message convention. 


Published in ETSO.DevP.02 from 26.2.2007 to 16.3.2007.  


CRD document: CRD DevP02. 


ETSO-C146#7 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from RTCA DO-229C § 2.2.1.2.3 and stop operation if a data base error has been 
determined. The consequences of data base failures are not transparent and for safety 
reasons the system operation is stopped.  


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C146#8 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


RTCA DO-229C § 2.2.1.4.4 requires displaying the bearing in true or magnetic bearing as 
selected. Only magnetic bearing is provided.  


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C146#9 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


RTCA DO-229C § 2.2.1.4.5.3 requires the track angle error to be displayed with 1° 
resolution. No numerical display will be provided. Instead, the aircraft track is displayed on 
the primary flight display with a track marker (green diamond) and by the position of the 
flight path marker.  Desired track is shown on the primary flight display with a waypoint 
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bearing marker (magenta waypoint star) and a perspective, highway-in-the-sky path 
depiction.   


Aircraft track is displayed on the navigation display with a track marker (green diamond) 
and lubber line (segmented green line).  Desired track is shown on the navigation display 
with a waypoint bearing marker (magenta waypoint star) and a depiction of the flight plan 
route with active leg shown in magenta and other legs shown in white.   


The displays provide a superior method for the pilot to understand the relationship 
between aircraft track and desired track and offer an equivalent level of safety to a 
numerical display of track angle error. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C146#10 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


DO-229C § 2.2.2.4.3 requires in oceanic/remote, en route, or terminal mode to provide 
either a display or electrical output of cross-track deviation with a range of at least ± 20 
nm (left and right). DO-229C § 2.2.3.4.3 requires in non-precision approach mode to 
provide either a display or electrical output of cross-track deviation with a range of at least 
± 9.99 nm (left and right). 


No numeric cross-track deviation display shall be provided. Instead, the aircraft 
relationship to the desired track is graphically shown on the navigation display.   


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C146#11 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


DO-229C § 2.2.3.4.3 requires in non-precision approach mode either a display or 
electrical output of cross-track deviation with a range of at least ± 9.99 nm (left and right). 
Instead a "skyway” and other perspective symbols in lieu of a vertical deviation indicator 
are used.   


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C146#12 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


DO-229C § 2.2.3.3.4(c), 2.2.4.4.4  non-numeric vertical deviation display: Instead of a 
vertical deviation indicator a "skyway” and other perspective symbols are used. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C146#13 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


DO-229C § 2.2.3.4.4, 2.2.3.4.5 Instead displaying the distance to the Missed Approach 
Waypoint (MAWP) and the bearing to the MAWP, the aircraft relationship to the MAWP is 
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graphically shown on the navigation display. For the use of a moving map, no deviation 
request is necessary. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C146#14 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from RTCA/DO-229C 2.2.1.4.1 Table 2-5 requiring access to primary navigation 
display with a label “NAV” and do not provide such button.  


Published in ETSO.DevP.18 from 5.11.2007 to 26.11.2007. 


No Comments received. 


ETSO-C146#15 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Delete the requirement 2.2.3.2.2 in RTCA/DO-229C which states, "The equipment shall 
allow the pilot to initiate the missed approach with manual action. It shall be possible to 
take this action before crossing the MAWP (Missed Approach Waypoint), in which case 
the equipment shall automatically initiate the missed approach procedure at the MAWP”  


Published in ETSO.DevP.18 from 5.11.2007 to 26.11.2007. 


One comment received. See CRD Dev.P18. 


ETSO-C146#16 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from RTCA DO-229C to modify the requirements 2.1.1.9 to allow the unit up to 20 
seconds (instead of 10 seconds) to reacquire a dropped satellite under the conditions 
described in the paragraph.   


Published in ETSO.DevP.18 from 5.11.2007 to 26.11.2007. 


No Comments received. 


ETSO-C146#17 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from DO-229C paragraphs 2.1.1.10, 2.1.1.7, 2.1.1.8.1, 2.1.1.8.2, 2.1.1.9, 2.1.2.1, 
2.1.3.1, 2.1.4.1.4, 2.1.4.1.5 and 2.1.5.1 to allow: 


1. The ability to use antennas that may not meet the minimum gain performance 
requirements of DO-228. 


2. The ability to mitigate the effects of the different gain characteristics of those 
antennas by increasing the effective mask angle through operational limitations. 


3. The ability to further increase the effective mask angle, through operational 
limitations, to a level commensurate with test conditions used in the original TSO 
qualification tests. 


4. The ability to use -128 dBmic as the minimum GPS satellite signal-in-space for the 
purpose of assessing the operational limitation. 
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5. The ability to use -128 dBmic as the minimum SBAS satellite signal-in-space for 
the purpose of assessing the operational limitation. 


Depending on the system configuration selected, an operational limitation may be 
necessary to reach an Equivalent Level of Safety during the installation. 


Published in ETSO.DevP.19 from 28.4.2008 to 20.5.2008. 


One comment received. See CRD Dev.P19 


Remark: This deviation should not be used for new designs. 


ETSO-C146#18 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from ETSO-C146 3.1.1 and use RTCA DO-229D instead of DO-229B as 
Minimum Performance Standard. 


Published in ETSO.DevP.25 from 16.9.2008 to 10.10.2008. 


No Comments received. 


ETSO-C146#21 – Stand-Alone Airborne Navigation Equipment using the Global 
Positioning System (GPS) Augmented by the Wide Area Augmentation System 
(WAAS) 


Deviate from RTCA DO-229D 2.2.1.1.4.3 and allow the use of other viewing angles e.g. 
10 degree maximum vertical viewing angle above the upper display edge, identified as 
limitation in the installation manual. 


Published in ETSO.DevP.33 from 26.02.2009 to 19.03.2009. 


No Comments received. 


ETSO-C147#1–Traffic Advisory System (TAS) Airborne Equipment 


Deviate from RTCA DO-197A section 2.2.9.1 to realize the bearing estimation function 
using a direction finding antenna augmented by tracked correlated ADS-B data (hybrid 
surveillance). 


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C147#2–Traffic Advisory System (TAS) Airborne Equipment 


Deviate from RTCA DO-197A section 2.2.11 to use the suppression pulse on the aircraft 
suppression bus specified by RTCA DO-185A section 2.2.3.12 (70 +/-1 µs from top 
antenna and 90 +/-1 µs from bottom antenna) instead of 100 +/-5 µs. 


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C147#3 –Traffic Advisory System (TAS) Airborne Equipment 


Deviate from ETSO-C147 Appendix 1 section 1.6 and use selective Mode S interrogations 
to limit the interference. 


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C147#4–Traffic Advisory System (TAS) Airborne Equipment 


Deviate from RTCA DO-197A section 2.2.3.2.1 to use the Interrogations Spectrum 
requirement of RTCA DO-185A section 2.2.3.3 for Mode S interrogations. 
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Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C147#5–Traffic Advisory System (TAS) Airborne Equipment 


Deviate from RTCA DO-197A section 2.2.3.5 to use the “Mode C Only All-Call” format 
specified by RTCA DO-185A section 2.2.3.8.1 instead of the “Mode C” format for 
interrogations. 


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C147#6 – Traffic Advisory System (TAS) Airborne Equipment 


Deviate from ETSO-C147 Appendix 1 paragraph 3.1.1 and show only the warning with the 
higher priority in case of multiple warnings are applicable simultaneously. 


Published in ETSO.DevP.62a from 02.05.2011 to 23.05.2011. 


No comment received. 


ETSO-C151a#1 – Terrain Awareness and Warning System (TAWS) 


ETSO-C151a App. 1 § 3.3.e states, “If a two tone sweep is used to comply with RTCA 
Document No. DO-161A, paragraph 2.3, the complete cycle of two tone sweeps plus 
annunciations may be extended from “1.4” to “2” seconds. 


No “Whoop-Whoop” tone is provided.  


The provision of a “Whoop-Whoop” tone is not required by Appendix 1 of ETSO-C151a, 
per the “if…used to comply” statement.  In addition, the voice alerts specified in DO-161A 
conflict with those specified in ETSO-C151a.  Applicant proposes the aural and visual 
alerts in the following table to comply with the requirements of the ETSO.  These alerts 
are based upon the alerts in the ETSO and offer an equivalent level of safety to the alerts 
specified in DO-161A. 


Caution Warning Alert Type 
Visual Aural Visual Aural 


FLTA “TERRAIN” “Caution, Terrain; 
Caution, Terrain” 


“PULL UP” “Terrain, Terrain; Pull 
Up, Pull Up” 


PDA “TOO LOW” “Too Low Terrain”   
GPWS Mode 1 “SINK RATE” “Sink Rate” “PULL UP” “Pull Up, Pull Up” 
GPWS Mode 2 “TERRAIN” “Caution, Terrain; 


Caution, Terrain” 
“PULL UP” “Terrain, Terrain; Pull 


Up, Pull Up” 
GPWS Mode 3 “TOO LOW” “Too Low Terrain”   
GPWS Mode 4 “TOO LOW” “Too Low Terrain,” 


“Too Low Gear,” or 
“Too Low Flaps” 
depending upon 
aircraft speed and 
configuration 


  


GPWS Mode 5 “GLIDE SLOPE” “Glide Slope” “GLIDE SLOPE” “Glide Slope” 
500 Foot Wake-
Up 


 “Five Hundred”   


 
Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C151a#2 – Terrain Awareness and Warning System (TAWS) 


ETSO-C151a App. 1 § 4.7, § 4.9 Instead of providing multiple, selectable messages for 
certain alert conditions, a fixed set of alert messages is provided.  


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 
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ETSO-C151a#3 – Terrain Awareness and Warning System (TAWS) 


ETSO-C151a App. 1 § 10.2 and § 10.3 In the conditions for defining the Terminal or 
Approach Phase the decreasing range to nearest runway threshold is not used. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C151a#4 – Terrain Awareness and Warning System (TAWS) 


DO-161A § 2.1.2: Instead using purely the flaps to determine landing configuration the 
following criteria are used depending on aircraft type. 


Logic for Mode 2 envelope selections: 


Aircraft 
Type 


Mode 2A Mode 2B 


Airplane RG 
+ F 


Flaps NOT in landing 
configuration. 


Flaps in landing configuration. 


Airplane RG Landing Gear UP Landing Gear DOWN 
Airplane FG 
+ F 


Flaps NOT in landing 
configuration 


Flaps in landing configuration 


Airplane FG AGL Altitude > 500’ OR IAS > 
Note 1  


AGL Altitude < 500’ AND IAS < 
Note 1  


Rotorcraft 
RG 


Landing Gear UP Landing Gear DOWN 


Rotorcraft FG AGL Altitude > 200’ OR IAS > 
80KIAS 


AGL Altitude < 200’ AND IAS < 
80KIAS 


Notes: 
  RG + F  = Retractable Gear with Defined Landing Flaps Position 


  RG = Retractable Gear 
  FG + F = Fixed Gear with Defined Landing Flaps Position 
  FG = Fixed Gear 
  1.  Normal Landing Pattern Speed + 15KIAS 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C151a#5 – Terrain Awareness and Warning System (TAWS) 


DO-161A § 2.1.3: Instead basing the arming logic of Mode 3 upon flap configuration the 
logic is based upon mode-of-flight states.  


GPWS Mode 3 is armed by either being in ground mode (defined as indicated airspeed 
less than Vs (airplanes) / 40KIAS (rotorcraft) AND AGL altitude less than 75 feet) or by 
being on the first leg of a missed approach procedure (as determined by the FMS 
function) with distance to the active runway threshold increasing.  As proposed, GPWS 
Mode 3 is disarmed upon climbing through 700 feet AGL, travelling more than 6NM from 
the last point at which the ground mode existed (this will be near the lift-off point), or 
transitioning to the second leg of a missed approach procedure. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C151a#6 – Terrain Awareness and Warning System (TAWS) 


DO-161A § 2.1.4: For Mode 4 alerts the specific conditions are used: 


Aircraft 
Type 


Mode 4A Mode 4B 
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Airplane RG 
+ F 


Landing Gear 
UP 


Landing Gear UP OR Flaps not in landing 
configuration. 


Airplane RG Landing Gear 
UP 


Landing Gear UP 


Airplane FG 
+ F 


Not 
Applicable 


Flaps not in landing configuration 


Airplane FG Not 
Applicable 


Not Applicable  


Rotorcraft 
RG 


Landing Gear 
UP 


Not Applicable 


Rotorcraft FG Not 
Applicable 


Not Applicable 


Notes: RG + F  = Retractable Gear with Defined Landing Flaps Position 
 RG = Retractable Gear 
 FG + F = Fixed Gear with Defined Landing Flaps Position 


  FG = Fixed Gear 


Due to the aircraft type some modes are not applicable.  


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


CRD document CRD.DevP11. 


ETSO-C151a#7 – Terrain Awareness and Warning System (TAWS) 


DO-161A § 2.3.2 states, “The visual warning for Modes 1 through 4 shall be red and 
include, in distinctive letters, the letter GPWS (or other acceptable 
legend).” 


No red “GPWS” visual warning for Modes 1 through 4 will be provided. 


The visual alert specified in DO-161A conflicts with those specified in ETSO-C151a.  
Applicant proposes the aural and visual alerts in the following table to comply with the 
requirements of the TSO.  These alerts are based upon the alerts in the TSO. 


Caution Warning Alert Type 
Visual Aural Visual Aural 


FLTA “TERRAIN” “Caution, 
Terrain; Caution, 
Terrain” 


“PULL UP” “Terrain, Terrain; 
Pull Up, Pull Up” 


PDA “TOO LOW” “Too Low 
Terrain” 


  


GPWS 
Mode 1 


“SINK RATE” “Sink Rate” “PULL UP” “Pull Up, Pull 
Up” 


GPWS 
Mode 2 


“TERRAIN” “Caution, 
Terrain; Caution, 
Terrain” 


“PULL UP” “Terrain, Terrain; 
Pull Up, Pull Up” 


GPWS 
Mode 3 


“TOO LOW” “Too Low 
Terrain” 


  


GPWS 
Mode 4 


“TOO LOW” “Too Low 
Terrain,” “Too 
Low Gear,” or 
“Too Low Flaps” 
depending upon 
aircraft speed 
and 
configuration 


  


GPWS “GLIDE SLOPE” “Glide Slope” “GLIDE SLOPE” “Glide Slope” 
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Mode 5 
500 Foot 
Wake-Up 


 “Five Hundred”   


 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C151a#8 – Terrain Awareness and Warning System (TAWS) 


DO-161A § 2.6.4: Mode 5 shall be armed and disarmed based upon landing gear and flap 
position and various other detectable flight conditions. Mode 5 is armed when a valid 
glideslope signal is being received AND the aircraft’s 5 second filtered descending 
glidepath is greater than 1° AND the aircraft is below 1000 ft AGL. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C151a#9 – Terrain Awareness and Warning System (TAWS) 


DO-161A Appendix A envelope drawings for Modes 1, 2A, 3, 4 and 5: Use of terrain 
database derived AGL altitude when radar altitude is not available with a descent inhibit 
height of 100 feet instead of “Descent Inhibit Height” of 50 feet ± 10 feet. 


Published in ETSO.DevP.11 from 29.6.2007 to 20.7.2007. 


No Comments received. 


ETSO-C151b#1 - Terrain Awareness and Warning System (TAWS) 


Deviate from ETSO-C151b Section 4.2.a to remove the marking requirement  “… in Part 
21 Section A Subpart Q § 21A.807(a)(3), the date of manufacture must be used in lieu of 
the serial number.” 


Published in ETSO.DevP.26 from 30.10.2008 to 21.11.2008. 


No comment received. 


ETSO-C166a#1- Extended Squitter Automatic Dependent Surveillance – Broadcast 
(ADS-B) and Traffic Information Services (TIS-B) Equipment Operating on the Radio 
Frequency of 1090 MHz 


Deviate from ETSO-C166a, 4.2 and allow not marking the unit with the class information, 
which is instead provided in the installation and operation manual. 


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


One comment received. See CRD DevP35.  


ETSO-C166a#2 - Extended Squitter Automatic Dependent Surveillance – Broadcast 
(ADS-B) and Traffic Information Services (TIS-B) Equipment Operating on the Radio 
Frequency of 1090 MHz 


Deviate from RTCA DO-260A section 2.2.4.3.4.7.3.b and use alternate correction 
techniques as specified in DO-260A section 2.2.4.4.3.1. 


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C166a#3 - Extended Squitter Automatic Dependent Surveillance – Broadcast 
(ADS-B) and Traffic Information Services (TIS-B) Equipment Operating on the Radio 
Frequency of 1090 MHz 
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Deviate from RTCA DO-260A section 2.2.4.5.b and use alternate correction techniques as 
specified in DO-260A section 2.2.4.4.3.1. 


Published in ETSO.DevP.35 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C166a#4 Extended Squitter Automatic Dependent Surveillance – Broadcast 
(ADS-B) and Traffic Information Services (TIS-B) Equipment Operating on the Radio 
Frequency of 1090 MHz 


RTCA DO-260A, 2.2.3.2.3.7.3.1, 2.2.3.2.3.8.3.1, 2.2.3.2.4.7.3.1, 2.2.3.2.4.8.3.1 - When 
the latitude of the GPS position exceeds 87 degrees latitude North or South at any 
longitude (Polar Region), the ADS-B Transmitter shall encode the position as received 
from the GPS without extrapolating for latency or the required 200 ms updates. Instead 
the NACp is increased to 6 indicating a higher position uncertainty. A potential resulting 
ground speed limitation will be recorded in the DDP and on the ETSO certificate. 


Published in ETSO.DevP.43 from 20.11.2009 to 11.12.2009. 


CRD document CRD.DevP43. 


ETSO-C166a#5 Extended Squitter Automatic Dependent Surveillance – Broadcast 
(ADS-B) and Traffic Information Services (TIS-B) Equipment Operating on the Radio 
Frequency of 1090 MHz 


RTCA DO-260A 2.2.3.2.7.3.2.1: Implement the "TEST' Message with SUBTYPE=7, 
without a geographic filter for Mode A code transmission. See FAA letter published as 
amendment to TSO-C166a. 


Published in ETSO.DevP.43 from 20.11.2009 to 11.12.2009. 


No comment received. 


ETSO-C166a#6 Extended Squitter Automatic Dependent Surveillance – Broadcast 
(ADS-B) and Traffic Information Services (TIS-B) Equipment Operating on the Radio 
Frequency of 1090 MHz 


Deviate from ETSOC166a 3.1.1 and use EUROCAE ED-102A/RTCA DO-260B instead of 
DO-206A change 2 as the Minimum Performance Standard.  


Published in ETSO.DevP.47r1 from 16.04.2010 to 07.05.2010. 


No comment received. 


ETSO-2C514#1 Airborne Systems for Non Required Telecommunication Services 
(In Non Aeronautical Frequency Bands) (ASNRT) 


Deviate from ETSO-2C514, 3.1.2 and use EUROCAE ED-14D change 3/RTCA DO-160D 
change 3 instead of ED-14E/DO-160E as environmental test procedure. 


Published in ETSO.DevP.40 from 30.07.2009 to 21.08.2009. 


CRD document CRD.DevP40. 


 


 


 


 


Comments Summary 


Comments received to ETSO.DevP.02, ETSO.DevP.03 have been of general nature and 
handed over to rulemaking for further consideration.  
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Revision History 


Rev. 0:  issued 4.4.2007 covers the deviation publication ETSO.DevP.02 and 
ETSO.DevP.03 


Rev. 1    issued 11.5.2007 covers the deviation publication ETSO.DevP.04 


Rev. 2    issued 22.5.2007 covers the deviation publication ETSO.DevP.07 


Rev. 3    issued 30.5.2007 corrected date for publication of ETSO.DevP.02 and inserted 
links to PDF files for ETSO.CRD in order to further generate PDF self-contained 
file for Web publication. 


Rev. 4 issued 22.6.2007 covers the deviation publication ETSO.DevP.05 ( 2C126 only) 
ETSO.DevP.06 and ETSO.Dev.P.08. 


Rev. 5 issued 06.09.2007 covers the deviation publications ETSO.DevP.09, 
ETSO.DevP.10, ETSO.DevP.11.  


Rev. 6 issued 29/10/2007 covers ETSO.DevP.05 second part, ETSO.DevP.13 


Rev. 7 issued 18/12/2007 covers ETSO.DevP.12 and ETSO.DevP.17 


Rev. 8 issued 29/04/2008 covers ETSO.DevP.18 including CRD DevP18. 
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ETSO.DevP.21 and ETSO.DevP.22. 
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Rev. 11 issued 23/03/2009 covers ETSO.DevP.10 second part, ETSO.DevP.27, 
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Rev. 12   issued 16/07/2009 covers ETSO.DevP.36, ETSO.DevP.38. 
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Rev. 17 issued 1.9.2011 covers ETSO.DevP.33 (partly), ETSO.DevP.59 including 
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		ETSO-C45a#1 – Manifold Pressure Instruments

		ETSO-C45a#2 – Manifold Pressure Instruments

		ETSO-C45a#3 – Manifold Pressure Instruments

		ETSO-C45a#3a – Manifold Pressure Instruments

		ETSO-C45a#4 – Manifold Pressure Instruments

		ETSO-C47#1 – Pressure Instruments – Fuel, Oil and Hydraulic (Reciprocating Engine Powered Aircraft)

		ETSO-C47#2 – Pressure Instruments – Fuel, Oil and Hydraulic (Reciprocating Engine Powered Aircraft)

		ETSO-C47#3 – Pressure Instruments – Fuel, Oil and Hydraulic (Reciprocating Engine Powered Aircraft)

		ETSO-C49b#1 – Electric Tachometer: Magnetic Drag (Indicator and Generator)

		ETSO-C49b#2 – Electric Tachometer: Magnetic Drag (Indicator and Generator)

		ETSO-C49b#3 – Electric Tachometer: Magnetic Drag (Indicator and Generator)

		ETSO-C49b#4 – Electric Tachometer: Magnetic Drag (Indicator and Generator)

		ETSO-C50c#1, - Audio Selector Panels and Amplifiers

		ETSO-C50c#2 – Audio Selector Panels and Amplifiers

		ETSO-C50c#3 – Audio Selector Panels and Amplifiers

		ETSO-C52b#1 – Flight Directors

		ETSO-C55#1 – Fuel and Oil Quantity Instruments (Reciprocating Engine Aircraft)

		ETSO-C55#2 – Fuel and Oil Quantity Instruments (Reciprocating Engine Aircraft)

		ETSO-C55#3 – Fuel and Oil Quantity Instruments (Reciprocating Engine Aircraft)

		ETSO-C55#4 – Fuel and Oil Quantity Instruments (Reciprocating Engine Aircraft)

		ETSO-C57a#1 – Headsets and Speakers

		ETSO-C57a#2 – Headsets and Speakers

		ETSO-C57a#3 – Headsets and Speakers

		ETSO-C58a#2 – Aircraft Microphones (Except Carbon)

		ETSO-C58a#3 – Aircraft Microphones (Except Carbon)

		ETSO-C58a#4 – Aircraft Microphones (Except Carbon)

		ETSO-C62d#1 – Aircraft Tyres

		Deviate from Appendix 1 §4.3 is requested for the requirement of 4 times rated pressure reduced to 3 times for retread tyres as per FAA AC145-4A paragraph 11d

		ETSO-C64a#1 - Oxygen Mask Assembly, Continuous Flow, Passenger

		ETSO-C64a#2 - Oxygen Mask Assembly, Continuous Flow, Passenger

		ETSO-C90c#1 – Cargo Pallets, nets, and containers

		ETSO-C95#1 - Mach Meters

		ETSO-C96a#1 – Anticollision Light Systems

		ETSO-C118#1 – Traffic Alert and Collision Avoidance System (TCAS) Airborne Equipment, TCAS I

		ETSO-C119b#2 – Traffic alert and collision avoidance system (TCAS) airborne equipment, TCAS II 

		ETSO-2C126#1 – 406 MHz Emergency Locator Transmitter (ELT), ED-62 3.2.1.1

		ETSO-2C126#2 – 406 MHz Emergency Locator Transmitter (ELT), ED-62 3.1

		ETSO-C129a#1 – Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

		ETSO-C129a#2 – Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

		ETSO-C129a#3 – Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

		ETSO-C129a#4 – Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

		ETSO-C129a#5 – Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

		ETSO-C129a#6 – Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

		ETSO-C129a#7 – Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

		ETSO-C129a#8 – Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

		ETSO-C129a#9 – Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

		ETSO-C144#1 – Airborne Global Positioning System Antenna

		ETSO-C145#1 – Airborne Navigation Sensors using the GPS augmented by WAAS

		ETSO-C145#2 Airborne Navigation Sensors using the GPS augmented by WAAS

		ETSO-C145#3 – Airborne Navigation Sensors using the GPS augmented by WAAS

		ETSO-C145#4 – Airborne Navigation Sensors using the GPS augmented by WAAS

		ETSO-C145#5 – Airborne Navigation Sensors using the GPS augmented by WAAS

		ETSO-C145#6 – Airborne Navigation Sensors using the GPS augmented by WAAS

		ETSO-C145#7 – Airborne Navigation Sensors using the GPS augmented by WAAS

		ETSO-C145#8 Airborne Navigation Sensors using the GPS augmented by WAAS

		ETSO-C146#1 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#2 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#3 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#4 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#5 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#6 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#7 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#8 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#9 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#10 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#11 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#12 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#13 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#14 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#15 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#16 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#17 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)

		ETSO-C146#18 – Stand-Alone Airborne Navigation Equipment using the Global Positioning System (GPS) Augmented by the Wide Area Augmentation System (WAAS)












  
Deviations requests #18 for an ETSO approval for CS-ETSO applicable to  
an Anticollision Light (ETSO-96a) and GPS-WAAS Receiver (ETSO-C146) 



Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C96a#1 – Anticollision Light Systems 
Deviate from ETSO-C96a 3.1.1 and use SAE document AS 8017B instead of AS 8017 
as the minimum requirement standard. 
 
Industry: ELOS (Equivalent Level of Safety) is provided by use of later revision of the 
requirement document. 
EASA: We agree to use the updated standard.  



 



3. ETSO-C146a – STAND-ALONE AIRBORNE NAVIGATION EQUIPMENT 
USING THE GLOBAL POSITIONING SYSTEM (GPS) AUGMENTED BY THE 
WIDE AREA AUGMENTATION SYSTEM (WAAS) 



ETSO-C146#14 
Deviate from RTCA/DO-229C 2.2.1.4.1 Table 2-5 requiring access to primary navigation 
display with a label “NAV” and do not provide such button.  



Industry: The equipment does not have a key with this nomenclature. Equivalent Level 
of Safety is provided by the unit’s default mode of operation, which is navigation mode.  
A second press of any function key will return the unit to navigation mode. 



EASA: We agree to the deviation in those cases having a standard navigation mode. 



 
ETSO-C146#15 
Delete the requirement 2.2.3.2.2 in RTCA/DO-229C which states, "The equipment shall 
allow the pilot to initiate the missed approach with manual action. It shall be possible to 
take this action before crossing the MAWP (Missed Approach Waypoint), in which case 
the equipment shall automatically initiate the missed approach procedure at the MAWP”  



Industry: Since the ETSO does not require CA (Course Acquisition) legs to be 
implemented and the equipment does not support CA legs, it is believed that safety is 
improved by not implementing this requirement for the following reasons: 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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1.  Allowing the pilot to “arm" and initiate the missed approach procedure automatically at 
the MAP (Missed Approach Point) cannot be achieved for missed approaches which 
begin with a CA leg. 



2.  Current operation of similar equipment requires pilots to press the OBS (Omni-
Bearing Selector) key to remove the suspense state of the unit once they have crossed 
the MAP. This is done to provide pilot control and initiation of the missed approach 
guidance that can be supported. With 97% of the missed approaches beginning with a 
CA leg, providing a method to arm and initiate missed approaches at the MAP, thereby 
skipping to the subsequent leg could result in inappropriate guidance, such as if a DF 
(Direct-To Fix) leg follows the CA leg, which could turn the pilot back to the holding 
waypoint too early and too low. 



3.  By providing a new procedure option to allow for arming missed approach prior to the 
MAP, an inconsistency in operation would be introduced for those pilots that choose to 
activate the missed approach procedure prior to the MAP. This additional menu item will 
in all likelihood, leave pilots wondering when they select it and find that their unit still 
suspends at the MAWP most of the time.  Pilots could choose to ignore the feature but it 
is still there. Industry believes that not adding the feature is preferable to introducing a 
feature that operates inconsistently depending on the selected approach. 



EASA: As P-RNAV does not require CA leg computation we accept the presented 
arguments. 



 
ETSO-C146#16 
Deviate from RTCA DO-229C to modify the requirements 2.1.1.9 to allow the unit up to 
20 seconds (instead of 10 seconds) to reacquire a dropped satellite under the conditions 
described in the paragraph.   



Industry: Equivalent Level of Safety is provided by the adequate level of safety of 20 
seconds as it is the time period specified by the newer DO-229D. 



EASA: We accept the newer agreed requirement 
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Deviations requests #19 for an ETSO approval for CS-ETSO applicable to  



GPS-WAAS Receiver (ETSO-C146), Fuel Flowmeters (ETSO-C44b), and Stall 
Warning Instruments (ETSO-C54) 



Consultation Paper 



1. Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



2. ETSO-C146 – STAND-ALONE AIRBORNE NAVIGATION EQUIPMENT USING 
THE GLOBAL POSITIONING SYSTEM (GPS) AUGMENTED BY THE WIDE 
AREA AUGMENTATION SYSTEM (WAAS) 



 



ETSO-C146#17 
 
Deviate from DO-229C paragraphs 2.1.1.10, 2.1.1.7, 2.1.1.8.1, 2.1.1.8.2, 2.1.1.9, 2.1.2.1, 
2.1.3.1, 2.1.4.1.4, 2.1.4.1.5 and 2.1.5.1 in the form of an operational; limitation to achieve 
an equivalent level of safety. The operational limitation is based on: 
 



1. The ability to use antennas that may not meet the minimum gain performance 
requirements of DO-228. 



2. The ability to mitigate the effects of the different gain characteristics of those 
antennas by increasing the effective mask angle through operational limitations. 



3. The ability to further increase the effective mask angle, through operational 
limitations, to a level commensurate with test conditions used in the original TSO 
qualification tests. 



4. The ability to use -128 dBmic as the minimum GPS satellite signal-in-space for 
the purpose of assessing the operational limitation. 



5. The ability to use -128 dBmic as the minimum SBAS satellite signal-in-space for 
the purpose of assessing the operational limitation. 



Industry: RTCA/DO-229C (hereafter referred to as DO-229C) defines requirements for 
satellite initial acquisition, satellite reacquisition, and accuracy under specific interference 
and minimum signal conditions. There is the potential to inadvertently misinterpret the 
definition of the standard test signals and simulator requirements in DO-229C section 
2.5. Specifically, a note in section 2.5 paragraph c.(2) states:  
“Note: The signal power can be increased to maintain the same C/N0 as would occur with 
the background thermal noise density specified in Section 2.1.1.10.” 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 



Comment [VR1]: Unless this 
statement is necessary for the 
deviation, I recommend we 
remove it.  



Deleted: This operational 
limitation applies to several 
Garmin WAAS receivers with 
GPS software version 2.40 or 
earlier, or installations with 
certain models of GPS/WAAS 
antennas identified in the 
respective installation manual. 
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By error this note was interpreted to mean that only the satellite signal power used in the 
tests needed to be increased by the difference between the background thermal noise 
density and ambient thermal noise. However, this interpretation is incorrect, because the 
external broadband interference also needs to be increased by the same amount to 
maintain the same C/N0 value.  
 
In the worst case, a combination of aircraft and satellite motion would result in one or 
more satellites dropping below the equipment’s effective mask angle so that there are 
not sufficient satellites remaining to provide a valid position with the required integrity. In 
this event, the loss of function will be clearly annunciated to the pilot as a loss of integrity 
(LOI) or a loss of navigation, so there is no unannunciated malfunction.  
 
Since the expected effective mask angle of the equipment is higher than the five degrees 
required by DO-229C, the likelihood of such an event is increased compared to fully 
ETSO-compliant equipment. The expected mask angle depends on the specific antenna 
performance. To account for the reduced antenna mask angle a specific RAIM prediction 
program dedicated to the antenna/receiver combination and accounting for the effects is 
to be used. 
 
The following operational limitations apply to mitigate the non-compliance. The AFM 
includes the following statement: 
 
This equipment does not comply with requirements for ETSO-C145/ETSO-C146 
equipment. Until complete compliance is demonstrated and approved, authorization to 
conduct any GPS or WAAS operation under Instrument Flight Rules (IFR) requires that:  



1) Aircraft using the GPS or WAAS capability of the <insert equipment model> 
navigation equipment under IFR must be equipped with an approved and 
operational alternate means of navigation appropriate to the flight with the 
exception of oceanic and remote operations. 



2) For flight planning purposes, if an alternate airport is required, it must have an 
approved instrument approach procedure other than GPS or RNAV that is 
anticipated to be operational and available at the estimated time of arrival. All 
equipment required for this procedure must be installed and operational.  



3) For flight planning purposes, Prediction Program <insert Prediction Program part 
number applicable to installed antenna> with the <insert installed antenna part 
number> antenna selection should be used to confirm the availability of RAIM for 
the intended flight in accordance with the local aviation authority guidelines for 
ETSO-C129a equipment. WAAS NOTAMs (or their absence) and generic 
prediction tools do not provide an acceptable indication of the availability for the 
<insert equipment model> equipment. 



4) When flight planning an LNAV/VNAV or LPV approach, operators should use the 
specific prediction program <insert Prediction Program part number applicable to 
installed antenna> with the <insert installed antenna part number> antenna 
selection in addition to any NOTAMs issued for the approach. 



 
The analysis showed that no unannunciated malfunctions can occur. With the 
operational limitations in place the pilot is aware of the reduced equipment performance. 
Based on the currently high number of operational satellites he may even not determine 
the reduced performance. The adopted RAIM prediction program allows continuing 
oceanic remote operation. 
 
Industry is seeking for this deviation allowing operational use of existing units. 



Deleted: Subsequent analysis 
based on the proper 
interpretation of the DO-229C 
test procedures revealed that 
the Satellite Initial Acquisition, 
Satellite Reacquisition, and 
Accuracy tests did not use the 
correct minimum signal and 
interference conditions. 
Additionally, subsequent 
informal testing with the proper 
interpretation resulted in 
failures of the Satellite Initial 
Acquisition and Satellite 
Reacquisition tests. ¶
¶
Based on the C/N0 values from 
the ETSO qualification tests 
and the measured antenna 
performance, the installed 
system would be expected to 
have difficulty acquiring 
satellites below 25 degrees of 
elevation (worst case) for 
specific combinations of the 
GPS antenna and the 
receivers. This would reduce 
the overall availability and 
increase the likelihood of loss 
of function as compared to fully 
ETSO-compliant equipment. ¶
¶



Comment [VR2]:   Although 
items 1-5 above do not give the 
background or reason why the 
deviation is requested, or what 
error occurred that caused the 
deviation request, it does state the 
deviation.  Typically in other 
cases we have not listed the 
background and errors that 
precipitated a deviation request.  
 
The topic is complex but I wonder 
if this information is necessary 
and helpful  to the deviation 
request. 



Comment [FRU3]: Why is no 
action needed for remote 
operation where the navigation is 
based mainly purely on GPS? 



Deleted: Garmin 



Deleted: P



Deleted: Program 



Comment [VR4]: This is not 
exactly correct. We have fixed the 
need for the deviation with 
WAAS SW 3.0 or later and by 
specifying what antenna’s must be 
used.  This change has TSO 
approval and STC approval.  We 
are trying to catch up with the 
EASA on the same thing.    



Deleted: It is intended to 
design a compliant solution in 
the long term but it is not clear 
if all problems can be solved 
for existing equipment. 
Consequently 



Deleted: the 
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EASA: We agree to this deviation as a means to overcome the misinterpretation of the 
requirements. New designed receivers should meet the requirements without using this 
deviation. 



 



3. ETSO-C44b – Fuel Flowmeters 



ETSO-C44b#5 
 
Deviate from SAE AS 407C 4.2.3 and allow the use of analog scales that have 
graduations that exceed 10% of full scale value when the analog scale is accompanied 
by a digital readout.  
 
Industry: The digital gauge readout has a resolution less than 10% of full scale and a 
pilot is immediately able to identify the actual fuel flow from the digital readout. The 
combination of analog scale and digital readout provides easy trend monitoring as well 
as identification of the current fuel flow. 
 
EASA: A similar concept of analog scale with limited graduations and digital readout had 
been accepted for other instruments already.  



4. ETSO-C54 – Stall Warning Instruments 



ETSO-C54b#1 
 
Deviate from ETSO-C54 3.1.2 to use DO-160D instead of SAE AS 403A as the 
Environmental Standard. 
 
Industry: Only one environmental standard should be applied to one box. For the 
display the environmental test conditions are well defined in RTCA DO-160D. 
 
EASA: A similar deviation has been accepted for other ETSOs as well. 
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Deviations requests #19 for an ETSO approval for CS-ETSO applicable to 
GPS-WAAS Receiver (ETSO-C146), Fuel Flowmeters (ETSO-C44b), and Stall Warning Instruments (ETSO-C54)



Consultation Paper




1. Introductory note




The hereby presented deviation requests shall be subject to public consultation, in accordance with EASA Management Board Decision No 7-2004
 products certification procedure dated 30 March 2004, Article 3 (2.) of which states:




“2. Deviations from the applicable airworthiness codes, environmental protection certification specifications and/or acceptable means of compliance with Part 21, as well as important special conditions and equivalent safety findings, shall be submitted to the panel of experts and be subject to a public consultation of at least 3 weeks, except if they have been previously agreed and published in the Official Publication of the Agency. The final decision shall be published in the Official Publication of the Agency.”




2. ETSO-C146 – STAND-ALONE AIRBORNE NAVIGATION EQUIPMENT USING THE GLOBAL POSITIONING SYSTEM (GPS) AUGMENTED BY THE WIDE AREA AUGMENTATION SYSTEM (WAAS)



ETSO-C146#17




Deviate from DO-229C paragraphs 2.1.1.10, 2.1.1.7, 2.1.1.8.1, 2.1.1.8.2, 2.1.1.9, 2.1.2.1, 2.1.3.1, 2.1.4.1.4, 2.1.4.1.5 and 2.1.5.1 in the form of an operational; limitation to achieve an equivalent level of safety. The operational limitation is based on:



1. The ability to use antennas that may not meet the minimum gain performance requirements of DO-228.




2. The ability to mitigate the effects of the different gain characteristics of those antennas by increasing the effective mask angle through operational limitations.




3. The ability to further increase the effective mask angle, through operational limitations, to a level commensurate with test conditions used in the original TSO qualification tests.




4. The ability to use -128 dBmic as the minimum GPS satellite signal-in-space for the purpose of assessing the operational limitation.




5. The ability to use -128 dBmic as the minimum SBAS satellite signal-in-space for the purpose of assessing the operational limitation.




Industry: RTCA/DO-229C (hereafter referred to as DO-229C) defines requirements for satellite initial acquisition, satellite reacquisition, and accuracy under specific interference and minimum signal conditions. There is the potential to inadvertently misinterpret the definition of the standard test signals and simulator requirements in DO-229C section 2.5. Specifically, a note in section 2.5 paragraph c.(2) states: 




“Note: The signal power can be increased to maintain the same C/N0 as would occur with the background thermal noise density specified in Section 2.1.1.10.”



By error this note was interpreted to mean that only the satellite signal power used in the tests needed to be increased by the difference between the background thermal noise density and ambient thermal noise. However, this interpretation is incorrect, because the external broadband interference also needs to be increased by the same amount to maintain the same C/N0 value. 











In the worst case, a combination of aircraft and satellite motion would result in one or more satellites dropping below the equipment’s effective mask angle so that there are not sufficient satellites remaining to provide a valid position with the required integrity. In this event, the loss of function will be clearly annunciated to the pilot as a loss of integrity (LOI) or a loss of navigation, so there is no unannunciated malfunction. 



Since the expected effective mask angle of the equipment is higher than the five degrees required by DO-229C, the likelihood of such an event is increased compared to fully ETSO-compliant equipment. The expected mask angle depends on the specific antenna performance. To account for the reduced antenna mask angle a specific RAIM prediction program dedicated to the antenna/receiver combination and accounting for the effects is to be used.








The following operational limitations apply to mitigate the non-compliance. The AFM includes the following statement:




This equipment does not comply with requirements for ETSO-C145/ETSO-C146 equipment. Until complete compliance is demonstrated and approved, authorization to conduct any GPS or WAAS operation under Instrument Flight Rules (IFR) requires that: 




1) Aircraft using the GPS or WAAS capability of the <insert equipment model> navigation equipment under IFR must be equipped with an approved and operational alternate means of navigation appropriate to the flight with the exception of oceanic and remote operations.




2) For flight planning purposes, if an alternate airport is required, it must have an approved instrument approach procedure other than GPS or RNAV that is anticipated to be operational and available at the estimated time of arrival. All equipment required for this procedure must be installed and operational. 




3) For flight planning purposes, Prediction Program <insert Prediction Program part number applicable to installed antenna> with the <insert installed antenna part number> antenna selection should be used to confirm the availability of RAIM for the intended flight in accordance with the local aviation authority guidelines for ETSO-C129a equipment. WAAS NOTAMs (or their absence) and generic prediction tools do not provide an acceptable indication of the availability for the <insert equipment model> equipment.




4) When flight planning an LNAV/VNAV or LPV approach, operators should use the specific prediction program <insert Prediction Program part number applicable to installed antenna> with the <insert installed antenna part number> antenna selection in addition to any NOTAMs issued for the approach.




The analysis showed that no unannunciated malfunctions can occur. With the operational limitations in place the pilot is aware of the reduced equipment performance. Based on the currently high number of operational satellites he may even not determine the reduced performance. The adopted RAIM prediction program allows continuing oceanic remote operation.



Industry is seeking for this deviation allowing operational use of existing units.



EASA: We agree to this deviation as a means to overcome the misinterpretation of the requirements. New designed receivers should meet the requirements without using this deviation.



3. ETSO-C44b – Fuel Flowmeters



ETSO-C44b#5




Deviate from SAE AS 407C 4.2.3 and allow the use of analog scales that have graduations that exceed 10% of full scale value when the analog scale is accompanied by a digital readout. 




Industry: The digital gauge readout has a resolution less than 10% of full scale and a pilot is immediately able to identify the actual fuel flow from the digital readout. The combination of analog scale and digital readout provides easy trend monitoring as well as identification of the current fuel flow.




EASA: A similar concept of analog scale with limited graduations and digital readout had been accepted for other instruments already. 



4. ETSO-C54 – Stall Warning Instruments




ETSO-C54b#1




Deviate from ETSO-C54 3.1.2 to use DO-160D instead of SAE AS 403A as the Environmental Standard.




Industry: Only one environmental standard should be applied to one box. For the display the environmental test conditions are well defined in RTCA DO-160D.




EASA: A similar deviation has been accepted for other ETSOs as well.



� Cf. EASA Web: � HYPERLINK "http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf" ��http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf�









�Unless this statement is necessary for the deviation, I recommend we remove it. 




�  Although items 1-5 above do not give the background or reason why the deviation is requested, or what error occurred that caused the deviation request, it does state the deviation.  Typically in other cases we have not listed the background and errors that precipitated a deviation request. 









The topic is complex but I wonder if this information is necessary and helpful  to the deviation request.




�Why is no action needed for remote operation where the navigation is based mainly purely on GPS?




�This is not exactly correct. We have fixed the need for the deviation with WAAS SW 3.0 or later and by specifying what antenna’s must be used.  This change has TSO approval and STC approval.  We are trying to catch up with the EASA on the same thing.   
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Deviations requests #21 for an ETSO approval for CS-ETSO applicable to  



Airborne Automatic Direction Finding (ADF) Equipment (ETSO-2C41d)  
Consultation Paper 



1 Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2 ETSO-2C41d – Airborne Automatic Direction Finding (ADF) Equipment 



2.1 ETSO-2C41d #1 
 
Deviate from ED 51 § 3.10 Spurious Responses 



Requirement:  
ED 51 § 3.10 (DO-179 § 2.2.13) specifies that all spurious responses from 50 kHz to 
150 MHz, excluding the band from 10 kHz above to 10 kHz below the tuned frequency, 
shall be down at least 80 dB when the receiver is tuned anywhere in the frequency range 
of 190-850 kHz. 
 
Industry: 



When the ADF system receives strong signals it may happen that harmonics of that 
signal are generated internally within the antenna's electronic circuitry. This is due to the 
non-linearities found in the antenna's pre-amplifier.  (This phenomenon is common to 
broadband pre-amplifiers.)    



In the event the ADF receiver is tuned to one of those harmonics and considering the 
relatively high receiver sensitivity, those harmonics could be received as ghost 
transmitters.  Such responses in a receiver are referred to as Spurious Responses. 



For the case of spurious responses when the receiver is tuned anywhere in the 
frequency range 190-850 kHz, it is requested that the threshold for spurious responses 
be reduced from 80 dB down to 40 dB down for three discrete frequencies of 1/2, 1/3, 
and 1/4 of the tuned frequency. 
 
This deviation request is the result of a limitation in the ADF antenna pre-amplifier, as 
this amplifier is the first one in the system and any generated harmonics could be seen 
as valid signal by the following system. This problem occurs only if the tuned frequency 
is a harmonic of a received (strong) signal. Consequently the deviation is requested 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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specifically for sub-harmonics of the tuned frequency (1/2, 1/3, and 1/4 of the tuned 
frequency). 



Equivalent Level of Safety: 



The antenna is a design that has been used in conjunction with ADFs since its original 
certification in 1980.  Since that time, approximately 72,000 of these antennas have been 
shipped. 



No evidence of spurious response problems has come to manufacturer’s attention from 
the world’s aviation authorities, from user complaints, or from repair reports during the 
25+ years that that antenna has been in service. 



The probability for a related problem to occur is quite low due to the fact that only a small 
number of frequencies in comparison to the entire band, and very specific frequencies at 
that, can cause a problem. 



The deviation had been accepted by FAA. 



 
EASA: We accept this deviation based on the following: 
• The over all system performance relies on the selected antenna. In this system the 



specified antenna is an existing unit, having received approval already in the past. 
The antenna has sufficient service history in combination with other receivers. The 
deviation is granted for the combination of receiver and active antenna. 



• The described problem is limited to the use of the ADF itself and has no affect to 
other aircraft systems. 



• The probability for the problem to occur is agreed to be low, as a strong transmitter at 
a sub-harmonic of the tuned frequency must be near by. Consequently this kind of 
problems would occur systematically in a certain region and could have been 
identified. On the other hand the cause of some known problems may not have been 
identified or such problems have been accepted as a given. 



• Audio monitoring would allow identifying the occurrence of such disturbance. 
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Deviations requests #22 for an ETSO approval for CS-ETSO applicable to  
 TRANSPORT AEROPLANE WHEELS AND WHEEL AND BRAKE ASSEMBLIES 



 (ETSO-C135) 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



2. ETSO-C135 –TRANSPORT AEROPLANE WHEELS AND WHEEL AND 
BRAKE ASSEMBLIES 



 
ETSO-C135#2 
 
Deviate from. §3.3.3.3.: 
 
Requirement: (...) the starting heat sink temperature must be that resulting from 
the application of 10 percent KERT to the tyre, wheel and brake assembly, initially 
at not less than normal ambient temperature (59°F/15°C). 
 
Industry: A deviation is requested for the accelerate--stop test starting heat sink 
temperature, in the new brake configuration. 
The accelerate - stop test with the new brake was performed with a starting heat 
sink temperature of 340°F. This initial stator temperature corresponds to 9.7% 
RTO K.E. only. 
 
Substantiation: Even though the initial stator temperature was lower than 
required, this deviation does not question the design compatibility with the 
performance requirement. Indeed the total kinetic energy that was absorbed 
during the test is higher than required and performance margins have been 
demonstrated both during the new brake and the worn brake accelerate - stop 
test. 
The tables below provide the demonstrated heat sink loadings for both new and 
worn brake configuration, compared to the requirement in order to illustrate these 
margins: 
 



 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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In addition the test has evidenced thermal margin with more than 7 minutes to 
release the fuse plugs, and no tyre fire at any time of the cool down period. 
Therefore this deviation should be considered as an initial condition deviation 
which does not impact the design compliance with ETSO--C135 requirements. 
 
 



EASA: We accept the deviation as alternate means to meet the requirement. 
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Deviations requests #23 for an ETSO approval for CS-ETSO applicable to  



Air Data Computer (ETSO-C106)
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C106 – Air Data Computer (ADC) 
2.1 ETSO-C106 #2 
Deviate from AS8002 §9.2 f - ranges of altitude, airspeed and Mach. 
 
Requirement:  
Identification: 



The following information shall be legibly and permanently marked on the equipment or 
nameplate attached thereto: 



/…/ 



f. Range of altitude, airspeed and Mach. 



 
Industry: 
Deviation request to indicate, on the equipment label, the input pressures range (static 
and total pressures) instead of altitude and airspeed range. It is common practice on 
ADC units from this applicant to indicate the range of input sensors.  



Equivalent Level of Safety: 
Altitude, airspeed and Mach ranges are directly correlated with those pressure domains. 
Therefore, those two ways of marking are equivalent. 



EASA: We accept the deviation as alternate means to meet the requirement based on 
the following: 



• The proposed marking addresses the same objective since the units are 
mathematically correlated; 



• Although the standard marking is used by some applicants, this marking in 
pressures is also used by other applicants. 



• The installation manual also includes the marking requirements per SAE AS8002. 



2.2 ETSO-C106 #3 
                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 











 
Deviate from AS8002 §9.2 g - Aircraft model designation. 
 
Requirement:  
Identification: 



The following information shall be legibly and permanently marked on the equipment or 
nameplate attached thereto: 



/…/ 



g. Model designations of airplane (if a static pressure correction or other characteristics 
peculiar to a specific model are included). 
 
Industry: 
Deviation request not to indicate the aircraft model designation on the equipment label. 



Equivalent Level of Safety: 
The Air Data Unit can contain different configuration tables for up to eight aircraft. 
Selection of the proper configuration is made at installation level by pin programming 
(managed by the aircraft manufacturer). Therefore, it is not practicable to indicate the 
specific configuration on the unit label. 



 



EASA: We accept the deviation as alternate means to meet the requirement based on 
the following: 



• ETSO-C106 does not provide any mean to identify ADC units which can be 
configured; this issue is systematic with configurable units; 



• It is impracticable to appropriately list all combinations on the nameplate; 



• The installation manual clearly indicates the options to be selected to configure 
the unit. 
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Deviations request #24 for an ETSO approval for CS-ETSO 



applicable to an Aircraft Seat (ETSO-C39b) 



Introductory note 
The hereby presented Deviations request shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products 
certification procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted 
to the panel of experts and be subject to a public consultation of at least 3 weeks, 
except if they have been previously agreed and published in the Official Publication 
of the Agency. The final decision shall be published in the Official Publication of the 
Agency.” 



Identification of issue 
Geven S.R.L. submitted to EASA a deviation request against CS-ETSO-39b for 
their Passenger Seat P/N C5-03-()()()-()()(). The applicant is also seeking an 
approval for a related FAA TSO-LODA in accordance with TSO-C39c.  



ETSO-C39b is addressing aircraft seat and berths. 



 



Requirement 
ETSO-C39b paragraph 3.1.1: 



The proposed aircraft seats (or berth) shall be substantiated to the minimum 
performance standards set forth in NAS809. 
 



Industry 



Deviation request, dated July 28, 2008 – Aircraft Seats 



Deviating from ETSO-C39b paragraph 3.1.1 by meeting, instead of the 
requirements set forth in NAS 809 specification, the requirements contained in 
relevant paragraphs of SAE AS8049 Revision B which do correspond to the ones 
in SAE AS8049 Revision A as listed and modified by FAA TSO-C39c. 



 
Background: 



The FAA TSO-C39c refers to SAE standard AS8049 revision A, which contains 
extended (e.g. test in aft direction) and more stringent (e.g. seat deformation limits) 
requirements than ETSO-C39b. 
SAE standard AS8049 Rev. A was revised by SAE in January 2005 to Rev. B.  This 
up-dated version of AS8049 was not available at the time the FAA issued         
TSO-C39c (dated February 2004). 
 



 
 
                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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Equivalent Level of Safety: 



• ETSO-C39b is equivalent to the superseded FAA TSO-C39b with respect to 
technical requirements and differs only in the data to be provided by the 
applicant. 
FAA TSO-C39b was updated to its current issue “c” in February 2004 
referring to SAE AS8049 revision A as the applicable industry standard. This 
SAE standard contains more stringent and extended requirements than the 
previously used NAS809. 
The above substitution of industry standards was already accepted by EASA 
for FAA validation projects, where for existing ETSO-C39b authorizations 
equivalent FAA approvals (LODA) were sought in accordance with TSO-
C39c. 



• The revised paragraphs of AS8049 Revision A as listed in Section 3.a. of 
TSO-C39c are included in AS8049 Revision B. 



• Revision B of SAE AS8049 represents an up-dated version of this industry 
standard and is commonly regarded to be an improvement in certification of 
aircraft seats. Hence it provides at least the same level of safety than the 
previous Revision A. 



 



EASA: 
We accept the deviation as an alternate means to meet the requirement because: 



• SAE standard AS8049 Rev. A is already used in a more recent issue of the 
equivalent FAA TSO and by using the latest Revision B of that SAE standard 
an obvious improvement in safety of aircraft seats would be achieved.  



• Current SAE standard AS8049 Rev. B is used as the basic technical standard 
for certification of seats and their installation on CS part 25 aircraft.  
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Deviations requests ETSO.Dev.P025 for an ETSO approval for CS-ETSO applicable 



to  
the GPS-WAAS Receiver (ETSO-C146) 



Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C146 – STAND-ALONE AIRBORNE NAVIGATION EQUIPMENT USING 
THE GLOBAL POSITIONING SYSTEM (GPS) AUGMENTED BY THE WIDE 
AREA AUGMENTATION SYSTEM (WAAS) 



ETSO-C146#18 
 
Deviate from ETSO-C146 3.1.1 and use RTCA DO-229D instead of DO-229B as 
Minimum Performance Standard. 
 
Industry: 
RTCA DO-229D is the successor document to DO-229B and reflects the newest 
available system knowledge. 



EASA: We accept the deviation as alternate means to meet the requirement. The FAA 
has adopted that document in TSO-C146c.  



 
ETSO-C146#19 
Deviate from DO-229D 2.2.1.3.13 and allow Dead Reckoning capability to be limited to 
the time when proper position can be estimated. 



Requirement:  
The Dead Reckoning capability shall be active whenever no position can be obtained 
from GPS/SBAS. 
 
Industry:  
Industry believes that dead reckoned position degrades with time due to variance in 
heading and true airspeed measurements and the aging relevance of the last known 
wind component. An open ended reliance on this function would eventually provide 
misleading information to the pilot. 



Upon loss of previously valid GPS position data, industry proposes to provide a Dead 
Reckoning navigation solution for a period of 15 minutes from the time of loss of GPS 
position. The Dead Reckoned position would be based on projecting the previous GPS 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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position forward with heading, true airspeed, and last known wind. Upon time out of dead 
reckoning, GPS flight plan based navigation will be marked as invalid. If GPS was the 
selected course deviation indicator (CDI) source, then the course guidance will be 
flagged and the CDI datablock will be dashed. The moving map will remain centered on 
the last dead reckoned position, and would revert to North-Up orientation. The ownship 
symbol would be removed from the map display. Normal flight plan operation would be 
restored upon receipt of valid GPS data. 



The period of 15 minutes was chosen to allow time to navigate to the closest airport in 
most situations. The duration of dead reckoning is limited to a time frame in which the 
resulting position and navigation are useful, improving the level of safety over open-
ended dead reckoning as proposed in DO-229D. Since IFR equipped aircraft have 
multiple navigation systems, there are other navigation options available. Dual VLOC 
receivers allow VOR navigation to a destination and ILS capability at the destination 
without the aid of the (dual) GPS receivers. 



This deviation to the MPS provides a level of safety that is in accordance with the 
information required for safe continuation of flight. This deviation to limit the dead 
reckoning time was specifically requested by the FAA Multi-Pilot System Usability 
Evaluation (MPSUE) Team. 



EASA: We accept the deviation as alternate means to meet the requirement. 



 
ETSO-C146#20 
Deviate from DO-229D 2.2.1.1.6 and allow the use of other labels for defined functions 
than those specified by DO-229D table 2-6. 



Requirement:  
If a function is implemented as a discrete action, the equipment shall use the labels or 
messages in the Table 2-6. If several of the following functions are accomplished as a 
discrete action, one of the applicable labels in Table 2-6 shall be used (e.g., suspend 
automatic sequencing and accessing the ability to select a course to or from a waypoint 
would be labeled “DCRS”). 



Industry:  
EFIS system does not have dedicated controls for specific labels called out in DO-229D 
(reference section 2.2.1.1.6) for the individual GPS navigation functions, but provides an 
equivalent level of safety. The system uses a common flight deck approach to control 
labeling and access and as such, reduces the need for training on individual systems. It 
takes advantage of the system’s ability to use dynamic labels with more appropriate 
nomenclature for specific functions versus single nomenclature painted on a button that 
can be misinterpreted. 



 
DO-229D recommends the following: 
•  Assigning Enter (ENT) label to enter, confirm and acknowledge functions. 
•  Assigning Clear (CLR) label to Clear previous entry, no, and delete functions. 
•  Assigning Message (MSG) label to access to a message. 
•  Assigning Message (MSG, M) label to indicate that there is a message. 
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Using dynamic labels, the equipment assigns the most appropriate label to each 
function. 
•  Enter (ENT) label: Enter function is performed by pushing the Dual Concentric Knob 



(DCK) on the Flight Display Controller (FDC). The push function is labeled Activate or 
Select or Enter when appropriate. e.g. Activate label is used in flight plan to activate 
a leg and Select label is used when making a selection from a list of options. 



 
• Clear (CLR) label: With dynamic labels the equipment uses “Delete” and “Cancel” 



labels when appropriate. 
Delete: The Delete label is used in flight plan to delete a selected leg, selected 
procedure and selected item in saved flight plan. 
Cancel: Confirmation boxes are used when making a “yes” or “no” selection. “Cancel” 
is selected to imply no. 
“Back” button on Flight Display Controller (FDC) is used for cancellation of an 
operation and reverting to a previous step in a sequence of steps. 
 



•  Message (MSG) label to provide access to a message: The equipment integrates the 
Message (MSG) function into the Caution and Warning System (CAWS) messaging 
system. The equipment uses a “CAWS” hard key on the Flight Display Controller 
(FDC) to access messages which serves to provide a common access to all system 
messages. This ensures all Advisories, Cautions, and Warnings can be retrieved 
using one access point thereby reducing pilot workload and training. 



 
•  Message (MSG, M) label to indicate that there is a message: The equipment uses 



the annunciations of “WARNING”, “CAUTION” and “ADVISORY” to indicate that 
there is a message rather than Message (MSG, M). Messages are handled within the 
integrated Caution and Warning System (CAWS). 



 
All items included in this deviation request were included in the system evaluated by the 
FAA Multiple Pilot System User Evaluation (MPSUE) team. No findings regarding this 
labeling were noted during the evaluation. 



EASA: We accept the deviation as alternate means to meet the requirement. 
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Deviations requests ETSO.Dev.P026 for an ETSO approval for CS-ETSO applicable 



to Electronic Instruments (ETSO-C4c, C46a, C47, C49b, C95, C151b)  
and to CS-ETSO Subpart A  



Consultation Paper 
 



1. Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



2. CS-ETSO Subpart A 2.1 #2 



Deviate form CS-ETSO Subpart A paragraph 2.1 and use EUROCAE ED-14F/RTCA 
DO-160F instead of ED-14D/DO-160D change 3. 
 
Industry: 
One major update resulting to a new revision of the document was the instruction of 
requirements for an 270 VDC power system. In other sections the requirements have 
been partially redefined. The revision F of the document defines the most current 
consensus on environmental testing requirements.  
 
EASA:  
We accept the deviation as alternate means to meet the requirement.   



3. ETSO-C4c – Bank And Pitch Instruments 



ETSO-C4c#4 – Bank and Pitch Instruments 



Deviate from ETSO-C4c Section 4.1 to remove the marking requirement  “… the 
following information shall be legibly and permanently marked on the equipment: 
Nominal power input rating (electrical voltage and frequency, vacuum or air pressure)” 
 
Industry: 
The display of pitch and roll data is only one of many electronic display functions. The 
power requirements for the display are called out in the installation manual.   
 
EASA:  
We accept the deviation as alternate means to meet the requirement.   
 
 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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4. ETSO-C46a – Maximum Allowable Airspeed Indicator 



 
a)  ETSO-C46a#2 – Maximum Allowable Airspeed Indicator 
Deviate from ETSO-C46a paragraph 3.1.1 to use SAE AS 437A in lieu of SAE AS 437 as 
the Minimum Performance Standard. 
 
Industry:  
Using the current Minimum Performance Standards (MPS) revision level simply raises 
the performance standards used to the latest revision, and therefore imposes no 
reduction is the level of safety of the product. Changes in the revision are format/editorial 
only. 
 
EASA: 
We accept the deviation as alternate means to meet the requirement. 
 
 
b) ETSO-C46a#3 -  Maximum Allowable Airspeed Indicator 
Deviate from ETSO-C46a paragraph 4.1 to remove the requirement for “… the 
instrument must be marked to indicate its range in knots and, if applicable, to identify the 
calibration employed to control the movement of the maximum allowable airspeed 
pointer in the Vmo and Mmo ranges, or to identify the particular aircraft type design on 
which the instrument is intended to be used.” 
 
Industry:  
The display of maximum allowable airspeed is only one of many electronic display 
functions. The display does not compute airspeed and other data, it only displays it. The 
display can be configured for installation in a specific aircraft in accordance with the 
performance data for that aircraft. Configuration instructions are contained in the 
configuration section of the installation/configuration manual. 
 
EASA: 
We accept the deviation as alternate means to meet the requirement. 
 



5. ETSO-C47 – Pressure Instruments – Fuel, Oil and Hydraulic 



ETSO-C47#4 – Pressure Instruments – Fuel, Oil and Hydraulic 
Deviate from ETSO-C47 Section 4.1 to remove the marking requirement for “… in lieu of 
the weight, the range shall be shown.” 
 
Industry: 
The display of oil pressure is only one of many electronic display functions. The display 
does not compute pressure data, it only displays it. The display can be configured for 
installation in a specific aircraft. Configuration instructions are contained in the 
configuration section of the installation/configuration manual. 
 
EASA: 
We accept the deviation as alternate means to meet the requirement. 
 



6. ETSO-C49b – Electric Tachometer: Magnetic Drag (Indicator and Generator) 



ETSO-C49b#4 – Electric Tachometer: Magnetic Drag (Indicator and Generator) 
Deviate from ETSO-C49b Section 4.1 to remove the marking requirement for “… in 
addition, range and rating shall be shown.” 
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Industry: 
The display of tachometer data is only one of many electronic display functions. The 
display does not compute tachometer data, it only displays it. The display can be 
configured for installation in a specific aircraft. Configuration instructions are contained in 
the configuration section of the installation/configuration manual. 
 
EASA: 
We accept the deviation as alternate means to meet the requirement. 



7. ETSO-C95 - Mach Meters 



ETSO-C95#1 - Mach Meters 
Deviate from ETSO-C95 paragraph 3.1.1 to use SAE AS 8018A in lieu of SAE AS 8018 
as the Minimum Performance Standard. 
 
Industry: 
Using the current Minimum Performance Standards (MPS) revision level simply raises 
the performance standards used to the latest revision, and therefore imposes no 
reduction in the level of safety of the product. Changes in the revision are format/editorial 
only. 
 
EASA: 
We accept the deviation as alternate means to meet the requirement. 
 



8. ETSO-C151b - Terrain Awareness and Warning System (TAWS) 



ETSO-C151b#1 - Terrain Awareness and Warning System (TAWS) 
Deviate from ETSO-C151b Section 4.2.a to remove the marking requirement for “… in 
Part 21 Section A Subpart Q § 21A.807(a)(3), the date of manufacture must be used in 
lieu of the serial number.” 
 
Industry: 
Given that the equipment is an electronic device with no scheduled maintenance or 
overhaul, Industry has determined that the date of manufacturer is NOT critical for 
maintenance and/or inspections, and proposes that the units be marked with the “more 
informative” serial number in lieu of the date of manufacture. It is widely accepted 
aviation industry practice to use serial numbers for tracking of individual components 
during their life cycle which would not be possible by using only a manufacturing date as 
more than one units are potentially manufactured per day. 
 
EASA: 
We accept the deviation as alternate means to meet the requirement, which is in line with 
Part 21. 
 



ETSO-C151b#2 - Terrain Awareness and Warning System (TAWS) 
Deviate from ETSO-C151b Section 4.2.a to remove the requirement “…the applicable 
Class A, B or C must be permanently and legibly marked.” for accessory or display 
equipment. 
 
Industry: 
We agree that the Class information is useful information if provided on the main TAWS 
unit.  
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For accessories like controls or displays the Class selection does not change any 
requirement for the subcomponent as no functionality affected by the class selection may 
be integrated in those units. The respective Class declaration would be Class A/B/C to 
identify that they could be operated as part of any TAWS system independent from the 
associated Class. Under those circumstances the level of safety is independent from the 
fact that the unit is marked with the Class or not. As those units do have often a space 
problem on the label, we request not to require the marking of those units.  
 
Electronic display units including symbol generators may provide functionality dedicated 
to one specific Class e.g. being able to support Class B/C TAWS systems only. Those 
units are approved to ETSO-C113 as the main certification standard and meet a lot of 
supporting ETSO for dedicated display function. For those units it is considered sufficient 
to provide the TAWS class information in the DDP and the installation documentation will 
identify to which kind of equipment the unit may be connected. In any case, the display is 
not the driving factor for the system performance mainly determined by the TAWS 
sensor. The information may even be irritating in cases where the display function is 
provided but no sensor installed on the aircraft. Industry considers that providing 
sufficient information regarding functionality and compatibility in the documentation is 
sufficient for a display system and provides an equal level of safety compared to marking 
the unit itself with the Class identifier.  
 
EASA: 
We accept the deviation as alternate means to meet the requirement. 
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Deviations requests ETSO.Dev.P027 for an ETSO approval for CS-ETSO applicable 



to  
Headset including Microphone (ETSO-C57a, C58a)  



Consultation Paper 
 



Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-C57a – Headsets and Speakers 



No Deviation ETSO-C57a#5 – Headsets and Speakers 
Deviate from RTCA DO 214 Section 2.3.8.4, 2.6.2.8 and reduce the force for the cord-
connector pull-out tests at the headset side from 5.0 kg to 1.0 kg for in-ear equipment. 



Requirements: 
RTCA/DO-214 §2.2.8.3 and §2.3.8.4 (and test method §2.6.2.8) 
2.6.2.8 Cord-Connector Pull-Out 
a. Connect the cord/connector assembly so that the cord and connector are in axial 
alignment. 
b. Gradually apply an axial force to the cord such that the force reaches at least: 



(1) 5 kg for cords of 4.0 mm diameter or less 
(2) 10 kg for cords greater than 4.0 mm diameter 



c. Apply the force for one hour, then gradually remove the force and inspect the cord-
connector assembly upon removal from the fixture. 



Industry: 
The cord-connector pull-out test is considered to demonstrate the strength and durability 
of a cord-connector fastening when subject to loads and strains during normal use, 
including a steady pull which may occur when mounted in a fixed mounted panel. 
 
The earpiece-cord fastening for the headset will be subject to less amount of steady pull 
as the headset is not fixed at the head and the headset is not connected to a fixed 
mounted panel. Due to the reduced strains and weight of the earpiece, industry consider 
maximum pulling load of 1.0 kg as applicable for the earpiece – cable interface. 
 
EASA 
This test is not applicable for the cord – headset interface. The cord-connecter pull-out 
test is specified only for the connector side of the cable and not for the headset side of 



 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf





http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf








the cable. We consider the requirement as not applicable to the headset side of the 
cable. Consequently, we do not grant a deviation. 
 
Never the less, we agree that this kind of test is useful when using an in-ear earpiece 
element, as a pull-out action is performed as well. We agree to use 1.0 kg pulling load as 
acceptable test condition.  
 



ETSO-C57a#6 – Headsets and Speakers 
Deviate from RTCA DO-214 Section 2.3.1.1 and allow higher frequency response levels 
(up to +12 dB) at frequencies above 1.5 kHz. An additional speech quality test is 
performed to substantiate the equal level of safety. 
 
Requirement: 
DO-214 Section 2.3.1.1 Frequency Response 
When tested in accordance with the test procedures of subparagraph 2.7.2.1b, at an 
input power level of 1 mW (RMS), the frequency response of the headset over the 
frequency range of 350 to 3000 Hz shall not vary by more than +/-6 dB with respect to 
the reference acoustic output as obtained in subparagraph 2.7.2.1a. 
 
Industry: 
First it has to be considered that the test setup using a coupler may not be 100% 
representative for the conditions seen in real applications. The coupler used is known to 
influence the measurement results.  
 
Amplification of the higher frequencies (2kHz – 4kHz) will improve the understand-ability 
of speech, as those frequencies are most important for language understanding. For 
understanding it is most important to have a frequency response without “holes” in the 
transmitted band.  
 
There might be a risk that the 10 dB increase in the frequency characteristic may result 
in poor speech quality and listening discomfort. Consequently an additional speech 
quality test is performed to substantiate the listening comfort. One of the known tests for 
this purpose is the DANTALE CD. With this test it is demonstrated that there is no 
negative influence on the speech intelligibility. 
 
EASA: 
EASA accepts a speech quality test to demonstrate an equivalent level of safety.   
 



ETSO-C58a - Aircraft Microphones (Except Carbon) 



ETSO-C58a#3 - Aircraft Microphones (Except Carbon) 
Deviate from RTCA DO-214 Section 2.2.1 and replace/supplement the frequency 
response requirement by requirements provided in ISO/TR 4870,  ANS/ S3.2-1989 for 
in-ear microphones using bone-conducting technology. In the frequency-range 3.2 – 6 
kHz the limit may exceed the -10 dB up to a maximum of -20 dB at 6 kHz. 
 
Requirement: 
DO-214 Section 2.2.1 
When tested in accordance with the test procedure in subparagraph 2.6.2.1b, the 
microphone shall have a frequency response which falls within the limits shown in Figure 
2-1. 
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2.6.2.1 b Frequency Response 
(1) Set up and calibrate the Artificial Voice and associated equipment, according to the 
manufacturer’s instructions. Set the output frequency at 1000 Hz and the SPL to 94 dB 
SPL re: 20 µPa 6 mm from the opening. 
(2) Connect the microphone to the electrical interface shown in Figure 2-3. Set the dc 
supply voltage to 8.0 V. Set any microphone amplifier gain controls at maximum gain. 
(3) Position the microphone 6 mm from the opening. 
(4) Operate a level recorder in tandem with the sine generator (automatic mode) and run 
a frequency response curve, or manually adjust the sine generator to frequencies of 350, 
500, 700, 1000, 1500, 2000, 2500, 3000, 4000, 5000, and 6000 Hz, reading the output in 
dB own audio-frequency voltmeter for each frequency. From this data, plot a curve of the 
frequency response of the microphone. 
 
Industry: 
It is important to understand that sound picked up via bone conducting technology has 
different frequency characteristics than sound picked up via airwaves. The sound is 
conducted differently through flesh and bone than through air. The bone conduction 
microphone is adjusted to compensate for this and so the frequency response curve is 
not the same as a traditional microphone system – if it was, the result would be 
unintelligible.  
Industry position is that the overall purpose of the test is to demonstrate a theoretical 
satisfactory intelligibility for a traditional microphone. The in-ear microphone fails to meet 
the criteria but as the intelligibility has demonstrated in the speech intelligibility test, we 
find the deviation from the frequency response test to be minor and without real influence 
in normal radio communication.  
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The failure to comply with the required microphone frequency response criteria will not 
influence the performance of other equipment and industry position is that for in-ear 
headsets the frequency response as provided in ISO/TR 4870, ANS/ S3.2-1989 shall be 
used and will not degrade the overall system performance. 
 
The microphone system has been subject to a speech intelligibility test to verify that the 
microphone fulfils the general requirements stated in RTCA DO-214. The following test 
set up was used: 



• The speaking (pilot) position was subjected to noise which was recorded on a 
Boeing 737NG en route from CPH to STU. The noisiest part of the recording was 
then played on loop (continuously) at the exact level that was measured in the 
real cockpit. 



• The listening position (ATC) was in the way a replica of the control centre at CPH 
airport. 



• The test was performed by the speaker reading and speaking one word every 
four seconds and the listener should then pick the correct word among four very 
similar words e.g. cool, pool, fool, school. 



The test objective was to reach a correct score of 80% as this is considered to be 
sufficient to understand a sentence (context). 
 
The aviation headset scored 93% and so passed the test with a considerable margin.  
 
The reference headset scored 97%. This score was achieved only in a setup where the 
microphone was positioned in a perfect position. This will not always be true in a “real 
life” situation. If the boom microphone is not positioned correctly (one centimeter offset), 
a headset with a boon microphone will suffer greatly and will get a significant lower result 
on the intelligibility test! Since the in-ear microphone is always placed in the exact same 
position, there should be no real difference between the perfect test setup and ‘real life’. 
 
It should also be noted that if the ambient noise level raises for any number of reasons 
e.g. a broken window, the in-ear microphone should not suffer in quality as the 
microphone is shielded from the ambient noise inside the user’s ear canal. A traditional 
boom microphone would on the other hand require the pilot to speak up significantly to 
obtain a readable signal-to-noise ratio and in all circumstances, the overall intelligibility 
will decrease. 
 
EASA: 
We accept the alternate means of compliance for in-ear microphones.  
 
 



ETSO-C58a#4 - Aircraft Microphones (Except Carbon) 
Deviate from RTCA DO-214 Section 2.2.11 and allow acoustical cross-talk from the 
Headset to Microphone for frequencies above 4.5 kHz up to a maximum signal of 9 dB 
mV at 6 kHz for in-ear systems with one active microphone. 
 
Requirement: 
DO-214 2.2.11 Headset / Handset Isolation 
When tested in accordance with subparagraph 2.6.2.10, at no frequency shall the output 
of the microphone circuit exceed 2.0 mV (6 dB re 1 mV). 
 
2.6.2.10 Isolation - Headsets and Handsets 
a. This test is performed on a complete headset or handset when either one includes 
both a microphone and one or more earphones mounted on the same mechanical 
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assembly. The test is performed on a complete unit mounted on a fixture to simulate "as 
used" condition. The earphone(s) acoustic output shall be mechanically sealed by the 
test fixture, so as to minimize the direct acoustic leakage between the earphone(s) and 
the microphone. Microphone booms and headbands shall not be restrained from 
vibration, and shall be adjusted to their fiftieth percentile length. 
 
b. Input and output signals for this test shall be applied and measured at the headset or 
handset electrical connector via a mating connector. This test shall include the connector 
and cable as normally supplied with the headset or handset. Any reasonable means shall 
be used to isolate the input/output signal on the instrumentation side of the mating 
connector, such as transformers or isolated grounds circuits. 
 
c. Connect the earphone circuit to a generator having a series resistor with a value in 
ohms equal to the rated impedance of the headset or handset under test. Adjust the 
output of the generator at 1000 Hz so that 10 mW is delivered to the earphone circuit. 
The internal impedance of the generator shall be less than one tenth of the value of the 
external resistor.  
d. Connect the microphone circuit as shown in Figure 2-3, and set the excitation voltage 
to 16 volts. As in b. above, the microphone circuit shall include the normal supplied 
headset or handset cable and connector, and mating connector. 
 
e. Without changing the generator output, apply a frequency sweeping sine wave signal 
to the earphone circuit between 350 Hz and 6000 Hz while observing the output of the 
microphone circuit. The sweep speed shall not be faster than one octave in five seconds. 
 
f. Repeat step e. above but with the phase of the headset driving signal reversed. 
 
Industry 
The test objective is to make sure there are no acoustical feedback between microphone 
and loudspeaker, which will result in a very high pitched noise being transmitted making 
communication completely un-intelligible.  
 
The in-ear system holds both, the microphone and the loudspeaker, in a very contained 
space inside the ear shells. Only one microphone is active at any given time, but both 
loudspeakers (one in each ear) are active at the same time. 
 
Because of the very short distance between the loudspeaker and the microphone, the 
headset does not comply to the test with the specified levels. This means that at the 
prescribed levels there is some acoustical coupling between the active microphone and 
the nearby speaker. The coupling does not result in a high pitched feed-back tone but it 
is measurable in the required test setup. 
 
On the other hand – with a microphone and a loudspeaker positioned so close together 
there was always the risk of acoustical coupling and so the in-ear headset is designed 
with an adjustable volume control for the loudspeaker in the ear where the microphone is 
active. This means that the pilot has the option to turn down listening volume in one ear 
and he is therefore in a position to eliminate any acoustical coupling leading to a high 
pitched feed-back tone. The procedure is described in the corresponding user manual 
section as follows: “If you hear an echo or a high-pitched noise (feed-back) when you 
activate the microphone, your volume is too high. Turn down the volume (either on the 
amplifier or on the panel) until the feed-back disappears”. 
 
With this built-in design functionality, we argue that we have addressed the issue in 
section 2.6.2.10 and that although the headset does not meet the technical requirements 
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any feed-back or acoustical coupling can be managed and eliminated by the pilot to 
sustain intelligibility and maintain optimal listening performance. 
 
EASA 
EASA accepts the alternate means of compliance for in-ear systems.  
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Deviations requests ETSO.Dev.P028 for an ETSO approval for CS-ETSO applicable to  



Direction Instrument, Magnetic Non-Stabilized Type (ETSO-C7d)  
Consultation Paper 



 



Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection certification 
specifications and/or acceptable means of compliance with Part 21, as well as important 
special conditions and equivalent safety findings, shall be submitted to the panel of experts 
and be subject to a public consultation of at least 3 weeks, except if they have been 
previously agreed and published in the Official Publication of the Agency. The final decision 
shall be published in the Official Publication of the Agency.” 



 



ETSO-C7d - Direction Instrument, Magnetic Non-Stabilized Type (Magnetic Compass) 



ETSO-C7d#1 - Direction Instrument, Magnetic Non-Stabilized Type (Magnetic Compass) 
Deviate from ETSO-C7d Section 3.1.2 to use of RTCA DO-160D change 3 in lieu of SAE 
AS398A for environmental testing except that the Extreme Temperature Tests must be 
performed in accordance with SAE AS398A. 
 
Industry: 
RTCA DO-160D shall been used to perform qualification tests. In each test case case, the 
test parameter equals or exceeds that required by the AS398A test specification. 
 



Area ETSO / AS398A Requirement 
Actual 
Test 
Applied 



Equivalency 
Statement 



Low 
Temperature 



 



DO-160D 
Para: 4.5.1 
Category 
D1, 
(-40ºC) 



higher 



High 
Temperature 



 



DO-160D 
Para: 4.5.3 
Cat. D1 
(+70ºC) 



Equivalent, 
duration covered 
by Extreme 
Temperature Test  



Extreme 
Temperature 



 



DO-160D 
Para: 4.5.2 
(-65°C 
+70°C) 



Temp of -65°C 
+70°C for 24 
hours each cycle 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Magnetic 
effect 



 



DO-160D 
Section 15 
Category A 



If applicable 



Humidity 



 



DO-160D 
Section 6 
Category A 



Temp/ Humidity 
profile is same but 
compass 
subjected to 2 
cycles instead of 1 
(specified in 
AS398A) 



Altitude 



 



DO-160D 
Section 4 
Category 
D1 
 
 
As above + 
DO-160D 
Section 4 
Category 
A1 
Decom-
pression 



Compass tested 
to Altitude of at 
least 40,000 feet 
(AS398A) 
 
 
 
Additional De- 
Compression test 
Added 
 



Vibration 



 



DO-160D 
Section 8 
Category U 
Section 8 
Category R 
Curves B & 
B1 Section 
7 Category 
B 



Tested to 4.2 
grms amplitude 
0.1 with three hour 
APSD test per 
axis compared 
with 1.5 grms 
(AS398A) for one 
hour per axis. 
 



Power 
Variation 



 



DO-160D 
Section 16 
Category A 



Tested to Voltage 
Max = 32.3v = 
15% = Same as 
AS398A 



 
EASA: 
We accept the deviation as alternate means to meet the requirement. 



 













  
Deviations requests ETSO.Dev.P029 for an ETSO approval for CS-ETSO applicable to  



Airborne Navigation Data Storage System (ETSO-C109)  
Consultation Paper 



 



Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection certification 
specifications and/or acceptable means of compliance with Part 21, as well as important 
special conditions and equivalent safety findings, shall be submitted to the panel of experts 
and be subject to a public consultation of at least 3 weeks, except if they have been 
previously agreed and published in the Official Publication of the Agency. The final decision 
shall be published in the Official Publication of the Agency.” 



 



ETSO-C109 - Airborne Navigation Data Storage System 



ETSO-C109#3 –Airborne Navigation Data Storage System 
Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 1.2, and define the intended 
function to be a removable media navigation data storage device for loading current 
navigation data.  
 
Requirement: 
ETSO-C109 implies that the data storage system should be an external device that uses a 
fixed disk or bubble memory style of media and that the Navigation System would need to 
retrieve data base waypoints from the equipment on an as needed basis. 
 
Industry: 
The equipment is designed as a removable media data download device. Data is stored on 
mass storage devices which are inserted into the equipment in preparation for downloading 
the data into the Navigation System’s non-volatile memory. In normal operation, data 
downloads occur once at 28 day intervals (for the FMS). The equipment is not designed to 
supply the Navigation System with navigation data parameters on an as need, or real-time, 
basis. The data load process loads data parameters from the equipment into non-volatile 
memory contained on the Navigation System. Once the navigation data download process 
has completed, the equipment mass storage device containing the utilized information may be 
removed. 
It is incumbent on the Navigation System, via the data load process, to request the correct 
data file and to check its validity. The equipment will validate the mass storage device 
containing the requested file and issue an error, to the requesting Navigation System, if the 
file does not exist. The equipment will also provide data link transport error detection and 
recovery processes such that data packets sent will be validated as delivered correctly. 
 
The FAA has already approved this deviation.  



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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EASA: 
We accept the deviation as acceptable intended function for ETSO-C109 equipment. 



ETSO-C109#4 –Airborne Navigation Data Storage System 
Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.1, and allow the 
introduction of requests for a set of data.  
 
Requirement: 
3.1 Data Information Access   … The Data Storage System shall output each type of data 
stored by specific requests. Initiating a data request is most typically caused by entering a 
location identifier into the Navigation System. 
 
Industry: 
For a navigation data update it is not practical to use specific requests caused by entering a 
location identifier into the Navigation System for the update process. The equipment does not 
output specific location identifier data upon request from the Navigation System. This 
requirement is targeted more towards a fixed disk implementation where the Navigation 
System consistently obtains navigation data from an external device. The equipment will 
output navigation data files, which contain location identifier data, to the Navigation System 
when the files are requested. Once loaded, the Navigation system will store and access this 
data from its internal non-volatile memory with no further equipment accesses required. 
 
FAA has accepted this deviation. 
 
EASA:  
We accept the deviation as acceptable means of compliance.  
 



ETSO-C109#5 –Airborne Navigation Data Storage System 
Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.2, and remove the 
requirement to permanently store the navigation data in Non-volatile memory within the data 
base update system. 
 
Requirement:  
3.2 Non-Volatile Memory 
The navigation data shall be stored in non-volatile memory, and shall not be lost or altered in 
any manner under all specified environment conditions. 
 
Industry: 
The intended function of the equipment is to be a data loading device. Consequently once the 
data has been loaded into the FMS for storing, the data may be removed from the equipment 
as it is stored in non-volatile memory in the FMS. As the loading is performed on ground, the 
data storage capability and the data access has not to be demonstrated during environmental 
testing.  
 
The FAA has already approved this deviation.  
 
EASA:  
We accept the deviation as alternate means of compliance.   
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ETSO-C109#6 –Airborne Navigation Data Storage System 
Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.3, and modify the 
requirement to provide the data base identification and Expiration date on request in a way 
that the information is provided as part of the data base transfer but not on individual request 
for data base update systems. 
 
Requirement:  
3.3 Expiration Date: 
The Data Base Identification and Expiration Date shall be stored for output to the Navigation 
System(s). The Expiration Date must be revised at the time the navigation data is revised. 
 
Industry: 
Data base Identification and the Expiration date are contained on the user-loaded mass 
storage device containing the navigation data, in a header file, which is transferred to the 
Navigation System as part of the data load process. The equipment does not specifically store 
navigation data base Identification and Expiration Dates. The Navigation System is 
responsible for verifying the correct data base identification and expiration date is loaded into 
its non-volatile memory from the equipments mass storage device. 
 
The FAA has already approved this deviation.  
 
EASA: 
We accept the deviation as alternate means of compliance.   
 
 



ETSO-C109#7 –Airborne Navigation Data Storage System 
Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.4, and delete the 
requirement to use the error detection codes contained in the navigation data base file on 
each record during data transfer for data base update systems. 
 
Requirement:  
3.4 Error Detection Code Storage 
Error detection codes shall be stored with the navigation data base and used on all data 
accesses to verify the integrity of the requested data. 
 
Industry:  
Error detection codes are stored as part of the navigation data; however the equipment does 
not use these codes to verify the integrity of the navigation data file. The navigation system 
requesting the navigation data file is responsible for verifying the integrity of the downloaded 
data, via the navigation data file error detection codes, once the data load has completed. 
This ensures the data base has loaded correctly into the target Navigation Systems non-
volatile memory. However, the equipment will verify the integrity of every byte sent across the 
transmission medium to the navigation system such that errors are not introduced on the 
original data provided on the source mass storage device. 
 
The FAA has already approved this deviation.  
 
EASA: 
We accept the deviation as alternate means of compliance.   
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ETSO-C109#8 –Airborne Navigation Data Storage System 
Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.5, and delete the 
requirement to check for duplicate Identifiers for data base update systems. 
 
Requirement:  
3.5 Duplicate Identifiers 
Navigation data typically contains identifiers that are used to designate more than one point. 
Therefore, the Data Storage System shall have a means to unambiguously identify each of 
the several sets of navigation data that have duplicate identifiers. 
 
Industry: 
This requirement is not applicable to data base update systems. The equipment does not 
manipulate navigation data information contained on any inserted or internal mass storage 
device and therefore will not identify any duplicate identifiers. This function is covered as part 
of the navigation system data load process which uses the FMS Navigation data base as its 
source for reliable navigation data and utilizes the guidelines as published in ARINC 424. 
Additionally, with the navigation data loaded the Navigation System will not allow the creation 
of duplicate identifiers. 
 
The FAA has already approved this deviation.  
 
EASA: 
We accept the deviation as alternate means of compliance.   
 



ETSO-C109#9 –Airborne Navigation Data Storage System 
Deviate from „Minimum Performance Standard for the Airborne Navigation Data Storage 
Systems“, Global Systems Inc., dated March 31 1983 paragraph 3.6, and delete the 
requirement permanently store, update and automatically select navigation data based on 
expiration date for data base update systems. 
 
Requirement:  
3.6 Data Updating Provisions 
A means shall be available to allow easy and reliable updating of the Data Storage System. 
Provisions shall be made for the use of the updated data in conformance to the navigation 
data affectivity dates in use. 
 
Industry: 
This requirement is not applicable to data base update systems. The user-inserted mass 
storage device(s), the unit, Navigation System and electrical interface all form the updating 
mechanism. The equipment and user-inserted mass storage device are used as the vehicle to 
data load a new navigation data base into the Navigation System at the intervals governed by 
the expiration date of the previous data base (every 28 days for FMS). The equipment does 
not retain navigation data once the user-inserted mass storage device is removed nor does it 
process data base expiration dates. The Navigation System is responsible for verifying the 
data base integrity and expiration date correctness as part of the data load process. 
 
The FAA has already approved this deviation.  
 
EASA: 
We accept the deviation as alternate means of compliance.   
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			ETSO-C109 - Airborne Navigation Data Storage System










  
Deviations requests ETSO.Dev.P030 for an ETSO approval for CS-ETSO applicable to  



Aircraft Altimeter, Pressure Actuated, Sensitive Type (ETSO-C10b)  
Consultation Paper 



 



Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection certification 
specifications and/or acceptable means of compliance with Part 21, as well as important 
special conditions and equivalent safety findings, shall be submitted to the panel of experts 
and be subject to a public consultation of at least 3 weeks, except if they have been 
previously agreed and published in the Official Publication of the Agency. The final decision 
shall be published in the Official Publication of the Agency.” 



 



ETSO-C10b#8 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 
Deviate from SAE AS 392C Section 4.1 and provide a vertical altitude scale/tape with digital 
readout instead of a pointer moving in a clockwise direction. 
 
Industry: 
For modern electronic cockpit displays it is state of the art to use vertical scales/tapes instead 
of clockwise moving pointers. The modern technology does not require using circular 
instruments any longer. The proposed altitude display is consistent with SAE ARP 4102-7 
Appendix A Symbols 39 and 40. 
 
EASA:  
We accept the deviation as acceptable means of compliance.  
 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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Deviations requests #31 for an ETSO approval for CS-ETSO applicable to  



Airborne Navigation Sensors using the GPS augmented by WAAS (ETSO-C145) 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C145#8 Airborne Navigation Sensors using the GPS augmented by 
WAAS 



Requirement:  
Deviate from ETSO-C145 to use RTCA DO-229D (as required in FAA TSO-C145b) 
instead of RTCA DO-229A. 



Industry: 
ELOS is provided by use of later revision requirement document. RTCA DO-229D is a 
successor document for RTCA DO-229A. RTCA DO-229D is referenced in TSO-C145b. 



EASA: We accept this deviation as alternate means of compliance. EASA has initiated a 
rulemaking task to harmonise with the TSO-C145c, which further modifies some 
requirements of RTCA DO-229D. Currently those changes are accepted as well, but not 
required. Consequently, we recommend explicitly mentioning the compliance to those 
changes in the DDP if applicable. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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Deviations request #32 for an ETSO approval for CS-ETSO 
applicable to an Aircraft Seat (ETSO-C127a) 



Introductory note 
The hereby presented Deviations request shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products 
certification procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted 
to the panel of experts and be subject to a public consultation of at least 3 weeks, 
except if they have been previously agreed and published in the Official Publication 
of the Agency. The final decision shall be published in the Official Publication of the 
Agency.” 



 



Identification of issue 
Ipeco Holdings Ltd submitted to EASA a deviation request against CS-ETSO-127a 
for their Cabin Attendant Seat model number 398-0001.  



ETSO-C127a is addressing rotorcraft, transport aeroplane, and normal and utility 
aeroplane seating systems. 



 



Requirement 
ETSO-C127a paragraph 3.1.1: 



The proposed aircraft seats shall be substantiated to the minimum performance 
standards set forth in SAE AS8049A. 



 



Industry 
Deviation request, dated 12th January, 2009 – Aircraft Seats 



Deviating from ETSO-C127a paragraph 3.1.1 by meeting, instead of the 
requirements set forth in SAE AS8049A specification, the requirements contained 
in relevant paragraphs of SAE AS8049 Revision B which do correspond to the 
ones in SAE AS8049 Revision A as listed and modified by ETSO-C127a. 



 
Background: 



The ETSO-C127a refers to SAE standard AS8049 revision A, which contains 
design and testing requirements for aircraft seats. 
SAE standard AS8049 Rev. A was revised by SAE in January 2005 to Rev. B.  This 
up-dated version of AS8049 was not available at the time the ETSO-C127a was 
issued (24.10. 2003). 
 
 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf





http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf








 
ETSO.DevP.032  2/2 



 
 
 



Equivalent Level of Safety: 
• The amended paragraphs of AS8049 Revision A listed in Appendix 1 of  



TSO-C127a are included in AS8049 Revision B. 
• Revision B of SAE AS8049 represents an up-dated version of this industry 



standard and is commonly regarded to be an improvement in certification of 
aircraft seats. Hence it provides at least the same level of safety than the 
previous Revision A. 



 



EASA: 
We accept the deviation as an alternate means to meet the requirement because: 



• by using the latest Revision B of that SAE standard an obvious improvement 
in safety of aircraft seats would be achieved. 



• Current SAE standard AS8049 Rev. B is used as the basic technical standard 
for certification of seats and their installation on CS part 25 aircraft.  



 








			Introductory note 


			Identification of issue 


			Requirement 


			Industry 


			Deviation request, dated 12th January, 2009 – Aircraft Seats 










  
Deviations requests #33 for an ETSO approval for CS-ETSO applicable to  



the GPS-WAAS Receiver (ETSO-C146), Fuel Flowmeters (ETSO-C44b) 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C146 – STAND-ALONE AIRBORNE NAVIGATION EQUIPMENT USING 
THE GLOBAL POSITIONING SYSTEM (GPS) AUGMENTED BY THE WIDE 
AREA AUGMENTATION SYSTEM (WAAS) 



ETSO-C146#21 
Deviate from RTCA DO-229D 2.2.1.1.4.3 and allow the use of other viewing angles e.g. 
10 degree maximum vertical viewing angle above the upper display edge, identified as 
limitation in the installation manual. 



Requirement:  
RTCA DO-229D 2.2.1.1.4.3 "They [all displays] shall be fully readable up to a vertical 
viewing angle of 20 degrees from normal to the face of the display screen."  
 



 
RTCA DO-229D § 2.2.1.1.4.3 Requirement 
 
Industry: 
Industry requests a deviation to use other viewing angles in this case 10 degree vertical 
viewing angle above the upper display edge. Equivalent Level of Safety is provided by an 
installation limitation that will require the screen orientation of the unit to be situated in a 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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manner that will not allow a pilot to view beyond the defined maximum viewing angle of 
10 degrees from a normal to the face seating. 



The requirement anticipates an installation under the glare shield but the system may be 
designed for installation in the centre console as well. For such installations the optimum 
viewing angle may be different as illustrated in the following picture. The description of 
the viewing angle in the installation manual provides sufficient information to the installer 
to assess, if the unit can be used in the current installation condition.  



 
 
Installation situation 
 



EASA: The use of RTCA DO-229D as requirement document has been accepted under 
deviation ETSO-C146#18. In addition we accept the deviation form that standard as 
alternate means to meet the requirement.  



 



3. ETSO-C44b – Fuel Flowmeters 



ETSO- C44b#5 
Deviate from ETSO-C44b SAE AS 407C section 4.2.3 and use analog scales that have 
graduations that exceed 10% of full scale value when the analog scale is accompanied 
by a digital readout. 
 
Requirement 
SAE AS 407C section 4.2.3 Graduations: Major graduations shall be used at intervals 
not to exceed 10% of full scale value. 
 
Industry 
Equivalent level of safety is provided when the digital gauge readout has a resolution 
less than 10% of full scale and a pilot is immediately able to identify the actual fuel flow 
from the digital readout. 
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The following fuel flowmeter gauges illustrate analog scales accompanied by digital 
readouts. 



                              
 
The FAA has already accepted this deviation. 
 
EASA 
The use of SAE AS 407C as requirement document has been accepted under deviation 
ETSO-C44b#1. In addition we accept the described deviation form that standard as 
alternate means to meet the requirement.  
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 Deviations requests #35 for an ETSO approval for CS-ETSO applicable to  
ADS-B transmitter (ETSO-C166a), Traffic Advisory System (TAS) Airborne 



Equipment (ETSO-C147), Traffic Alert and Collision Avoidance System (TCAS) 
Airborne Equipment, TCAS II (ETSO-C119b), VHF Radio Communication 



Transmitting/Receiving Equipment operating within the Radio Frequency Range 
117.975-137 MHz (ETSO-2C37e, 2C38e), or Airspeed Tubes (Electronically Heated) 



(ETSO-C16) 
Consultation Paper 



1. Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C166a - Extended Squitter Automatic Dependent Surveillance – 
Broadcast (ADS-B) And Traffic Information Services (TIS-B) Equipment 
Operating On The Radio Frequency of 1090 MHz 



 
ETSO-C166a#1 
Deviate from ETSO-C166a, 4.2 and allow not marking the unit with the class information, 
which is instead provided in the installation manual. 
 
Requirement: Transmitting and receiving components must be permanently and legibly 
marked. The following table explains how to mark components.  
 
RTCA/DO-260A provides 
the equipment class in 
Section 2.1.11, and the 
receiving equipment 
type in Section 2.2.6.  
If component can:  Mark it with:  Sample marking pattern:  
Transmit and receive  Equipment class it 



supports, and 
Receiving 
equipment type  



Class A0/Type 1  



Transmit, but not 
receive  



Equipment class it 
supports  



Class B1, or Class A3-
Transmitting Only  



Receive, but not 
transmit  



Equipment class it 
supports, and 
Receiving 
equipment type  



Class A2/Type 2-Receiving 
Only  



 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Industry: Industry requests a deviation not to mark the unit with the ADS-B class 
information. The ADS-B functionality is added by software update and uses the existing 
hardware. Instead of providing the information on the unit, the information will be 
provided in the installation manual and is through that method available to installers and 
interested persons.  
 
As the unit is a panel mounted device access to such kind of information in the aircraft 
would require the removing of the unit from the aircraft anyhow. Consequently Industry 
considers it to be sufficient to provide this type of information in the installation manual 
and not on the unit itself.  
 



EASA: We agree to the approach under the condition that the information is provided in 
the operating manual as well. 



The operator and the ramp inspector may later on have the need to assess if a dedicated 
ADS-B out functionality is provided but may not have the dedicated installation manual at 
hand. The equipment labelling allows assessing the approval basis for the ADS-B 
function (e.g. ETSO-C166a Class B0). We anticipate that this information may be 
needed to assess if a certain operational procedure can be used and if the needed 
functionality is available on board the aircraft before performing a flight.  



Consequently we agree to the deviation if an alternate means is provided to have the 
information on board the aircraft and not only in the maintenance / installation 
documentation e.g. through entry in the Aircraft Flight Manual (AFM). 
 
ETSO-C166a#2 
Deviate from RTCA DO-260A section 2.2.4.3.4.7.3.b and use alternate correction 
techniques as specified in DO-260A section 2.2.4.4.3.1. 
 
Requirement: 
… The ADS-B transmission shall be accepted as a valid ADS-B Message if: 



a. The first five bits of the data block contain either the code 1 0001 or 1 0010 (i.e., 
either DF=17 or DF=18); 
b. AND no error is detected, OR error correction performed in accordance with 
§2.2.4.4.2.2.d and Appendix A, Section 3 of RTCA DO-185A can be successfully 
applied, AND no more than seven consecutive data bits fail the following 
confidence test: …. 



 
Industry: Industry requests a deviation from RTCA DO-260A section 2.2.4.3.4.7.3.b to 
use the Conservative and Brute Force error correction techniques specified by RTCA 
DO-260A section 2.2.4.4.3.1 instead of the one specified in section 2.2.4.4.2.2.d and 
Appendix A, Section 3 of RTCA DO-185A. This deviation provides a greater margin of 
safety and higher degree of performance since the Conservative and Brute Force error 
correction is “more capable” in high interference environments. 
 
EASA: We agree to the deviation. 
 
 
ETSO-C166a#3 
Deviate from RTCA DO-260A section 2.2.4.5.b and use alternate correction techniques 
as specified in DO-260A section 2.2.4.4.3.1. 
 
Requirement: Error correction techniques for equipment class A0 shall be applied by the 
ADS-B Receiving Subsystems in accordance with RTCA DO-185A, Appendix A, §A.3. 
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Industry: Deviate from RTCA DO-260A section 2.2.4.5.b to use the Conservative and 
Brute Force error correction techniques specified by RTCA DO-260A section 2.2.4.4.3.1 
instead of Appendix A, Section 3 of RTCA DO-185A.  This deviation provides a greater 
margin of safety and higher degree of performance since the Conservative and Brute 
Force error correction is “more capable” in high interference environments. 
 
EASA: We agree to the deviation. 
 



3. ETSO-C147 –Traffic Advisory System (TAS) Airborne Equipment 



 
ETSO-C147#1 
Deviate from RTCA DO-197A section 2.2.9.1 to realize the bearing estimation function 
using a direction finding antenna augmented by tracked correlated ADS-B data (hybrid 
surveillance). 
 



Industry: The bearing estimation function shall be realised using a direction finding 
antenna augmented by tracked correlated ADS-B data when such data is available and 
of sufficient integrity. This method is known as hybrid surveillance and allows the use of 
all available ADS-B data in the computation leading to more accurate information.  
 
ADS-B data is only available when the TAS equipment is configured to operate with a 
companion ADS-B transmitter.  This deviation applies only when a target tracked through 
passive ADS-B surveillance is correlated with a target tracked through active 
surveillance. Uncorrelated ADS-B targets, when within the TAS range, are not displayed.  
 
When a traffic advisory (TA) is in effect for a target, direction finding only via active 
surveillance and direction finding antenna(e) takes precedence (Reference AC 120-86, 
Appendix G, paragraph 3.3).   
 



EASA: The deviation is inline with the ACAS hybrid surveillance concept intended to be 
implemented through the update of ETSO-C119 to revision C. Sufficient methods to 
validate the ADS-B in data is implemented as it can currently not be assumed that all 
transmitted ADS-B messages are correct. In result we agree to the deviation.  
 
 
ETSO-C147#2 
Deviate from RTCA DO-197A section 2.2.11 to use the suppression pulse on the aircraft 
suppression bus specified by RTCA DO-185A section 2.2.3.12 (70 +/-1 µs from top 
antenna and 90 +/-1 µs from bottom antenna) instead of 100 +/-5 µs. 
 
Industry: This deviation results in an increased level of safety because the suppression 
pulse duration of RTCA DO-185A, called in ETSO-119b for Traffic Alert and Collision 
Avoidance System TCAS II equipment, provides adequate suppression of on-board 
equipment during interrogations, and the shorter duration and tighter tolerance results in 
increased availability of on-board equipment on the suppression bus. 
 
EASA: We agree to the deviation. 
 
 
ETSO-C147#3 
Deviate from ETSO-C147 Appendix 1 section 1.6 and use selective Mode S 
interrogations to limit the interference. 
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Industry: Deviate from ETSO-C147 Appendix 1 section 1.6 to use selective Mode S 
interrogations as specified by RTCA DO-185A section 2.2.3.8.1 and 2.2.3.9 following all 
the applicable protocols for Mode-S surveillance interrogations in the National Airspace 
System (NAS) as stated in DO-185A and DO-181C.  Selective Mode S interrogation and 
directional interrogation techniques, per DO-185A sections 2.2.3.9 and 2.2.4.5.4.2, 
respectively, will be used.  Interrogation power and interference limiting will be dictated 
by DO-185A algorithms and standards as allowed by RTCA DO-197A section 1.5.2.c.  
This deviation provides an equivalent level of safety for the following reasons: 



1. RTCA-DO-197A section 1.5.2.c states; “It is possible to enhance the minimum 
design by increasing interrogation power and/or rate and thus improve 
surveillance reliability.  This can be done by adding the capability to transmit 
Mode S broadcasts and thus to operate according to the Active TCAS II 
interference limiting standards.” 



2. As stated in RTCA DO-197A section 2.2.6; “As an alternative to the above, an 
Active TCAS I may choose to transmit Mode S broadcast signals, in which case it 
would then appear to be a Active TCAS II and could therefore increase its power-
rate limits to the limits specified for a Active TCAS II in RTCA-DO-185.”  This 
provides an equivalent or better margin of safety by assuring all interference 
effects of the TAS equipment are kept at the lowest possible level. 



3. Equivalent or better level of safety is assured by conforming to all RTCA DO-
185A requirements for Active TCAS II selective interrogation, directional 
interrogation and interference limiting.  These requirements are the accepted 
MOPS for ETSO-C119b, TRAFFIC ALERT AND COLLISION AVOIDANCE 
SYSTEM (TCAS) AIRBORNE EQUIPMENT, TCAS II. 



 
EASA: The intend of the requirement is to assure that all interference effects from Active 
TAS equipment are kept to a low level and that Active TAS equipment is controlling its 
interrogation rate or power or both to conform to acceptable limits. We accept the 
deviation. Section 2.2.6 of RTCA/DO-197A, which is superseded by ETSO-C147 
Appendix 1 section 1.6 had already foreseen an option to used Mode S interrogations. 
Further, the mode S interrogation technique is known to reduce the overall fruit on the 
transponder frequencies by reducing the necessary answers to interrogations.  
 
 
ETSO-C147#4 
Deviate from RTCA DO-197A section 2.2.3.2.1 to use the Interrogations Spectrum 
requirement of RTCA DO-185A section 2.2.3.3 for Mode S interrogations. 
 
Industry: Deviate from RTCA DO-197A section 2.2.3.2.1 to use the Interrogations 
Spectrum requirement of RTCA DO-185A section 2.2.3.3 instead of the requirement of 
RTCA DO-197A section 2.2.3.2.1 because the TAS equipment will be capable of 
performing Mode S interrogations.  The RTCA DO-185A spectral requirement considers 
both Air Traffic Control Radar Beacon System (ATCRBS) and Mode S interrogators. 
 
EASA: We accept the deviation. 
 
 
ETSO-C147#5 
Deviate from RTCA DO-197A section 2.2.3.5 to use the “Mode C Only All-Call” format 
specified by RTCA DO-185A section 2.2.3.8.1 instead of the “Mode C” format for 
interrogations. 
 
Industry: Deviate from RTCA DO-197A section 2.2.3.5 to use the “Mode C Only All-Call” 
format specified by RTCA DO-185A section 2.2.3.8.1 instead of the “Mode C” format for 
ATCRBS interrogations. When performing Mode S selective interrogations, this deviation 
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provides an increased level of safety because the use of the “Mode C Only All-Call” 
interrogation format will prevent Mode S transponders from responding to ATCRBS 
interrogations, and thus reduce the amount of FRUIT caused by the TAS equipment. 
 
EASA: We accept the deviation. 
 
 
ETSO-C119b#2 
Deviate from RTCA DO-185A  and consider the RWG Recommended Modification 2.0 to 
TSO-C119B and the modifications as introduced by appendix 1 to TSO-C119b. 
 
Industry: Deviate to use RTCA DO-185A as modified by Appendix 1 of TSO-C119b and 
‘RWG Recommended Modification 2.0 to TSO-C119b’ justified by the following: 



1. The historical TSOC119b for TCAS II, includes Appendix 1 as exceptions to DO 
185A. 



2. The RTCA SC-147 TCAS II Requirements Working Group recommends ‘RWG 
Recommended Modification 2.0 to TSO-C119b’ as acceptable deviations to the 
TCAS II system defined by TSO-C119b/ETSO-C119b. 



 
EASA: We accept the deviation. The Agency has published the Notice of Proposed 
Amendment (NPA) 2009-03 to update ETSO-C119b. The updated document is 
considered harmonised with the recently published TSO-C119c and refers to RTCA DO-
185B having the requested changes incorporated.  



 
 



ETSO-C119b#3 
Deviate from RTCA DO-185A section 2.2.4.4.2.2.b to use the Enhanced Preamble 
Detection method of RTCA DO-260A Appendix I section I.4.1.  
 
Industry: This Mode S preamble detection technique is required for 1090 MHz Extended 
Squitter ADS-B receivers (Class A1, A2 and A3) required by TSO-C166 and ETSO-
C166A.  The request for this deviation is justified by RTCA DO-260A section 2.2.4.4.2 
which describes it as an improvement over RTCA DO-185A methods that reduces the 
probability of a false alarm caused by detection of an apparent Mode S preamble 
synthesized by overlapped Mode A/C FRUIT replies. 
 
EASA: We accept the deviation. 
 
 
ETSO-C119b#4 
Deviate from RTCA DO-185A section 2.2.4.4.2.2.c to use the baseline multi-sample bit 
and confidence declaration technique of RTCA DO-260A Appendix I section I.4.2.3.1. 
 
Industry:  This Mode S bit and confidence declaration technique is required for 1090 
MHz Extended Squitter ADS-B receivers (Class A1, A2 and A3) certified to TSO-C166 
and ETSO-C166A.  The deviation is justified by RTCA DO-260A section 2.2.4.4.2 which 
describes this method as an improvement over RTCA DO-185A methods. 
 
EASA: We accept the deviation. 
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4. ETSO-2C37e, 2C38e – VHF Radio Communication Transmitting/Receiving 
Equipment operating within the Radio Frequency Range 117.975-137 MHz 



 
ETSO-2C37e#1 
Deviate from ETSO-2C37e 3.1.1 and use EUROCAE ED 23B including amendments 1 
to 3 instead of the initial release of the document.  
 
Industry: Equal Level of Safety is provided by use of a later revision of the document.  
 
EASA: We accept the deviation as the amendments are considered a minor correction of 
the document.  
 
 
ETSO-2C38e#1 
Deviate from ETSO-2C38e 3.1.1 and use EUROCAE ED 23B including amendments 1 
to 3 instead of the initial release of the document.  
 
Industry: Equal Level of Safety is provided by use of a later revision of the document.  
 
EASA: We accept the deviation as the amendments are considered a minor correction of 
the document.  
 



5. ETSO-C16 - Airspeed Tubes (Electronically Heated) 



 
ETSO-C16#1 
Deviate from ETSO-C16 section 3.1.1 and use SAE AS 8006 instead of SAE AS 393 as 
the Minimum Performance Standard. 
 
Industry: Equal Level of Safety is provided by use of the document superseding the 
outdated standard.  
 
EASA: We accept the deviation. An ETSO update is proposed in NPA 2009-08 to 
endorse that standard as basis for the revised ETSO. 
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Deviations request #36 for an ETSO approval for CS-ETSO applicable to  



a Life Preserver (ETSO-C13f) 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C13f – Life Preservers 
ETSO-C13f does address inflatable (type I) and non-inflatable (type II) life preservers. 
 
Deviate from Appendix I, paragraph 4.1.4.3.1 (Gas Reservoir) by using International 
Standard ISO 12402-7 (issued November 2006) instead of MIL-C-601G (issued 1972) for 
CO2 cylinder qualification. 
 
 
Requirement:  
4.1.4.3.1 Gas Reservoir. A reservoir containing a suitable compressed gas must be 
provided to inflate each flotation chamber of the life preserver. If carbon dioxide (CO2) 
cylinders are used, the standards of MIL-C-601G Amendment 1 dated August 31, 1972 
or the equivalent are acceptable not withstanding any size or weight limitations. 
 
Industry: 
The ETSO as well as the equivalent FAA TSO for Life Preservers (TSO C-13f) does refer 
to Mil-C-601G as the required standard for inflation cylinders. This Mil spec was originally 
created in 1972 and subsequently cancelled in 1999. Upon its cancellation, it was 
converted to an SAE standard, AS6011 with only minor editorial changes. 
 
The Mil spec and subsequent SAE standard both allow for only three sizes of inflation 
cylinders (8, 12 and 16 gram). This appears to be an oversight in the ETSO/TSO, as it 
allows for single cell life preservers which require a higher capacity inflation cylinder. 
Other areas of concern with the SAE standard include requirements for cadmium plating 
which is now avoided by manufacturers, specific dimensions and thread sizes which are 
not practical for larger volume cylinders, and additional requirements like specific 
instructions for packaging parts. 
The leading manufacturers of disposable gas filled cylinders manufacture their CO2 
inflation cylinders to an international standard, EN ISO 12402-7 avoiding the above 
mentioned issues with the Mil spec or SAE standard. Unlike the SAE standard, the ISO 
standard has been kept current, updated as recently as 2006, and allows for a 33 gram 
cylinder. 
 
                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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In reviewing all of the applicable standards, requirements, test data and history the 
applicant points out that the international standard offers at the minimum an equivalent 
level of safety to the SAE standard. 
It should also be noted that the U.S. military, the originator of the Mil spec and its 
subsequent SAE standard currently uses 33 gram cylinders qualified per EN ISO 12402-
7. This also shows that their design, construction and quality would meet the intent of the 
previous standards. 
Furthermore, 33 gram cylinders have proven their functionality and reliability in service 
on life preservers made by other major emergency equipment providers. 
 



 



EASA: We accept the deviation as alternate means to meet the requirement. 



Note: The above deviation request had already been accepted by the FAA. 
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Deviations requests #37 for an ETSO approval for CS-ETSO applicable to  



Aircraft Tyres (ETSO-C62d) 
Consultation Paper 



1. Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C62d –Aircraft Tyres 



ETSO-C62d#1 
 
Deviate from Appendix 1 §4.3. 
 
Requirement: “Overpressure. The tyre shall withstand for at least 3 seconds a pressure 
of at least 4.0 times the rated inflation pressure (as specified in paragraph 5.2) at 
ambient temperature.” 
 
Industry: A deviation is requested for the requirement of 4 times rated pressure reduced 
to 3 times for retread tyres as per FAA AC145-4A paragraph 11d (“A retreaded tire, 
processed in a manner similar to the example tested on the dynamometer, shall 
successfully withstand a hydrostatic pressure of three times its rated pressure for 3 
seconds without failure. The tire used to do the dynamometer qualification testing may 
be used if desired”), and current industry practice. 



 



EASA: We accept the deviation as alternate means to meet the requirement based on 
the above, provided the whole of the re-tread process as described in AC145-4A is 
followed, and not only the provisions of paragraph 11d. 



 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Deviations request #38 for an ETSO approval for CS-ETSO 
applicable to a Safety Belt (ETSO-C114) 



Introductory note 
The hereby presented Deviations request shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products 
certification procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted 
to the panel of experts and be subject to a public consultation of at least 3 weeks, 
except if they have been previously agreed and published in the Official Publication 
of the Agency. The final decision shall be published in the Official Publication of the 
Agency.” 



 



Identification of issue 
Schroth Safety Products GmbH submitted to EASA a deviation request against CS-
ETSO-114 for their 4/5 Point Harness Restraint System type 26-()-().  



ETSO-C114 is addressing torso restraint systems. 



 



Requirement 
ETSO-C114 paragraph 3.1.1 Minimum Performance Standard: 



Standards set forth in the SAE Aerospace Standard (AS) document: AS 8043 
„Aircraft Torso Restraint System“, dated March, 1986. 



 



Industry 
Deviation request, dated 16th June, 2009 



Deviating from ETSO-C114 paragraph 3.1.1 by meeting, instead of the 
requirements set forth in SAE AS8043 specification, the requirements contained in 
the relevant paragraphs of SAE AS8043 Revision A. 



 
Background: 



The ETSO-C114 refers to SAE standard AS8043, which contains design and 
testing requirements for torso restraint systems. 
SAE standard AS8043 was revised by SAE in March 2000 to Rev. A. 
 
 



 
 
 
 
                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Equivalent Level of Safety: 
• Revision A of SAE AS8043 represents an up-dated version of this industry 



standard and is commonly regarded to be an improvement in certification of 
aircraft torso restraint systems. Hence it provides at least the same level of 
safety than the original issue. 



 



EASA: 
We accept the deviation as an alternate means to meet the requirement because: 



• By using the latest Revision of that SAE standard, an obvious improvement in 
safety of torso restraint systems would be achieved. 



• Current SAE standard AS8043 Rev. A is used as the basic technical standard 
for certification of torso restraint systems and their installation on CS part 25 
aircraft.  
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Deviation request #39 for an ETSO approval for CS-ETSO applicable to  



a GPS Sensor (ETSO-C129A) 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C129a#12 -  (Airborne supplemental navigation equipment using 
Global Positioning System (GPS) 



 
Deviate from EUROCAE ED-72A §3.1.1.1 “Sensitivity” within condition #1 (search-the-
sky) 
 
Requirement:  
The equipment shall acquire satellite signals and meet this performance specification: 



 with an input signal having carrier levels of –130dBmic 
 in the presence of background thermal noise of –176.6dBM/Hz at the UuT input 



port, if there is no preamplifier  
 and –178.6dBm/Hz at the preamplifier input if fitted.  
 This requirement must be verified in minimum signal condition at UuT port as 



defined in paragraph 3.1.1, i.e. with minimum antenna gain, maximum cable loss 
and, if appropriate, minimum preamplifier gain. 



 
Unless otherwise specified, once satellite signal are acquired, the equipment shall 
continue to operate satisfactorily with satellite signals having carrier levels down to and 
including –133 dBmic. 
 
Industry: 



Object of the deviation 



At power up without initialisation or without a valid stored almanac (search-the-sky 
condition), the GPS sensor is not able to achieve acquisition if all the GPS signals are at 
the minimum level (-130dBmic) in the presence of: 



 Background thermal noise of –176.6dBM/Hz (at the UuT input port) 



 Unwanted interference signal levels specified into EUROCAE ED-72A §3.1.2.1 & 
§3.1.2.2 



 Minimum signal at UuT port for all the GPS satellites in view 
                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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The GPS sensor meets the required acquisition performances in the search-the-sky 
condition (defined as condition #1 in ED72A §3.1.3.2 (a) if at least four of the GPS 
signals are at the minimum level +2dB (-128dBmic). 



The GPS sensor meets without restriction the required acquisition performances in 
conditions #2 and #3 defined in ED72A §3.1.3.2. (b) and (c). 



Once satellite signals are acquired, the equipment continues to operate satisfactorily with 
satellite signals having carrier levels down to and including –133dBmic. 



Note: There is no compliance issue with regard to the RTCA DO-208 / TSOC129a since 
the condition #1 ED72A §3.1.3.2 (a) (search-the-sky condition) is not required. 



Technical description of the deviation 



According to EUROCAE ED-72A §3.1.3.2 (b), the normal initialisation mode for the GPS 
sensor corresponds to the conditions where the following data are either input to the 
equipment or available in non-volatile memory: 



 Valid almanac 



 Valid UTC time (with date and year) 



 Valid present position 



 Valid present velocity 



According to EUROCAE ED-72A §3.1.3.2 (a), the abnormal initialisation mode (search 
the sky mode) only occurs if “the equipment has no initialisation data nor valid almanac” 
stored into non-volatile memory. This condition operationally occurs only into the 
following cases: 



 Stored almanac not valid (GPS sensor powered off during more than 10 weeks) 



 System (FMS for example) in charge of initialising the GPS sensor failed 



Assuming that this abnormal mode occurs within the worst unwanted signal conditions 
(interference), the signals from GPS satellites cannot be received all at minimum 
strength at input port, which supposes minimum level of signal received by the antenna & 
minimum receiving antenna gain. This situation is not realistic since both signal level 
received by the antenna and receiving antenna gains depend on satellite elevation. 
Furthermore, all the satellites in view cannot be at minimum elevation. 



Moreover, the GPS sensor complies with FAA TSO C129a / RTCA DO-208 that is 
considered equivalent to EASA CS-ETSO C129a / EUROCAE ED-72A, since CS-ETSO 
C129a has been put into Index 1; index 1 being defined in Subpart B of CS-ETSO as 
listing “all those ETSOs which are technically similar to FAA-TSOs”.  



The GPS sensor therefore complies with the DO-208 required acquisition performance. It 
also complies with the differences between ED-72A and FAA TSO C129a that are 
indicated as being more significant by EUROCAE ED-72A (see §4.4 of ED72A below): 
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Conclusion: Operational impact 



With regard to EUROCAE ED-72A sensitivity requirement in search sky mode, there are 
no operational conditions that lead to a search the sky acquisition failure. The GPS 
sensor provides the equivalent level of safety without operational limitation. 



In addition, there is no compliance issue with regard to the RTCA DO-208, which is 
considered equivalent to EUROCAE ED-72A. 



 



EASA:  
In order to comply with the acquisition performances in the search-the-sky condition 
(defined as condition #1 in ED72A §3.1.3.2 (a), the GPS unit requires at least four of the 
GPS signals to have a minimum level +2dB (input signal having carrier levels of -
128dBmic instead of–130dBmic) or a power ratio of 1.58489 for an impedance of 50 Ω 
(58% more). The applicant claims that this test condition is theoretical. 



The rationale is based on the fact that: 



 the signal level received by the antenna and the gain of the receiving antenna 
both vary with satellite elevation; 



 It is not possible in operational conditions to have all satellites in view at minimum 
elevation; 



 This EUROCAE ED-72A requirement does not exist in RTCA DO-208.  



 Instead, RTCA DO-208 requires 1 GPS signal at maximum value, 1 GPS signal 
at minimum value and all other GPS signals at minimum value + 3 dB (or 1.996 
for an impedance of 50 Ω (signal of about twice the minimum value)). 



 The GPS unit meets RTCA DO-208. 



The applicant is actually proposing to substitute the requirement from EUROCAE ED-
72A §3.1.3.2 (a)) with RTCA DO-208 as an equivalent level of safety.  



This deviation impacts the acquisition time as specified in ED72A §3.1.3 with GPS signal 
level at minimum value. It is to be noted that the requirement in ED72A §3.1.3.1 for 
equipment condition #1 in ED72A §3.1.3.2 (a) has different maximum values for the 
acquisition time (95%) between the English version and the French version of the text. 
This difference has been transmitted to EUROCAE for further processing. However, the 
test report for this unit indicates that the acquisition time is >= 15 min. Therefore, there is 
definitely a deviation. 



Under condition #1 of ED72A §3.1.3.2 (a), there is no acquisition in out-of-band 
interference required conditions at frequencies 1500MHz and 1626.5MHz and for in-
band interference with 100kHz bandwidth  In this case of “Search the sky” failure 
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(bandwidth 100kHz, 16MHz, CW 1500MHz & 1626.5MHz), the unit successfully passes 
the test with condition #2 of ED72A §3.1.3.2 (b). Under condition #1 of ED72A §3.1.3.2 
(a) with an interference bandwidth of 1MHz and a level of -110dBm, the acquisition time 
is 13mn45s. The Horizontal Position Accuracy (95%) is106m (requirement < 100m). 
Acquisition time (8 mn 48s < 15 mn) and Horizotal Position Accuracy (76.7 m < 100 m) 
are within expected boundaries under condition #1 of ED72A §3.1.3.2 (a) with 
interference bandwidth of 1 MHz and level of -105 dBm. 



 



Excerpts from EUROCAE ED72A 



 



 



In fact, the first equipment approval of this GPS engine dates back to 26/02/2002 
(F.O.074) and EUROCAE ED-72A was published in April 1992. Thus, it can be 
confirmed that the GPS engine has been originally developed towards FAA TSO 
C129a/RTCA DO-208. Indeed, EUROCAE ED-72A mentions in its introduction 
“differences in tests methods for verification of GPS equipment during simulated flight 
tests”. Moreover, the GPS engine complies with the other differences that are indicated 
as being more significant by EUROCAE ED-72A: 



 



Although there are technical differences between EUROCAE ED-72A and RTCA DO-
208, CS-ETSO C129a has been put into “Index 1”. According to Subpart B of CS-ETSO, 
index 1 is defined as listing “all those ETSOs which are technically similar to FAA-TSOs”. 
In practice, FAA TSO C129a/RTCA DO-208 and EASA CS-ETSO C129a/EUROCAE 
ED-72A have been declared as providing an equal level of safety.  



For all the above reasons, it is recommended to accept this deviation but to clearly 
indicate it in the associated Declaration of Design and Performance (DDP). 
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 Deviations requests #40 for an ETSO approval for CS-ETSO applicable to  
Airborne Systems for Non Required Telecommunication Services (In Non Aeronautical 



Frequency Bands) (ASNRT) (ETSO-2C514) 
Consultation Paper 



1. Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in accordance with 
EASA Management Board Decision No 7-20041 products certification procedure dated 30 March 
2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection certification 
specifications and/or acceptable means of compliance with Part 21, as well as important special 
conditions and equivalent safety findings, shall be submitted to the panel of experts and be subject 
to a public consultation of at least 3 weeks, except if they have been previously agreed and 
published in the Official Publication of the Agency. The final decision shall be published in the 
Official Publication of the Agency.” 



2. ETSO-2C514 - Airborne Systems for Non Required Telecommunication Services (In Non 
Aeronautical Frequency Bands) (ASNRT) 



 
ETSO-2C514#1 
Deviate from ETSO-2C514, 3.1.2 and use EUROCAE ED-14D change 3/RTCA DO-160D change 3 
instead of ED-14E/DO-160E as environmental test procedure. 
 
Industry: Considering the difference between EUROCAE ED-14D change 3 / RTCA DO-160D 
change 3 and EUROCAE ED-14E/RTCA DO-160E industry has the opinion that the differences are 
not significant and that during installation it has to be assessed anyhow, if the equipment testing 
meets the expected conditions of the aircraft environment.  
 
The main differences the E and the D change 3 version are as follows: 
Section 4 Temperature and Altitude: A Short-Time Operating Low Temperature Test is 



introduced. 



Section 5  Temperature Variation: New categories S1 and S2 had been added. 



Section 6  Humidity: Tolerances have been specified 



Section 7  Operational Shocks and Crash Safety: Crash safety low frequency test case added, 
editorial changes 



Section 8 Vibration: High Level-Short Duration Vibration Test Categories Z added, S2, H2, R2, T, 
T2 removed. 



Section 9  Explosive Atmosphere: Fuel mixture rate calculation clarified. Editorial changes to 
provide clarification. 



Section 10 Waterproofness: Additional category Y for condensing water proofness. 



Section 11 Fluids Susceptibility: Applicable test fluid list extended. 



Section 12 Sand and Dust: New category S added. 



Section 13 Fungus Resistance: Explanations added. 



 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 











Section 14 Salt Spray – Salt Fog: Title changed, category T added, Test procedure clarified with 
shorter exposure time for category S. 



Section 15 Magnetic Effect: Test procedure detailed.   



Section 16 Power Input: Order of paragraphs changed and reworded, DC category A simplified – 
sub categories deleted, For category A(WF) equipment the harmonic content is 
increased, New maximum DC waveform contend specified, Test cases added for 
Momentary Power Interruption test.  



Section 17 Voltage Spike: no change 



Section 18 Audio Frequency Conducted Susceptibility – Power Inputs: Introduction of category R 
instead of A and category K instead of J, some tolerances are higher. 



Section 19 Induced Signal Susceptibility: Subcategories have been defined for all categories. 
Definition of frequency scan rates and dwell times for the tests added.  



Section 20 Radio Frequency Susceptibility (Radiated and Conducted): Editorial changes and the 
test procedure and the corresponding setup are described more detailed.  



Section 21 Emission of Radio Frequency Energy: Editorial changes for clarification. 



Section 22 Lightning Induced Transient Susceptibility: Definition for Core Wire added and for 
Random Spacing removed. Test is specified in more detail. 



Section 23 Lightning Direct Effects: No changes 



Section 24 Icing: No changes 



Section 25 Electrostatic Discharge (ESD): No changes 



Section 26 Fire, Flammability: New section is added.   



It can be seen that in most cases the update is a natural evolution of the standard and is not 
introducing new requirements as in all cases there are possibilities to select categories allowing to 
show compliance without doing much retesting. For fire/ flammability testing in all relevant 
standards already exist a corresponding requirement but now fire / flammability testing is 
considered part of the environmental testing. In any case it has to be assessed during installation if 
the demonstrated categories meet the environmental conditions of the specific location selected.   
 
EASA: We accept the deviation. In General we recommend using the latest version of the 
environmental test procedures to reflect newest developments for new designed equipment but 
acknowledge as well that this may be impractical for derivates (major changes) to already existing 
design. In this specific case the applicant does not step back beyond the general environmental test 
procedures as defined in CS-ETSO subpart A requesting version D change 3 as environmental test 
procedure. For us it is important that the Electromagnetic Compatibility testing is using the extended 
frequency range as defined in section 20 from revision D change 3 and section 21 from revision D 
onwards to reflect the extension in the frequency use to higher frequencies and related potential 
interactions. 
 
EASA has determined that versions D, E and F provide an equivalent level of safety when the 
applicable version is identified in the Declaration of Design and Performance (DDP) or the 
Environmental Qualification Form (EQF). If the installed electrical/electronic equipment must meet 
lightning requirements use RTCA/DO-160D change 3 or later. However, if the installed equipment is 
expected to be subject to HIRF requirements use RTCA/DO-160F. RTCA/DO-160E is also 
acceptable to meet the HIRF requirements for level B and C systems. It is the obligation of the 
equipment installer to check that the performed equipment test is sufficient to cover the 
environmental conditions applicable to the installation location. 
 
RTCA/DO-160 will continue to be subject to revisions as needs arise in the aviation community.  
However, it is not always feasible for an applicant to use the more current revision. The following 
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table is a summary of the changes made from RTCA/DO-160C to D, D to E, and E to F. Versions of 
RTCA/DO-160 prior to RTCA/DO-160D are also not included in this table.  
 



DO-160 
Sections 



Changes from DO-160C to  
DO-160D2 



Changes from DO-160D1 to  
DO-160E 



Changes from DO-160E to 
DO-160F 



Section 1-
Section 3: 
Purpose and 
Applicability, 
Definitions of 
Terms, and 
Conditions of 
Tests 



Editorial and clarifications 
changes only. 
 
 
 



Section 3:  The requirement for 
cumulative testing of 
Temperature, Altitude, Humidity, 
and Vibration was removed, and 
clarification was added with 
respect to the use of multiple test 
articles 



No changes were made. 



Section 4: 
Temperature 
and Altitude 
 
 
 
 
 
 



Section 4.3 Equipment 
Categories added reference 
categories for in-flight loss of 
cooling test. 
 



Section 4.5 Temperature Test 
was restructured to include sub-
section 4.5.2 Operating Low 
Temperature. 
 
 



Section 4.5.3 Ground 
Survival High Temperature 
Test and Short Term 
Operating High Temperature 
Test clarified soak time upon 
reaching short time 
operating low and high 
temperature.  Section 4.5.5, 
In-Flight Loss of Cooling 
Test in the note clarified 
cooling source and power.  



Section 5: 
Temperature 
Variation 
 



Section 5.3 Test Procedures 
was revised to provide 
provisions for collecting data 
during a single cycle of test and 
reduced data collection under 
certain test conditions. 



Section 5.2 Temperature Change 
Rates added two temperature 
shock tests, categories S1 and 
S2, and Sections 5.3.2 and 5.3.3 
are the tests sections that 
accompany the newly added 
categories, respectively. 
 



Sections, 5.3.1h, 5.3.2h, and 
5.3.3i, changed the 
performance compliance 
timing to be in the second, 
or last cycle. 
 



Section 6: 
Humidity 



Editorial changes were made to 
eliminate redundant description 
of the test procedures.  Velocity 
of air throughout the exposure 
area changed from “Shall not 
exceed 0.75 m/s” to “Between 
0.5 and 1.7 m/s”.  Alternative 
method was added to measure 
the water pH. 



Section 6.3 was modified to allow 
a + 4 percent tolerance to the 
relative humidity requirement. 
 
 
 



In paragraphs 6.3.1, 6.3.2, 
and 6.3.3 changed step 2 to 
28 degrees to agree with 
corresponding figure. 
 



Section 7:  
Operational 
Shocks and 
Crash Safety 



Equipment category definitions 
were added for fixed wing and 
helicopter installations.  Crash 
Safety levels were identified for 
helicopters (20g) and increased 
for fixed wing crash safety levels 
(20g).  Shock pulse was changed 
from half sine to saw tooth.  Half-
sine shock pulse curve changed 
to reflect saw-tooth profile.  Test 
levels were changed from DO-
160C based on empirical data. 



Fixed wing and helicopter 
operational and crash safety test 
requirements were made the 
same. 
 
 
 
 



Category definitions were 
revised for clarification.  Text 
description and centrifuge 
definitions were revised in 
section 7.3.3 and figure 7.3, 
respectively, to reflect the 
correct setup direction for 
acceleration load.   
 



                                                 
2 Includes Changes 1, 2, and 3 to RTCA/DO-160D. 
 



ETSO.DevP.40  3/8 











DO-160 
Sections 



Changes from DO-160C to  
DO-160D2 



Changes from DO-160D1 to  Changes from DO-160E to 
DO-160E DO-160F 



Section 8:  
Vibration 



New section defining vibration 
requirements for helicopters was 
added.  Random vibration levels 
were changed by the addition of 
new curves.  Tables and figures 
were modified to support 
changes in test levels. 



Fixed Wing Zone 2 features two 
new test curves. High Level 
Short Duration Category Test 
was revised. Helicopter 
endurance test times were 
reduced and the unknown 
helicopter test procedure was 
reconfigured (Category U).  
Unknown helicopter test 
procedure (Category U2) was 
added as an alternative to 
revision D. 



Performance test times were 
reduced from 30 minutes to 
a minimum of 10 minutes. 
Robust test equipment 
operating, not operating 
requirements were 
standardized to have 
equipment not operating 
during sinusoidal scans and 
operating during the robust 
test portion of the test, 
unless specified otherwise 
by the applicable equipment 
specifications. 



Section 9: 
Explosion 
Proofness 



Fuel mixture calculation was 
corrected for hexane explosive 
proofness test. Atmospheric test 
pressure requirements were 
clarified. 
 



Minor changes were made in the 
procedure to improve 
repeatability. 
 



Environment definition and 
category definitions were 
revised.  Reference to 
100/130 octane fuel was 
deleted from figure 9-4. 
 



Section 10: 
Waterproofnes
s 
 



Test step that verifies absence of 
water penetration into test unit 
following test was deleted 
because it was not consistent 
with intent and purpose of test.  
The test is intended to verify 
performance of unit following 
exposure to this environment, not 
to verify the unit’s ability to keep 
out water. 
 
 



Minor improvements to pre-heat 
unit and to reduce risk of thermal 
shock were made. 
 



Drip Rate was changed from   
280 l/m2/hr to 140 l/m2/hr. 
 



Section 11: 
Fluids 
Susceptibility 
 
 



Table 11-1 eliminated reference 
to fire extinguishants and add 
additional de-icing fluid, 
propylene glycol.  Aircraft fire 
extinguishants are gaseous and 
do not exist in liquid form under 
normal conditions.  De-icing fluid 
added to reflect current industry 
practices. 



Updated list of fluids and added 
inspection. 
 



No changes were made. 
 



Section 12:  
Sand and Dust 



Editorial and clarifications 
changes only. 
 
 
 
 



Sand and dust were separated 
into two categories.  Update the 
mixtures to current commercial 
available characteristics. 
 



Category definitions were 
revised for clarification.  
Additional sand 
concentrations were added.  
Size distributions and sum of 
total percentages to 100% 
were adjusted in Section 
12.3.2. 



Section 13:  
Fungus 
Resistance 



Section 13.5.7 was revised to 
eliminate 48 hour period after 
removal from chamber before 
performance test. 
 



Other causes of fungus other 
than nutrient materials and 
personnel safety caution were 
added. 
Test failure criteria were clarified. 



Magnesium sulphate was 
adjusted to align with other 
ingredients. 
 



Section 14:  
Salt Fog 



Change functional test criteria.  
Functional test may now be 
performed following 48 hour dry-
out period. 
 



Title of section was changed 
from Salt Spray to Salt Fog. 
Category T was added for severe 
salt atmosphere. 



Changed term Salt Spray to 
Salt Fog throughout this 
section. 
 



Section 15:  
Magnetic Effect 



Text was added to clarify source 
of referenced magnetic field. 
 
 
 



Section 15.3 was modified to 
provide a more detailed test 
procedure than in previous 
versions, including a requirement 
to verify field uniformity if the 



A new Category Y was 
added for measurements 
made immediately adjacent 
to the unit under test.  
Descriptions of each 
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DO-160 
Sections 



Changes from DO-160C to  
DO-160D2 



Changes from DO-160D1 to  Changes from DO-160E to 
DO-160E DO-160F 



compass must be moved to 
change the measurement 
distance to the EUT (equipment 
under test). The new Figure 15-1 
provides a test setup diagram 
and gives notes on proper 
performance of the test. 
 



equipment category were 
added to Section 15.1 
Purpose of Test along with 
discussion of how the test 
results are used to 
determine how close the 
EUT may be installed to a 
compass or compass 
sensor. Text allowing the 
measurements to be made 
with an uncompensated 
compass or equivalent 
magnetic sensor was also 
added. 



Section 16:  
Power Input 
 



Change 2 to DO-160D, published 
June 12, 2001, revised Section 
16, by including new tests, and 
modifications to existing testing, 
to address the issues of AC 
harmonic current content and 
variable frequency AC power 
systems. 
 
 



The entire section was re-
ordered so that all the AC tests 
were in one subsection and all 
DC tests were in another 
subsection, making Section 16 
easier to use and understand. 
DO-160E also introduced some 
new tests, such as a DC content 
test for AC powered equipment, 
and a new subsection covering 
"Load Equipment Influence on 
Aircraft Electrical Power 
Systems." 
 
 



More tests are required for 
both AC and DC powered 
equipment. A 270V DC bus 
generated from the A (WF) 
AC power bus was added as 
Category D.  Discrete step 
test methods were defined 
for AM and FM modulation 
on AC systems. AM voltage 
modulation on AC buses 
was increased. Double 
interrupt test methods were 
added for DC equipment.  
Manual reset was explicitly 
not permitted after single 
and double power interrupts.  
The dwell at 28V between 
the short and the long dc 
voltage surge was removed.  
Loss of phase testing was 
added for three phase.  A 
Power Factor test 
designation was added for 
ac equipment.  DC current 
draw tests from ac 
equipment current were 
added.  In-rush and current 
modulation test designations 
were added for both ac and 
dc equipment. Tolerances 
were added to most tests.  
Category H, harmonic 
emissions, measurement 
methods were updated. 



Section 17:  
Voltage Spike 
 



Editorial changes were made to 
support document consistency.  
Reference to "DC only" condition 
was eliminated thereby 
expanding applicability to both 
AC and DC systems.  Figures 
were modified to accommodate 
the inclusion of AC power 
systems.  Reference to negative 
pulse generation network was 
eliminated. 



No significant changes were 
made. 
 



Section 17.4 Test 
Procedures was modified to 
clarify application of positive 
and negative transients over 
the specified period of time. 
Test conditions were 
clarified when multiple 
power pins are present. 
 



Section 18:  
Audio 
Frequency 
Conducted 
Susceptibility-
Power Inputs 



DO-160C referenced Figures 16-
4 and 16-5 for DC ripple test 
requirements; these figures were 
moved to Section 18 as Figures 
18-2 and 18-3.   
 



The equipment category 
designators A and J were 
eliminated, and categories R and 
K were added. 
 



New test for 270V dc input 
differential ripple to follow 
same curve as 28V 
Category Z, but at 4 times 
the amplitude was added. A 
common mode noise test 
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DO-160 
Sections 



Changes from DO-160C to  
DO-160D2 



Changes from DO-160D1 to  Changes from DO-160E to 
DO-160E DO-160F 



  
 
 



has been added for 270V 
Category Z equipment.  For 
test equipment that generate 
a continuous linear 
frequency sweep, the 
minimum (i.e., fastest) 
sweep rate has been slowed 
to make swept testing 
equivalent to stepped 
testing, especially at 
resonances.  An optional DC 
blocking network is added to 
the test setup figures to 
prevent damage to the 
signal source. 



Section 19:  
Induced Signal 
Susceptibility 
 



Category C was added to include 
test levels that are appropriate 
for installations with long wire 
runs or minimum wire separation.  
The test levels for magnetic and 
electric fields induced into wiring 
were increased. 



A second equipment category 
designator was added to indicate 
the AC power system operating 
frequency (Constant, Narrow 
Variable, or Wide Variable).  The 
frequency scan rate was 
changed to 30 steps per decade, 
with a 10-second dwell time at 
each frequency. 



Clarification to existing 
formula used to calculate 
test frequencies was made. 
 



Section 20:  
Radio 
Frequency 
Susceptibility 
(Radiated and 
Conducted) 



The revisions to Section 20, in 
DO-160D Change No.1, 
published December 2000, 
include a new, Mode-Tuned, 
Reverberation Chamber 
Radiated RF Susceptibility test 
method.  New categories (test 
levels) were also added to 
Section 20, including Category L, 
which requires Radiated RF 
Susceptibility testing (pulsed) as 
high as 7200 volts/meter. 
 
An alternate procedure was 
added for mode-stirred radiated 
susceptibility tests.  The mode-
stirred procedure was accepted 
as an alternate that may require 
lower-power amplifiers. 



A section providing guidance and 
caution related to RF power 
amplifier harmonics and their 
potential to affect the test results 
was added, along with a revision 
that allows the use of an 
oscilloscope to measure 
Conducted Susceptibility test 
levels. The Mode-Tuned test 
method for Radiated 
Susceptibility was modified to 
allow for the option of using the 
received power on the monitor 
antenna to determine the test 
level, as opposed the E-field 
readings from a 3-axis sensor. 
Flexibility in the number of tuner 
steps was also added, giving the 
user the choice of increasing the 
number of steps based on the 
need for greater field uniformity 
or a higher test level, or 
decreasing the number of tuner 
steps to decrease the test time. 
 
 
 
 



Test categories were 
reduced and “alternative” 
modulations for Category R 
were eliminated. There is 
now only one test method 
for conducted susceptibility.  
Clarification has been added 
regarding the requirement to 
expose all apertures and 
openings of the EUT in 
anechoic chamber method. 
 



Section 21:  
Emission of 
Radio 
Frequency 
Energy 



Change Category Z 
requirements to reflect need for 
additional scrutiny in the VHF 
COM NAV and GPS frequencies. 



 



All of the figures were cleaned up 
and made easier to read. The 
Radiated Emissions limits for 
Categories M and H were 
modified slightly so that the 
notches that occur in various 
frequency ranges now have 
sloped bottoms to match the rest 
of the limit. The frequency range 
of the first notch has also been 
changed for a more precise 
match with the 
communications/navigation 



The conducted emissions 
frequency range has been 
broadened to 150 kHz - 152 
MHz, and the Radiated 
Emissions test frequency 
range has been narrowed to 
100 MHz - 6 GHz.  A new 
procedure for radiated 
emissions measurements in 
a reverberation chamber 
was added.  In the anechoic 
chamber method, 
clarification has been added 
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DO-160 
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DO-160D2 



Changes from DO-160D1 to  Changes from DO-160E to 
DO-160E DO-160F 



frequency range that the notch 
protects. 
 



regarding the requirement to 
expose all apertures and 
openings of the EUT.  A new 
limit category has been 
added, Category P, to 
provide added protection for 
certain receivers by use of 
even deeper notches than 
previously used.  



Section 22:  
Lightning 
Induced 
Transient 
Susceptibility 



DO-160D Change No. 3, 
published December 2002, 
added additional waveform sets, 
cable bundle test levels, and the 
procedures for performing 
indirect lightning multiple stroke 
and multiple burst tests using the 
existing defined test waveforms.   
The category designations were 
modified to allow users to 
designate categories that 
indicated that these additional 
tests had been performed. New 
Waveform Set designators, G 
through K, were added to cover 
the Multiple Burst and Multiple 
Stroke tests. 
Another significant addition to 
Change 3 was setup information 
on performing pin injection tests 
with power applied.  Several 
different setup diagrams were 
added to assist users in 
performing these tests properly.  
Improperly connecting the 
lightning generator to a pin with 
power applied could result in 
insufficient stress on the pin.  



The DO-160E cable bundle test 
section was modified to include a 
new section providing guidance 
for performing cable bundle tests 
on bundles that normally contain 
shields, with the shields 
removed.   This guidance 
allowed testing of a cable bundle 
at test levels currently defined in 
DO-160, but intended to 
demonstrate compliance to 
aircraft installation threats that 
are higher than these 
standardized levels.  It explicitly 
stated that the test generator 
used for cable bundle testing 
does not need to be capable of 
producing the voltage or current 
limit level, provided that the 
current or voltage test level can 
be achieved on the cable under 
test. 
 



Section 22 was restructured 
with additional test 
requirements moved from 
notes under figures to the 
main body of the document, 
and paragraphs were 
numbered to provide easy 
reference to the 
requirements contained in 
each paragraph.   In the 
waveform set tables and the 
test level tables, both the 
voltage and the current 
waveform number are now 
shown to eliminate any 
ambiguities with how 
waveforms are related to 
each other. 
This section was modified to 
clarify when a test was 
successfully completed and 
when, in the case of 
reaching a limiting level 
before a test level, another 
waveform test was needed.  
The cable bundle section 
now contains a path to 
follow for every waveform 
set and criteria for 
acceptable and 
unacceptable test limit 
waveforms that leads the 
user to successful test 
completion regardless of the 
configuration of the cable 
under test. 



Section 23:  
Lightning 
Direct Effects 
 



Additional procedure with 
associated electrode was 
provided for producing flashover 
when flashover is not produced 
during the normal procedure and 
it is desired that flashovers 
occur. 



No significant changes were 
made. 
 



Clarification of test 
waveforms and methods has 
been added throughout the 
section.  Category 
designations have been 
added to separate voltage 
and current tests. Category 
designations have been 
clarified, and Category F has 
been deleted. 



Section 24:  
Icing 



Editorial and clarifications 
changes only. 
 



No changes were made. 
 



No major changes were 
made.  Clarification of type 
of ice was incorporated. 



Section 25: 
Electrostatic 
Discharge 



A new section was added to 
address device level 
susceptibility issues for ESD. 



No significant changes were 
made. 
 



No significant changes were 
made, except correcting 
typographical errors in the 
figures. 
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DO-160 
Sections 



Changes from DO-160C to  
DO-160D2 



Changes from DO-160D1 to  
DO-160E 



Changes from DO-160E to 
DO-160F 



Section 26:  
Fire, 
Flammability 
 



 Section 26 was introduced in 
DO-160E. 



No changes were made. 



 
 
ETSO-2C514#2 
Deviate from ETSO-2C514, Appendix 1, Chapter 4 and do not require the Electrostatic Discharge 
testing in accordance with EUROCAE ED-14E/RTCA DO-160E Section 25. 
 
Industry: The test procedure for Electrostatic Discharge Testing was first introduced with revision D 
of EUROCAE ED-14 / RTCA DO-160. As a consequence many equipment standards, which still 
reference ED-14C / DO-160C do not specify if the ESD test is need. It was assumed that the test is 
optional. This applies for the former national standard as well from which this ETSO has been 
developed. 
 
The aim of the testing is to show immunity against air discharged electrostatic pulses applicable to 
elements – mainly connector pins – accessible during normal operation and/or maintenance tasks. 
The equipment has no connector, which is intended to be disconnected / connected during flight as 
part of the operation. Consequently the risk could apply only during maintenance task. After 
performing a maintenance task on the equipment it is expected to do a functional testing of the unit 
as part of the process. During that testing any potential malfunction would be detected. Even if not, 
this should not influence the safety of the aircraft as per definition this ETSO is only applicable to  
Non Required Telecommunication Services. 
 
The technology used in the equipment is not known to be ESD sensitive and no occurrence was 
reported which would indicated ESD sensitivity. 
 
EASA: We reject this deviation request. The equipment in question does have controls to be 
operated in the cockpit environment. Consequently the described test is needed to fully 
demonstrate CS XX.1301, XX.1309 aspects. Aim of the ETSO is to demonstrate that the intended 
function can be kept under the operating and environmental conditions. For units having control 
elements it has to be anticipated that the pilot is touching the unit when operating the controls. The 
intent of the test is to demonstrate that potential arcing, which may occur based on static 
discharging, is not impairing the equipment or its functionality. 
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Deviations request #41 for an ETSO approval for CS-ETSO applicable to  



an AHRS (ETSO-C4c & ETSO-C6d) 
Consultation Paper 



1. Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C4c – Bank and Pitch instruments 



ETSO-C4c#5. 
 
Deviate from ETSO-C4c §3.1.1 for SAE AS 396B §6.1 for maximum “starting” time of 3 
minutes. 
 
Requirement:  



SAE AS 396B §6.1 requires instrument performance to be achieved within 3 minutes 
after normal rated power is applied.  



The applicant proposes to: 
 change starting time from 3 minutes to: 



 5.5 minutes for temperatures superior to 15°C (59°F) with 28 VDC (6.8 
minutes with 14 VDC) and  



 7.5 minutes for temperatures strictly inferior to 15°C (59°F) with 28 VDC (9.3 
minutes for 14 VDC); 



 flag AHRS outputs as invalid during the start-up phase in order to prevent their 
erroneous usage by another system; 



 introduce an operational limitation in the installation manual, in the DDP2 and in 
the pilot’s guide that is consistent with the intended usage and software level of 
this AHRS (Attitude Heading Reference System): “The unit is not certified for 
providing pitch or roll attitude information for primary display to the flight crew. 
The unit is certified for providing pitch and roll attitude information for reversionary 
display to the flight crew in the primary field of view. The unit may also be used to 
stabilize aircraft equipment for example, RADAR and/or FLIR systems”. “The unit 
is not approved for aerobatic flight”. 



 
Industry: 
The AHRS integrates both Direction and Pitch and Roll Instrument (TSO/ETSO C6d and 
C4c respectively) into one instrument and also share the same start-up characteristics. 
AS 396B paragraph 6.1 (called by TSO/ETSO C4c) specifies that the “instrument 
performance” is achieved within 3 minutes after normal power is applied. For power-up 



 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
2 Declaration of Design and Performance 





http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf








starting performance SAE AS 8013 allows for starting times to be greater than 3 minutes 
provided that the “gyro speed” is monitored and that the start-up time is less than 5 
minutes.  
The AHRS uses MEMS (Micro-Electro-Mechanical Systems) in lieu of a spinning gyro 
rotor and is used as an AHRS. The AHRS is intended to be a secondary source of bank 
and pitch digital ARINC 429 data to be used by a backup attitude display or stabilization 
of equipment such as cameras. Other certified equipment providing direction gyro 
outputs such as ring laser inertial reference units may have start-up times up to 10 
minutes.  



Normal 28 VDC power start-up times for the AHRS are 7.5 minutes at -55°C (-67°F), 5.5 
minutes at 15°C (59°F) and 2.66 minutes at 70°C (158°F). 



The AHRS also operates under a 14 VDC source. Normal 14 VDC power start-up times 
for the unit are 9.3 minutes at -55°C (-67°F), 6.8 minutes at 15°C (59°F) and 4.03 
minutes at 70°C (158°F).  



During the start-up time, the AHRS is monitored and flagged invalid to ensure that the 
unit signals are not used by any other sub-system. 



 



Power Temperature Start-up Time 



-55°C (-67°F) 7.5 minutes 



15°C (59°F) 5.5 minutes 28 VDC 



70°C (158°F) 2.66 minutes 



-55°C (-67°F) 9.3 minutes 



15°C (59°F) 6.8 minutes 14 VDC 



70°C (158°F) 4.03 minutes 



 



Based on the performance tests performed, the AHRS exceeds the 3 minutes start-up 
time under cold temperature. This start-up time in excess of 3 minutes under cold 
temperature conditions has no direct impact on safety since the AHRS continues to 
monitor its output and prevents incorrect data to be transmitted to subsystems. In 
addition, this cold temperature start-up performance is within the start-up/alignment 
specification of approved inertial reference units (10 minutes). Further, it is considered 
that operationally the specified maximum of 3 minutes or actual AHRS monitored 5.5 
minutes (28 VDC source) or 9.3 minutes (14 VDC source) under severe cold climate 
conditions (-55°C) is unlikely to affect safety since it would likely take more than five 
minutes to warm up the aircraft and other systems. Finally, the AHRS is intended to be a 
secondary source of bank and pitch digital ARINC 429 data to be used by a backup 
attitude display or stabilization of equipment such as cameras. 
 



EASA:  



We accept the deviation as alternate means to meet the requirement since: 



 the achieved start-up time is in the same order of magnitude as the requirement 
for the temperature of “ambient conditions” as specified in ED14D/DO-160D 
section 3.5 (+15°C/+59°F to +35°C/+95°F).; 



 the start-up time stays within reasonable limits for the complete range of 
temperatures as specified in the equipment categories declared in the DDP. 



ETSO.DevP.41  2/3 











ETSO.DevP.41  3/3 



Additionally, the start-up time increase is compensated by a clear definition of the 
operational context in the installation manual, the DDP and the pilot’s guide. 



Note: The above deviation request had already been accepted by the FAA. 



3. ETSO-C6d – Direction Instrument, Magnetic (Gyroscopically Stabilized) 



ETSO-C6d#5. 
 
Deviate from ETSO-C6d §3.1.1 for SAE AS 8013 §4.1 for maximum “starting” time of 3 
minutes. 
 
 
Requirement:  



Per SAE AS 8013 §4.1: 
“Rated instrument performance rotor speed shall be achieved within 3 minutes after 
normal power is applied for both air and electric operated instruments. If the instrument 
incorporates a gyro speed monitoring device which provides a positive indication when 
the gyro speed is below that necessary to meet instrument performance, the starting time 
may exceed 3 minutes, but shall not be greater than 5 minutes.” 



Industry: 
Same substantiation as for ETSO-C4c#5. 



 



EASA: See EASA position for ETSO-C4c#5. 



Note: The above deviation request had already been accepted by the FAA. 
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Deviations request #42 for an ETSO approval for CS-ETSO applicable to  



Emergency Locator Transmitter (ETSO-2C126) 
Consultation Paper 



1. Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-2C126 406 MHz  



ETSO-2C126#3 
Deviate from ETSO-2C126 §3.1.1 and use EUROCAE ED-62A or RTCA DO-204A 
instead of EUROCAE ED-62 as MOPS (Minimum Operational Performance Standard) 
 
Industry: 



RTCA DO-204A has been developed to harmonise US and European requirements for 
ELT. EUROCAE ED-62 has been updated in parallel to ED-62A and consensus was 
reached on the technical requirements.  



ED-62A/DO-204A is solving the deviations ETSO-2C126#1 and #2 and allow to use the 
recent channel allocation policy as published by COSPAS Sarsat and make the 243.0 
MHz transmitter an option instead being a requirement.  



The transmitter characteristic as defined in ED-62A or DO-204A is in compliance with 
ICAO Annex 10 requirements.  



The FAA has adopted DO-204A in TSO-C126a as the current technical requirement for 
ELTs. 



Industry considers therefore that the use of RTCA DO-204A provides an equivalent level 
of safety instead of using EUROCAE ED-62 as Minimum Operational Performance 
Standard for ELTs. 
 



EASA:  



We accept the deviation as alternate means to meet the requirement. A rulemaking task 
is proposed to harmonise ETSO-2C126 with TSO-C126a. It is intended to use 
EUROCAE ED-62A as the new Minimum Operational Performance Standard (MOPS). 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Deviations request #43 for an ETSO approval for CS-ETSO applicable to  



Mode S transponder with ADS-B transmitter capability (ETSO-2C112b, C166a) 
Consultation Paper 



1. Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 
 



2. Air Traffic Control Radar Beacon System/Mode Select (ATCRBS/MODE S) 
Airborne Equipment 



ETSO-2C112b#4 
No means are provided to disable acquisition squitters when extended squitters are 
being emitted. 
 
Requirement 
EUROCAE ED-73B 3.21.2.6 c. 
Transponders equipped for extended squitter operation should have a means to disable 
acquisition squitters when extended squitters are being emitted. 



NOTE: This will facilitate the suppression of acquisition squitters when all ACAS 
units have been converted to receive the extended squitter. 



 
Industry 
We plan to comply with this provision by issuing a future software modification for the 
equipment when the regulatory guidance to do so has been issued. 
 
The means to disable the acquisition squitter is not made available at the system level. 
Access to this function is not implemented because inadvertent activation of such a 
function would render the aircraft "invisible" to TCAS.  
 
EASA 
ED-73B 1.5.1 
The use of the word SHOULD (and phrases such as "IT IS RECOMMENDED THAT ...", 
etc.) indicate that though the procedure or criterion is regarded as the preferred option, 
alternative procedures, specifications or criteria may be applied, provided that the 
manufacturer, installer or tester can provide information or data to adequately support 
and justify the alternative. 
 
EASA accepts the proposed alternative. The requirement is considered optional. 



 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 





http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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3. ETSO-C166a Extended Squitter Automatic Dependent Surveillance – 
Broadcast (ADS-B) and Traffic Information Services (TIS-B) Equipment 
Operating on the Radio Frequency of 1090 MHz 



ETSO-C166a#4 
When the latitude of the GPS position exceeds 87 degrees latitude North or South at any 
longitude (Polar Region), the ADS-B Transmitter shall encode the position as received 
from the GPS without extrapolating for latency or the required 200 ms updates. 



Requirement 
RTCA DO-260A, 2.2.3.2.3.7.3.1 Airborne Latitude Position Extrapolation Case (non-
precision): 
ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 or 21 (see 
§2.2.3.2.3.1) shall contain an estimate of the latitude position at a time of applicability 
that is within 200 milliseconds of the time that the Airborne Position Message is 
transmitted. Essentially, the original data and the encoded latitude shall be updated at 
least as frequently as every 200 milliseconds. 



DO-260A, 2.2.3.2.3.8.3.1 Airborne Longitude Position Extrapolation Case (non-
precision): 
ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 or 21 (see 
§2.2.3.2.3.1) shall contain an estimate of the longitude position at a time of applicability 
that is within 200 milliseconds of the time that the Airborne Position Message is 
transmitted. Essentially, the original data and the encoded longitude shall be updated at 
least as frequently as every 200 milliseconds. 



DO-260A, 2.2.3.2.4.7.3.1 Surface Latitude Position Extrapolation Case (non-precision): 
ADS-B Surface Position Messages with TYPE Codes other than 5 or 6 (see §2.2.3.2.3.1) 
shall contain an estimate of the latitude position at a time of applicability that is within 200 
milliseconds of the time that the Surface Position Message is transmitted. Essentially, the 
original data and the encoded latitude shall be updated at least as frequently as every 
200 milliseconds. 



DO-260A, 2.2.3.2.4.8.3.1 Surface Longitude Position Extrapolation Case (non-precision): 
ADS-B Surface Position Messages with TYPE Codes other than 5 or 6 (see §2.2.3.2.3.1) 
shall contain an estimate of the longitude position at a time of applicability that is within 
200 milliseconds of the time that the Surface Position Message is transmitted. 
Essentially, the original data and the encoded longitude shall be updated at least as 
frequently as every 200 milliseconds. 



Industry: 
In Polar Regions the required position estimation is not performed. Consequently the 200 
ms position latency criteria is not met for the transmitted position. The ADS-B Transmitter 
will inflate the NACp as described below to reflect the reduced position accuracy caused 
by this deviation. The equivalent level of safety is provided by the fact that instead of 
correcting the position a higher position error is accepted at the time of position 
transmission and the NACp is set to 6 to indicate the reduced position accuracy. 
 
In the anticipated installation scenario up to four GPS sensors may provide input.  The 
worst case total latency of all of these sensors from the Time of Applicability of the 
position information to the Time of Transmission is 1.2 seconds. The maximum cruise 
speed of our fastest anticipated installation occurs on the Citation X and is 973 km/h, or 
270 m/s. If we simply encode the GPS position without extrapolation, the along track 
displacement due to Total Latency will be 1.2 seconds times 270 m/s, or 324 meters. 
 
This is greater than the NACp = 7 boundary of 185.2 meters. It is less than the NACp = 6 
boundary of 555.6 meters. 



Comment [BJO1]: What is the 
deviation for? Is it not complying 
with the 200 millisecond 
requirement? If please state this 
and the proposal is to have a 
NACp of 6 as an EOS 
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Although this along track displacement could push the actual HFOM over the next 
closest boundary, industry believes that effect is negligible in en-route applications. By 
limiting the NACp to 6 in the Polar Regions, industry believes that this will prevent the 
aircraft from participating in more stringent applications where the uncompensated 
latency could have an undesirable effect on the performance of the application. 
 
EUROCAE ED-126/RTCA DO-303, "Safety, Performance and Interoperability 
Requirements Document for the ADS-B Non-Radar-Airspace (NRA) Application", 
December 13, 2006, Table 2 states "For 3 NM separation, the 95% accuracy of the 
horizontal position measured at D [time of transmission] shall be less than 0.3 NM (i.e., 
NACp ≥ 6)". The transmitted NACp value will meet this requirement in the Polar Regions. 
 
EASA: The Error of the GPS sensor can be assumed to be less than 200 meter = 0.124 
NM (ED-72A 3.2.3.1, 95% probability). If sending NACp = 6 (position uncertainty 
boundary ≤ 555.6 meter) this leaves approximately 355 meter for additional latency 
compensation. We accept the deviation under the condition that the combination of 
maximum Ground Speed and maximum latency is provided as limitation in the 
installation manual. Further it has to be mentioned how the installed system latency has 
to be calculated. Please take into account that Ground Speed and not Indicated Air 
Speed is provided. As consequence the mentioned 973 km/h is not the fastest Ground 
Speed, which can be expected, potential influences from altitude (air density) and wind 
have to be considered as well. Alternately the maximum ground speed for a given 
configuration may be provided as limitation. This limitation may drive the need for further 
warning systems onboard aircraft.   
 
Further we like to point out that the equipment will not meet the more stringent 
requirements for other ADS-B applications like ADS-B RAD as defined in the Safety, 
Performance and Interoperability Requirements Document for Enhanced Air Traffic 
Services in Radar-Controlled Areas Using ADS-B Surveillance (ADS-B-RAD) ED-
161/DO-318. For such application the allowed installed system latency is less.  
 



ETSO-C166a#5 
Implement the "TEST' Message with SUBTYPE=7, without a geographic filter. 



Requirement 
ETSO-C166a specifies compliance to RTCA DO-260A with Change No. 1 and Change 
No. 2. DO-260A section 2.2.3.2.7.3.2.1 states: 
Provision shall be made for a global parameter to control the transmission of the “TEST” 
Message with SUBTYPE=7. 



This parameter shall specify one of the following conditions: 
a. Inhibit transmission of the "TEST” Message with SUBTYPE=7 
b. Enable transmission of the "TEST" Message with SUBTYPE=7 
c. Enable transmission of the "TEST” Message with SUBTYPE=7 with a geographic filter 
(§2.2.3.2.7.3.2.2) 
For this version of these MOPS, the parameter shall be set as specified in subparagraph 
c, above." 



Industry: Since the publication of DO-260A, several countries have indicated a desire to 
have the ''TEST' Message with SUBTYPE=7 broadcast. The geographic filter cannot be 
enabled for this to occur. The FAA, AIR-130, sent a letter to manufacturers (see 
Appendix A) informing industry to remove the geographic filter as it is planned to be 
removed from a future release of DO-260A. 
 



Comment [BJO2]: I have seen 
this argument before and I am not 
that happy with it although it is 
valid. Appling a ground speed 
limitation to an aircraft when the 
displays and warning are based on 
airspeed is potential problem.  











EASA: We agree to the deviation. In the final draft of DO-260B the concept how and 
when to transmit Mode A code has changed.  
 
 
 
APPENDIX A: FAA Letter 
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Deviations request #43 for an ETSO approval for CS-ETSO applicable to 
Mode S transponder with ADS-B transmitter capability (ETSO-2C112b, C166a)



Consultation Paper



1. Introductory note




The hereby presented deviation requests shall be subject to public consultation, in accordance with EASA Management Board Decision No 7-2004
 products certification procedure dated 30 March 2004, Article 3 (2.) of which states:




“2. Deviations from the applicable airworthiness codes, environmental protection certification specifications and/or acceptable means of compliance with Part 21, as well as important special conditions and equivalent safety findings, shall be submitted to the panel of experts and be subject to a public consultation of at least 3 weeks, except if they have been previously agreed and published in the Official Publication of the Agency. The final decision shall be published in the Official Publication of the Agency.”



2. Air Traffic Control Radar Beacon System/Mode Select (ATCRBS/MODE S) Airborne Equipment



ETSO-2C112b#4




No means are provided to disable acquisition squitters when extended squitters are being emitted.




Requirement



EUROCAE ED-73B 3.21.2.6 c.




Transponders equipped for extended squitter operation should have a means to disable acquisition squitters when extended squitters are being emitted.




NOTE: This will facilitate the suppression of acquisition squitters when all ACAS units have been converted to receive the extended squitter.



Industry



We plan to comply with this provision by issuing a future software modification for the equipment when the regulatory guidance to do so has been issued.




The means to disable the acquisition squitter is not made available at the system level. Access to this function is not implemented because inadvertent activation of such a function would render the aircraft "invisible" to TCAS. 



EASA




ED-73B 1.5.1




The use of the word SHOULD (and phrases such as "IT IS RECOMMENDED THAT ...", etc.) indicate that though the procedure or criterion is regarded as the preferred option, alternative procedures, specifications or criteria may be applied, provided that the manufacturer, installer or tester can provide information or data to adequately support and justify the alternative.



EASA accepts the proposed alternative. The requirement is considered optional.



3. ETSO-C166a Extended Squitter Automatic Dependent Surveillance – Broadcast (ADS-B) and Traffic Information Services (TIS-B) Equipment Operating on the Radio Frequency of 1090 MHz



ETSO-C166a#4



When the latitude of the GPS position exceeds 87 degrees latitude North or South at any longitude (Polar Region), the ADS-B Transmitter shall encode the position as received from the GPS without extrapolating for latency or the required 200 ms updates.



Requirement




RTCA DO-260A, 2.2.3.2.3.7.3.1 Airborne Latitude Position Extrapolation Case (non-precision):
ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 or 21 (see §2.2.3.2.3.1) shall contain an estimate of the latitude position at a time of applicability that is within 200 milliseconds of the time that the Airborne Position Message is transmitted. Essentially, the original data and the encoded latitude shall be updated at least as frequently as every 200 milliseconds.




DO-260A, 2.2.3.2.3.8.3.1 Airborne Longitude Position Extrapolation Case (non-precision):
ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 or 21 (see §2.2.3.2.3.1) shall contain an estimate of the longitude position at a time of applicability that is within 200 milliseconds of the time that the Airborne Position Message is transmitted. Essentially, the original data and the encoded longitude shall be updated at least as frequently as every 200 milliseconds.




DO-260A, 2.2.3.2.4.7.3.1 Surface Latitude Position Extrapolation Case (non-precision):
ADS-B Surface Position Messages with TYPE Codes other than 5 or 6 (see §2.2.3.2.3.1) shall contain an estimate of the latitude position at a time of applicability that is within 200 milliseconds of the time that the Surface Position Message is transmitted. Essentially, the original data and the encoded latitude shall be updated at least as frequently as every 200 milliseconds.




DO-260A, 2.2.3.2.4.8.3.1 Surface Longitude Position Extrapolation Case (non-precision):
ADS-B Surface Position Messages with TYPE Codes other than 5 or 6 (see §2.2.3.2.3.1) shall contain an estimate of the longitude position at a time of applicability that is within 200 milliseconds of the time that the Surface Position Message is transmitted. Essentially, the original data and the encoded longitude shall be updated at least as frequently as every 200 milliseconds.




Industry:




In Polar Regions the required position estimation is not performed. Consequently the 200 ms position latency criteria is not met for the transmitted position. The ADS-B Transmitter will inflate the NACp as described below to reflect the reduced position accuracy caused by this deviation. The equivalent level of safety is provided by the fact that instead of correcting the position a higher position error is accepted at the time of position transmission and the NACp is set to 6 to indicate the reduced position accuracy.



In the anticipated installation scenario up to four GPS sensors may provide input.  The worst case total latency of all of these sensors from the Time of Applicability of the position information to the Time of Transmission is 1.2 seconds. The maximum cruise speed of our fastest anticipated installation occurs on the Citation X and is 973 km/h, or 270 m/s. If we simply encode the GPS position without extrapolation, the along track displacement due to Total Latency will be 1.2 seconds times 270 m/s, or 324 meters.



This is greater than the NACp = 7 boundary of 185.2 meters. It is less than the NACp = 6 boundary of 555.6 meters.




Although this along track displacement could push the actual HFOM over the next closest boundary, industry believes that effect is negligible in en-route applications. By limiting the NACp to 6 in the Polar Regions, industry believes that this will prevent the aircraft from participating in more stringent applications where the uncompensated latency could have an undesirable effect on the performance of the application.



EUROCAE ED-126/RTCA DO-303, "Safety, Performance and Interoperability Requirements Document for the ADS-B Non-Radar-Airspace (NRA) Application", December 13, 2006, Table 2 states "For 3 NM separation, the 95% accuracy of the horizontal position measured at D [time of transmission] shall be less than 0.3 NM (i.e., NACp ≥ 6)". The transmitted NACp value will meet this requirement in the Polar Regions.



EASA: The Error of the GPS sensor can be assumed to be less than 200 meter = 0.124 NM (ED-72A 3.2.3.1, 95% probability). If sending NACp = 6 (position uncertainty boundary ≤ 555.6 meter) this leaves approximately 355 meter for additional latency compensation. We accept the deviation under the condition that the combination of maximum Ground Speed and maximum latency is provided as limitation in the installation manual. Further it has to be mentioned how the installed system latency has to be calculated. Please take into account that Ground Speed and not Indicated Air Speed is provided. As consequence the mentioned 973 km/h is not the fastest Ground Speed, which can be expected, potential influences from altitude (air density) and wind have to be considered as well. Alternately the maximum ground speed for a given configuration may be provided as limitation. This limitation may drive the need for further warning systems onboard aircraft.  




Further we like to point out that the equipment will not meet the more stringent requirements for other ADS-B applications like ADS-B RAD as defined in the Safety, Performance and Interoperability Requirements Document for Enhanced Air Traffic Services in Radar-Controlled Areas Using ADS-B Surveillance (ADS-B-RAD) ED-161/DO-318. For such application the allowed installed system latency is less. 



ETSO-C166a#5



Implement the "TEST' Message with SUBTYPE=7, without a geographic filter.




Requirement




ETSO-C166a specifies compliance to RTCA DO-260A with Change No. 1 and Change No. 2. DO-260A section 2.2.3.2.7.3.2.1 states:



Provision shall be made for a global parameter to control the transmission of the “TEST” Message with SUBTYPE=7.




This parameter shall specify one of the following conditions:




a. Inhibit transmission of the "TEST” Message with SUBTYPE=7




b. Enable transmission of the "TEST" Message with SUBTYPE=7




c. Enable transmission of the "TEST” Message with SUBTYPE=7 with a geographic filter (§2.2.3.2.7.3.2.2)




For this version of these MOPS, the parameter shall be set as specified in subparagraph c, above."



Industry: Since the publication of DO-260A, several countries have indicated a desire to have the ''TEST' Message with SUBTYPE=7 broadcast. The geographic filter cannot be enabled for this to occur. The FAA, AIR-130, sent a letter to manufacturers (see Appendix A) informing industry to remove the geographic filter as it is planned to be removed from a future release of DO-260A.



EASA: We agree to the deviation. In the final draft of DO-260B the concept how and when to transmit Mode A code has changed. 



APPENDIX A: FAA Letter
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� Cf. EASA Web: �HYPERLINK "http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf"��http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf�









�What is the deviation for? Is it not complying with the 200 millisecond requirement? If please state this and the proposal is to have a NACp of 6 as an EOS




�I have seen this argument before and I am not that happy with it although it is valid. Appling a ground speed limitation to an aircraft when the displays and warning are based on airspeed is potential problem. 
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Deviations requests #44 for an ETSO approval for CS-ETSO applicable to  



Aircraft Microphones (Except Carbon) (ETSO-C58a)  
Consultation Paper 



 



Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-C58a – Aircraft Microphones (Except Carbon) 



Deviation ETSO-C58a#5 – -Aircraft Microphones (Except Carbon) 



Deviate from RTCA DO 214 Section 2 § 2.2.1.1 for the frequency response and use a 
frequency response tailored to the type of speaker/usage. 



Requirements: 



RTCA/DO-214 Section 2 §2.2.1.1. 
 
When tested in accordance with the test procedure in subparagraph 2.6.2.1b, the 
microphone shall have a frequency response which falls within the limits shown in Figure 
2-1. 
 
2.6.2.1 b Frequency Response 
(1) Set up and calibrate the Artificial Voice and associated equipment, according to the 
manufacturer’s instructions. Set the output frequency at 1000 Hz and the SPL to 94 dB 
SPL re: 20 µPa 6 mm from the opening. 
(2) Connect the microphone to the electrical interface shown in Figure 2-3. Set the dc 
supply voltage to 8.0 V. Set any microphone amplifier gain controls at maximum gain. 
(3) Position the microphone 6 mm from the opening. 
(4) Operate a level recorder in tandem with the sine generator (automatic mode) and run 
a frequency response curve, or manually adjust the sine generator to frequencies of 350, 
500, 700, 1000, 1500, 2000, 2500, 3000, 4000, 5000, and 6000 Hz, reading the output in 
dB own audio-frequency voltmeter for each frequency. From this data, plot a curve of the 
frequency response of the microphone. 
 



 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 





http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf








 



 
Figure 1: Frequency response from RTCA/DO- DO-214 Section 2 §2.2.1.1 



Industry: 



This active switch microphone has been especially designed for oxygen mask-regulators. 
In this context, the distribution of high and low frequencies does not follow the typical 
frequency characteristics of sound like in a traditional microphone. Therefore, this 
microphone is adjusted to compensate for this.  
 
It is understood that the overall purpose of the test in RTCA/DO-214 Section 2 §2.2.1.1 is 
to demonstrate a theoretical satisfactory intelligibility for a traditional microphone (free 
field). Industry position is that the objective of test in RTCA/DO-214 Section 2 §2.2.1.1 
for traditional microphones (see frequency curve Figure 1) is equivalent in intent to a 
specific frequency response curve tailored to an active switch microphone (see Figure 2 
below)  used in a cavity together with an appropriate demonstration of intelligibility. 
 
The curve presented in Figure 2 was determined in order to take into account the growth 
and attenuation of frequency spectrum measured in mask cavities designed by the 
applicant. For example, it was noticed that low frequencies were over-emphasised whilst 
the high frequencies were heavily attenuated. The curve was consequently designed to 
compensate these phenomenons in order to preserve the intelligibility. 
In addition, this curve is related to the applicant’s masks; consequently all microphones 
which have this frequency response will lead to good intelligibility in masks from the 
applicant. 
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Figure 2: active switch microphone frequency response 



The active switch microphone is used in a cavity. This requires different frequency 
characteristics than open field microphone technology, because of resonance 
phenomenon, waves reflecting and waves damping. The active switch microphone is 
adjusted in cavity to compensate for this and so the frequency response curve is not the 
same as an open field microphone system. 
 
This active switch microphone has been designed for good intelligibility in the cavity of 
the mask and therefore cannot match the curve or value requested in RTCA/DO-214 
Section 2 §2.2.1.1. However, the intelligibility is demonstrated in the speech intelligibility 
test, thus substantiating that the deviation from the frequency response test has no real 
impact in normal radio communication.  
A speech intelligibility test has been done to verify that the microphone fulfils the general 
recommendation regarding minimum intelligibility stated in RTCA DO-214 §1.1 (80%). 
The test has been performed according to the ANSI S3.2 – 1989, Modified Rhyme Test 
(MRT), the following test set up was used: 



 6 persons (2 women and 4 men) were speakers one time and hearer 5 times in a 
quiet room with no external acoustic stimulus. 



 The mask was equipped with the active switch microphone 
 The 3 masks of the speakers equipped with the active switch microphone (ASM2) 



are representative of the 3 masks types described in §4.2. 
 Each mask was subjected to six different persons and with the both microphones. 



For each test, a list of 50 words was generated (see Table 1 in Annex 1), 
Stimulus words used in the Modified Rhyme Test). The words were included, 
without emphasis, in the same carrier sentence, "Would you write….. now,” 



 The test was performed by the speaker reading and speaking one sentence after 
the other and the hearers should then pick the correct word among six very 
similar words (e.g. speaker : “ would you write peel now ?” - possible answer: 
peel, feel, reel, seal, keel, eel). 



In order to ensure repeatability of results with different positions of mask and 
microphone, the intelligibility tests were performed with 6 different persons. 
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Additionally, it is important to note that the performance of this active switch microphone 
is not impacted by cockpit ambient noise since the microphone is shielded from the 
cockpit ambient noise inside the mask. 



The active switch microphone, tested in those conditions, scored more than 99% and so 
passed the test with a considerable margin. For reference, the minimum threshold 
recommended in RTCA DO-214 §1.1 is 80%.  



Therefore, the active switch microphone frequency response shall be used and will not 
degrade the overall system performance. Moreover, there will be no impact on the other 
equipments performances. 



 
EASA 
EASA accepts the specific frequency response (Figure 2) and a speech quality test to 
demonstrate an equivalent level of safety for this type of active switch microphone in the 
prescribed usage conditions. The masks that are using these active switch microphones 
are closed cavity and comply with ETSO 2C78 / TSO C78a requirement. 



The usage conditions for the active switch microphone will be specified on the ETSO 
authorisation as a usage limitation:   
Used in the cavity of the ETSO 2C78/TSO C78a Crew Oxygen masks as specified in the 
DDP. 
 



 
 











Annex 1: Intelligibility Test – words list 
 



 
Table 1 
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Deviations requests #45 for an ETSO approval for CS -ETSO applicable to  



Aircraft Position Lights (ETSO-C30c)  
Consultation Paper 



 



Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-C30c – Aircraft Position Lights 



Deviation ETSO-C30c#1 – -Aircraft Position Lights 
Deviate from ETSO-C30c 3.1.1 and use SAE AS 8037A instead of AS 8037 as the 
Minimum Performance Standard for Aircraft Position Lights 



Industry: 
Industry considers the current revision A of the SAE Aerospace standard AS 8037 as the 
most appropriate requirement for Aircraft Position Lights.  



EASA: 
We accept the deviation.  



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 













  
Deviations requests #46 for an ETSO approval for CS-ETSO applicable to  



Electronic Display Systems with TCAS II (ETSO-C119c)  
Consultation Paper 



 



Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



1. ETSO-C119c – TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM (TCAS) 
AIRBORNE EQUIPMENT,TCAS II 



ETSO-C119c#1 Deviate from EUROCAE ED-143/ RTCA DO-185B subparagraph 
2.2.6.1.2.1.1 to use an off-white own aircraft symbol and white proximate and other traffic 
symbols as shown below: 



 
 
Requirements 
2.2.6.1.2.1.1 Own Aircraft Symbol  



The traffic display shall contain a symbol representing the location of the own aircraft. The colour 
of the symbol shall be either white or cyan and different than that used to display proximate or 
other traffic (see subparagraph 2.2.6.1.2.1.3).  



Note: Cyan is the preferred colour of the own aircraft symbol.  



2.2.6.1.2.1.3.c 
The symbol for Proximate Traffic shall be a white or cyan filled diamond. The colour of the 
Proximate Traffic symbol should be different than that used for the own aircraft symbol (see 
subparagraph 2.2.6.1.2.1.1) to ensure the symbol is readable.  



Note: White is the preferred colour for this symbol.  



2.2.6.1.2.1.3.d  
The symbol for Other Traffic shall be a white or cyan diamond, outline only. The colour of the 
Other Traffic symbol should be different than that used for the own aircraft symbol (see 
subparagraph 2.2.6.1.2.1.1) to ensure the symbol is readable.  



Note: White is the preferred colour for this symbol.  



 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Industry: Equivalent Level Of Safety is provided as the proposed traffic symbols are 
distinguishable and readable.  The aircraft shape and off-white colour of the own aircraft 
symbol is distinct from the white diamond proximate symbol and the black-filled white 
diamond other traffic symbol.  Each symbol also contains a black outline to help 
distinguish it from overlapping symbols or map features.  Additionally, the 
relative/absolute altitude data field and vertical climbing/descending up/down arrow that 
typically accompanies the traffic symbols further distinguish them from the own aircraft 
symbol. 



EASA: 



We consider that the presented symbols are meeting the intent of the requirements.   



 



ETSO-C119c#2 Deviate from EUROCAE ED-143/ RTCA DO-185B subparagraph 
2.2.6.6.2.(a) and 2.2.6.6.3.(a) to display “TCAS STBY” as an advisory (level 1) 
annunciation in amber instead of as an information (level 0) annunciation in white, when 
the own aircraft is airborne and the TCAS is in Standby. 



Requirements 
2.2.6.6.2 Traffic Display Annunciations  



The TCAS Traffic Display shall be capable of annunciating the following TCAS operating modes 
and failure conditions:  



a.  TCAS in Standby or turned off. (Level 0 annunciation)  



b.  TCAS operating in the TA-Only mode. (Level 0 annunciation)  



c.  TCAS has failed. (Level 1 annunciation)  



d.  The Traffic Display is unable to display traffic. (Level 1 annunciation)  



e.  A pilot initiated Self Test is in progress. (Level 0 annunciation)  



 
2.2.6.6.3 RA Display  



The RA display shall provide the capability to annunciate the following TCAS operating modes 
and failure conditions:  



a.  TCAS in Standby or turned off. (Level 0 annunciation)  



b.  TCAS operating in the TA-Only mode. (Level 0 annunciation)  



c.  The RA display has failed. (Level 1 annunciation)  



d.  The TCAS has failed. (Level 1 annunciation)  



e.  A pilot initiated Self Test is in progress. (Level 0 annunciation)  



Notes:  



1.  The annunciations shown in 2.2.6.6.2 and 2.2.6.6.3 do not have to be individually 
annunciated, or displayed on both the traffic and RA display, if that is inconsistent with 
the aircraft’s warning and caution display implementation. The status of the overall 
TCAS system and each display should be readily discernible to the crew.  



2.  Augmentation of the TA-Only annunciation shown in 2.2.6.6.2 and 2.2.6.6.3 is 
permissible when a TA is issued.  
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Industry: Equivalent Level Of Safety is provided as the lack of traffic information due to 
TCAS in Standby is annunciated. US operational regulations Title 14 CFR 91.221 
requires that “each person operating an aircraft equipped with an operable traffic alert 
and collision avoidance system shall have that system on and operating.”  An advisory 
level annunciation calls pilot attention to the TCAS not being turned on. Amber is also 
used to indicate a lack of traffic information due to TCAS failure.  In National 
Transportation Safety Board (NTSB) Safety Recommendation for A-07-35 through -37 
dated May 2, 2007, it is noted that the legacy aircraft had a white “TCAS OFF” 
annunciation but it was not noticed by flight crew until after impact.  The functional 
consequence of TCAS being off is the same as if it had failed.  The National 
Transportation Safety Board recommended that the FAA require “for existing and future 
avionics designs, that the airborne loss of collision avoidance system functionality, for 
any reason, provide enhanced aural and visual warning requiring pilot 
acknowledgement.”  While this is not yet required by EASA or the FAA, Industry agrees 
with the philosophy of indicating airborne loss of TCAS due to Standby with an amber 
visual annunciation. Note that the TCAS aural messages are a function of the third-party 
TCAS surveillance equipment and not part of the display system for which the deviation 
is requested.  Therefore an aural warning for TCAS Standby in-air is not part of this 
deviation request. 



EASA: 



We accept the deviation but want to highlight that a failing unit may produce incorrect 
information which could be more severe than an inoperative system. This fact justifies 
the difference in failure annunciation level currently specified.  
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Deviations request #47 for an ETSO approval for CS-ETSO applicable to  



Mode S transponder with ADS-B transmitter capability (ETSO-C166a) 
Consultation Paper 



1. Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 
 



2. ETSO-C166a Extended Squitter Automatic Dependent Surveillance – 
Broadcast (ADS-B) and Traffic Information Services (TIS-B) Equipment 
Operating on the Radio Frequency of 1090 MHz 



ETSO-C166a#6 
§.3.1.1 Use of EUROCAE ED-102A/RTCA DO-260B instead of DO-260A change 2 as 
the Minimum Performance Standard.  



Industry: 
The Commission and the FAA are planning a mandate to carry ADS-B out equipment 
based on EUROCAE ED-102A / RTCA DO-260B. Consequently that standard shall be 
used as Minimum Performance Requirement.  
 
EASA: We agree to the Industry position and plan to update the ETSO. See rulemaking 
task ETSO.008 Terms of Reference.  



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Deviations requests #48 for an ETSO approval for CS-ETSO-C64a (Oxygen Mask 
Assembly, Continuous Flow, Passenger) 



Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C64a - Oxygen Mask Assembly, Continuous Flow, Passenger 
 
ETSO-C64a#1 
 
Requirement: ETSO-C64a paragraph 3.1 - Minimum Performance Standard 



Standards set forth in the Society of Automotive Engineers (SAE), Inc, Document 
Aerospace Standard (AS) no AS 8025, „Passenger Oxygen Mask“ dated 24 
February 1988. 



 
Industry: Industry requests authorization to deviate from paragraph 3.1 of ETSO-C64a 
by testing in accordance with SAE AS8025A versus SAE AS8025.   
 
This version represents the most current revision of the industry standard and is 
commonly regarded to be an improvement in the certification of this part. Hence it 
provides at least the same level of safety as the previous revision.  
 



EASA: We accept the deviation as an alternate means to meet the requirement 
because: 



• by using the latest Revision A of that SAE standard an obvious improvement in 
safety of aircraft oxygen masks would be achieved. 



• Current SAE standard AS8025 Rev. A is used as the basic technical standard for 
certification of oxygen masks and their installation on CS part 25 aircraft.  



 
 
ETSO-C64a#2 
 
Requirement: SAE AS8025A paragraph 6.1.7 
Performance Tests “A”: The performance of the mask shall be established by first 
determining a typical fit leakage value on representative human subjects, and then 
testing the mask on a breathing machine that can consistently produce the minute 
volumes and tidal volumes specified in Federal Aviation Regulation, FAR 25.1443. (c)(1) 
and (c)(2). 



 
                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf





http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf








Industry: Industry requests authorization to establish the added oxygen flow rates 
versus altitude by an AMOC. The alternate approach proposed uses human testing and 
directly measuring their blood oxygen saturation to replace the initial breathing machine 
testing. The same deviation was approved by the FAA as part of the TSO-C64b 
authorization of this part. 
 
The following will summarize the alternate test method proposed by AVOX Systems and 
to describe how this alternate test method provides an equivalent level of safety to the 
existing test method specified in SAE AS8025A. 
 
Applicable Regulations:  
•  CS 25.1443 defines the minimum mass flow of supplemental oxygen required for 



passengers as the minimum mass flow required to maintain a mean tracheal partial 
pressure of oxygen as a function of altitude. CS 25.1443 also specifies the tidal 
volumes and ventilation rates assumed for the passengers as a function of altitude.  



 
SAE AS8025A specifies the test methods that should be used to determine the minimum 
flows of oxygen required to meet the specifications of CS 25.1443. SAE AS8025A 
currently specifies using a breathing machine to simulate the breathing of a human to 
determine the flow of oxygen required as a function of altitude. This breathing machine 
test uses an oxygen analyzer to measure the concentration of oxygen in a simulated lung 
to approximate what the tracheal partial pressure of oxygen would be in a human 
passenger. These oxygen flows are then verified on human test subjects by comparing 
the subject’s blood oxygen saturation levels (SaO2) with baseline values at 10,000 ft. 
and 14,000 ft. with no supplemental oxygen. The tracheal partial pressure of oxygen at 
these baseline altitudes corresponds to the requirements in CS 25.1443(c)(1) and CS 
25.1443(c)(2). 
 
Alternate Method of Compliance:  
• AVOX Systems intends to replace the breathing machine test to determine mask 



oxygen flows with testing performed on human subjects at altitude. During the testing 
performed we directly measured SaO2 levels to determine mask flows in the same 
way as currently specified in SAE AS8025A (Paragraph 6.1.8.2) to determine 
compliance with CS25.1443 in the human subjects tested at altitude. The leakage 
orifice currently employed in the breathing machine to simulate facial leakage was 
installed in each test mask with the mask sealed tightly to the subject’s face. The 
current testing in SAE AS8025A to verify flows on human subjects is unchanged. The 
subjects’ breathing rates and ventilation rates were controlled throughout the test. 
Analysis of the data obtained from this testing of human subjects was used to 
determine the oxygen flows required in the certification phase of testing.  



 
Reasons for Equivalent Level of Safety:  
• The only difference between AS8025A and our proposed AMOC is the replacement 



of the initial breathing machine tests which simulate the breathing of a human to 
determine mask flows with actual human testing at altitude. The AVOX AMOC has 
flows based on the subject’s base line SaO2 readings without supplemental oxygen 
along with breathing at specified rates; therefore, the requirements of CS 25.1443 
are met and measured in a fashion more closely resembling the actual performance 
of the mask on an aircraft passenger.  



 
• Testing based on SaO2 readings on human subjects provides a more accurate 



measurement of how much oxygen is being absorbed into the blood of the subject or 
passenger. This value is more indicative of a passenger’s oxygenation than their 
tracheal partial pressure.  
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• SaO2 readings using pulse oximetry allow for real time, non-invasive, accurate 



measurements of oxygen saturation level in the blood. This technology was not 
available at the time the current simulated breathing machine test procedures were 
developed. The only way to measure oxygen concentrations in the blood prior to 
pulse oximeters was to perform gas analysis on a freshly drawn blood sample. So 
the breathing machine test was developed to allow a simulation intended to show 
compliance to the CS requirements.  



 
Another advantage of using SaO2 levels to determine oxygen flows is that this type of 
measurement reflects physiological effects not reflected in the breathing machine test. 
The phased dilution function of the passenger mask allows for efficient transfer of oxygen 
to the lungs. Human physiology allows for more oxygen absorption in the base of the 
lungs in a sitting passenger than the top of the lungs. Passenger oxygen masks currently 
supply a pulse of pure oxygen to the base of the passenger’s lungs. This aspect of 
physiology cannot be measured using a breathing machine test that assumes the volume 
of gas in the lungs constitutes a homogenous mixture. Human physiology also allows for 
a large variation in tracheal partial pressures of oxygen without changing the blood 
saturation level of the subject. A breathing machine cannot measure this physiological 
insensitivity to changes in tracheal partial pressures accurately. 
 
EASA: We agree to the deviation, when the UK CAA comment is embodied: 
 
Quote 
… [even if] it appears intuitively better to conduct such tests on the ‘real thing’, i.e. 
human test subjects, rather than an out date breathing machine which has limitations as 
discussed, human variability should also be taken into account when comparing against 
a standardised engineering criterion. 
Unquote 
 
The mask approval will be granted only with the limitation for installation on an aircraft 
with an Alternative Means Of Compliance (AMOC) or Equivalent Safety Finding (ESF) to 
CS 25.1443(c)(2). 
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Deviations requests #49 for an ETSO approval for CS-ETSO applicable to  



Low range radio altimeters (ETSO-2C87)  
Consultation Paper 



 



Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-2C87 – Low range radio altimeters 



Deviation ETSO-2C87#1 – Low range radio altimeters 



Deviate from EUROCAE ED-30 § 3.2.3.4 to propose an additional option for a greater 
time constant of height change. 



Requirements: 



EUROCAE ED-30 § 3.2.3.4. 
 
EUROCAE ED-30 § 3.2.3.4 called by ETSO 2C87 states “When a rapid height change of 
20% of the height or 20ft (6m) occurs, whichever is greater, the lag time of the electrical 
outputs shall not exceed that corresponding to the transfer function of a first order 
system, the time constant of which is in the range of 0.1s to 0.25s.The radio altimeter 
shall not lose lock.” 



Industry: 



The radio altimeter has a software option which permits to activate by pin programming a 
specific height filter in order to have the same behaviour as analogical low range radio 
altimeter already mounted on helicopter platforms. When this option is activated, the time 
constant is greater than ED-30 requirement (typically between 0,2s and 0,45s for a 20ft 
step at 100ft) .This filter, required by previous helicopter and AFCS (auto flight control 
system) applications, just consists to slow the height response of the radio altimeter 
during height steps (due to terrain profile or platform attitude). 



EASA 
The standard radio altimeter complies with ETSO 2C87 requirements. The radio 
altimeter is able to consolidate a height compatible with the response expected from 
ETSO 2C87 requirements for rapid height changes. This deviation is related to an option 
selectable by a customer to downgrade the performance of the radio altimeter in order to 
comply with installation requirements. Even with this option, the radio altimeter does not 



 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 





http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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lose lock. This selectable option just slows down the height response. Moreover, this 
specific option is protected from unintended activation by pin programming. Finally, this 
option (additional function) will be clearly documented in the Declaration of Design and 
Performance (DDP) for the radio altimeter.  



EASA accepts this additional option with a deviation. The usage conditions for the radio 
altimeter will be specified on the ETSO authorisation as a usage limitation. 
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Deviations requests #50 for an ETSO approval for CS-ETSO applicable to 



Navigation Equipment Using Global Positioning System (GPS) (ETSO-C129a) 
Consultation Paper 



 



Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-C129a – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS)  



ETSO-C129a#13 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 



Deviate from EUROCAE ED-72A 3.2.2.3.e, (3.2.3.2.e), and 5.6.11 and use RTCA DO-
229C appendix G as barometric altitude input requirements. 



Industry: 



In subsection (3) of ED 72A 3.2.2.3.e, which is referenced in 3.2.3.2.e as well, an option 
to use alternate methodologies to incorporate pressure altitude data into the position 
calculation is already opened. In general an artificial satellite located in the centre of the 
earth at baro altitude distance is added to the position calculation for further redundancy. 
Detailed requirements and considerations for this method is provided in appendix G of 
RTCA DO-229C. The alternate performance of the proposed method is demonstrated 
through industry practise as described in RTCA DO-229C and accepted as deviation to 
ETSO-C145 and ETSO-C146. The draft ETSO-C145c, as proposed by NPA 2009-11 
refers to RTCA DO-229D. There are only editorial changes to appendix G when 
comparing revision C and Revision D of DO-229 appendix G. The revision C is 
mentioned in this case mainly to keep consistency with the existing FAA TSO 
certification. 
 
For consistency instead of the test procedure described in ED-72A 5.6.11 the more 
current DO-229C altitude model as described in DO-229C appendix G (tables G-1 and 
G-2) shall be used for the generation of baro altitude test signals for the described test 
scenarios. A dedicated test procedure will be developed using the guidance as provided 
in DO-229C G.4 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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EASA 



EASA accepts this alternative method for the barometric altitude input requirements as 
equivalent to the existing requirements.  



 



ETSO-C129a#14 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 



Deviate from EUROCAE ED-72A 5.6.8.1 and use RTCA DO-229C section 2.5.9.3.2 as 
modified by appendix R.5.6 for the GPS simulation satellite geometry scenario for tightly 
integrated GPS/inertial systems.  



Industry: 



Instead of using the fixed satellite scenario as described in ED-72A 5.6.8.1 the satellite 
scenario used in the GPS simulation tests shall be developed taking the requirements of 
DO-229C 2.5.9.3.2 in conjunction with DO-229C appendix R R.5.6 into account. This 
provides a more generalized set of geometries, which allows a better approach for the 
performance testing.  
 
The Equivalent Level of Safety of the proposed method is demonstrated through the fact 
that RTCA DO-229C is accepted as deviation to ETSO-C145 and ETSO-C146 for the 
certification of similar GNSS systems. The draft ETSO-C145c, as proposed by NPA 
2009-11 refers to RTCA DO-229D. Revision D of DO-229 adds only requirements for 
Integrity Coasting (5.6.3). The revision C is mentioned in this case mainly to keep 
consistency with the existing FAA TSO certification. 
 
The test is more stringent because DO-229C specifies a wider range of marginal satellite 
geometries that generate a wider range of HPLs. The marginal satellite geometries used 
for testing stresses the equipment’s false detection, missed detection, and failed 
exclusion performance. 



EASA 



EASA accepts this alternative method for the GPS simulation geometry as equivalent to 
the existing requirements. 



 



ETSO-C129a#15 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 



Deviate from EUROCAE ED-72A 5.6.8.3 and use RTCA DO-229C section 2.5.9.3.3 for 
Class Beta equipment as modified by appendix R.5.6 for the GPS simulation to verify the 
Missed Detection Probability scenario for tightly integrated GPS/inertial systems. 



Industry: 



Instead of using the test as described in ED-72A 5.6.8.3 for the verification of the Missed 
Detection Probability the test as described in DO-229C 2.5.9.3.3 for Class Beta 
equipment in conjunction with DO-229C appendix R R.5.6 shall be used. This provides a 
more generalized set of geometries, which allows a better approach for the performance 
testing.  
 
The Equivalent Level of Safety of the proposed method is demonstrated through the fact 
that RTCA DO-229C is accepted as deviation to ETSO-C145 and ETSO-C146 for the 
certification of similar GNSS systems. The draft ETSO-C145c, as proposed by NPA 
2009-11 refers to RTCA DO-229D. Beside editorial changes, revision D of DO-229 adds 
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only requirements for Integrity Coasting (5.6.3). The revision C is mentioned in this case 
mainly to keep consistency with the existing FAA TSO certification. 
 
The test is more stringent because DO-229C specifies a wider range of marginal satellite 
geometries that generate a wider range of HPLs. The marginal satellite geometries used 
for testing stresses the equipment’s false detection, missed detection, and failed 
exclusion performance. 



EASA 



EASA accepts this alternative method for the missed detection probability test as 
equivalent to the existing requirements. 



 



ETSO-C129a#16 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 



Deviate from EUROCAE ED-72A 5.6.8.4 and use RTCA DO-229C section 2.5.9.4.2 as 
modified by appendix R.5.3 for the GPS simulation to verify the false alarm rate scenario 
for tightly integrated GPS/inertial systems. 



Industry: 



Instead of using the test as described in ED-72A 5.6.8.4  for the verification of the false 
alarm rate the test as described in DO-229C 2.5.9.4.2 in conjunction with DO-229C 
appendix R R.5.3 shall be used. This test scenario uses much more test points.  
 
The Equivalent Level of Safety of the proposed method is demonstrated through the fact 
that RTCA DO-229C is accepted as deviation to ETSO-C145 and ETSO-C146 for the 
certification of similar GNSS systems. The draft ETSO-C145c, as proposed by NPA 
2009-11 refers to RTCA DO-229D. Beside editorial changes, revision D of DO-229 is 
equivalent to revision C. The revision C is mentioned in this case mainly to keep 
consistency with the existing FAA TSO certification. 
 
ED-72A does not specifically address tightly coupled GNSS/IRU equipment. DO-229C 
addresses in appendix R issues related to the tight GNSS/IRU coupling and has more 
stringent requirements. 



EASA 



EASA accepts this alternative method for the false alert probability demonstration as 
equivalent to the existing requirements. 



 



ETSO-C129a#17 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 



Deviate from EUROCAE ED-72A 5.6.9 and use RTCA DO-229C section 2.5.9.5 as 
modified by appendix R.5.7 for the on-line bench tests scenario for tightly integrated 
GPS/inertial systems. 



Industry: 



Instead of using the requirements as described in ED-72A 5.6.9  for the verification of the 
On-Line Integrity Tests the requirements as described in DO-229C 2.5.9.5 in conjunction 
with DO-229C appendix R R.5.7 shall be used. On-line tests must use the same scenario 
as off-line tests as requested by ED72A 5.6.9.2 a, b and DO-229C 2.5.9.5 first 
paragraph. 
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The Equivalent Level of Safety of the proposed method is demonstrated through the fact 
that RTCA DO-229C is accepted as deviation to ETSO-C145 and ETSO-C146 for the 
certification of similar GNSS systems. The draft ETSO-C145c, as proposed by NPA 
2009-11 refers to RTCA DO-229D. Beside editorial changes, in revision D of DO-229 the 
separate testing for SA-on and SA-off scenarios is eliminated. The revision C is more in 
line with the ED-72A philosophy and shall therefore been used.  



EASA 



EASA accepts this alternative method for the on-line bench tests as equivalent to the 
existing requirements. 



 



ETSO-C129a#18 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 



Deviate from EUROCAE ED-72A 5.6.8.2 and use RTCA DO-229C appendix R R.4.1 for 
the pseudo range error model scenario (SA-on case) in conjunction with a different 
model for the SA-off case for tightly integrated GPS/inertial systems. 



Industry: 



Instead of using the requirements as described in ED-72A 5.6.8.2  for the generation of 
pseudo-range errors the requirements as described in DO-229C appendix R R.4.1 shall 
be used. The pseudo range errors are generated for the SA-on and SA-off case. 
 
The Equivalent Level of Safety of the proposed method is demonstrated through the fact 
that RTCA DO-229C is accepted as deviation to ETSO-C145 and ETSO-C146 for the 
certification of similar GNSS systems. DO-229C assumes SA-on. Today the published 
US Government’s policy is to permanently set SA to off. Conducting the tests using SA-
off assures the device meets the requirement under real world conditions which 
enhances safety. 



EASA 



EASA accepts this alternative method for the pseudo range error model as equivalent to 
the existing requirements.  



 



ETSO-C129a#19 – Airborne Supplemental Navigation Equipment Using Global 
Positioning System (GPS) 



Deviate from EUROCAE ED-72A 3.2.3.1 and 5.6.6 and use RTCA DO-229C appendix R  
section R.2.1.1, R.5.4, and R.5.5 to define 2D position accuracy criteria scenario for 
Class B or C tightly integrated GPS/inertial systems. 



Industry: 



Instead of using the criteria as described in ED-72A 3.2.3.1 and 5.6.6 define the 2D 
accuracy requirements using DO-229C appendix R section R.2.1.1, R.5.4 and R.5.5. 
This deviation is applicable to sensors only having no knowledge about the flight phase. 
It is assumed that the unit is considered only as a sensor eg. Class B or C equipment. 
 
The Equivalent Level of Safety of the proposed method is demonstrated through the fact 
that RTCA DO-229C is accepted as deviation to ETSO-C145 and ETSO-C146 for the 
certification of similar GNSS systems. ETSO C129a requirements do not specifically 
address tightly-coupled GNSS/IRU equipment.  DO-229C Appendix R is specific to 
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tightly-coupled GNSS/IRU equipment and has more stringent requirements than ETSO 
C129a which enhances safety. 



EASA 



EASA accepts this alternative 2D position accuracy requirement for Class B or C 
equipment as the requirement is more stringent than the current one. 
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Deviations requests #52 for an ETSO approval for CS-ETSO applicable to  



Headsets, Speakers and Aircraft Microphones (ETSO-C57a, C58a) 
Consultation Paper 



 



Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-C57a – Headsets and Speakers 



ETSO-C57a#7 – Headsets and Speakers 



Deviate from RTCA DO-214 2.3.3.1 and provide a higher Sound Pressure Level (SPL) of 
90 -5/+18 dB instead of 90 +/- 5 dB SPL (re: 20 µPa) out of 1 mW (RMS) input signal.  



Industry: 



It has been accepted by EASA as deviation to ETSO-C58a using RTCA DO-214 as the 
Minimum Operational Performance Standard (Deviation publication ETSO-C58a#1). 
 
To allow better harmonisation with the used side tone adjustments industry has received 
demands from operators to increase the output sound pressure to values above 95 dB 
(re: 20 µPa) when providing 1 mW (RMS) to the headset or handset. Today technology 
allows providing higher sound pressure levels out of 1 mW (RMS) without producing 
distortions.  
 
A volume control is allowed to meet that requirement. Not in all cases a volume control at 
the headset or handset is practicable and there is demand designing headsets or 
handsets without internal volume control function. A volume control is provided at the 
intercom control unit in most cases. Adding resistors would be requested to meet the 
requirement by artificially reducing the efficiency of the unit. The user does not accept 
this fixed reduction as he considers the headset / handset to be muted.   
 
The user likes a system providing more loudness without increasing the amplifier 
adjustments. This can be reached by providing greater SPL values than 95 dB (re: 20 
µPa) per 1 mW of input signal. Instead of requesting an internal (adjustable) volume 
control it should be allowed to use a higher range for the Sound Pressure Level 
produced out of 1 mW (RMS). The original requirement does not specify a dedicated 
maximum value as a volume control may be used. The original requirement is already 
ambiguous. 
 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 











ETSO.DevP.52  2/4 



The user may use the loudness control function provided in the intercom or in case of the 
handset by using a greater distance between handset and ear to receive the same 
loudness as previously. The main advantage is the higher efficiency of the headset / 
handset.  
 
In consequence the system is able to provide a higher maximum SPL level at maximum 
input. To avoid damage to the ear, a limitation to maximum 125 dBA is implemented in 
the headset / handset, which works independent from the provided input power.  
 
Equivalent Level of Safety is provided by delivering more loudness in reference to the 
same input signal and by limiting the absolute generated pressure. The generated sound 
levels are equivalent to those generated by a system having an integrated volume 
control.  



EASA 



We accept the deviation provided sufficient protection against the hearing damage risk is 
provided. Substantiation is requested from each applicant for this deviation in respect to 
the means in place limiting the hearing damage risk.  



ETSO-C57a#8 – Headsets and Speakers 



Deviate from RTCA DO-214 2.3.2.1 and measure the Distortion criteria using an input 
signal of 10 mW (RMS) generating a sound pressure level of at least 110 dB (re: 20 µPa) 
instead of measuring the Distortion with a sound pressure level of 110 dB (re: 20 µPa) 



Industry: 



It has been accepted by EASA as deviation to ETSO-C58a using RTCA DO-214 as the 
Minimum Operational Performance Standard (Deviation publication ETSO-C58a#1). 
 
When using deviation ETSO-C57a#7 to RTCA DO-214 2.3.3.1 and designing a more 
effective headset being able providing a higher Sound Pressure Level (SPL) of more 
than 90 +/- 5 dB SPL (re: 20 µPa) out of 1 mW (RMS) input signal the Distortion test 
criteria has to be adopted as well.  
 
In general the distortion test is performed with 10 mW (RMS) input generating the 
requested 110 dB (re: 20 µPA) sound pressure level. This is an operation under typical 
load conditions. In case the system is more effective and able to generate higher sound 
pressure levels than requested out of 1 mW the distortion measurements shall be 
performed at 10 mW input signal as well generating higher sound pressure levels than 
required. The reason is that the unit is operated under the same load conditions – 10 
mW input signal – when performing the distortion test.  
 
Equivalent Level of Safety is provided by using the same input signal conditions than the 
original test condition requested leading to a higher sound pressure level for the test. 
Consequently the test is considered more severe.  



EASA 



We reject the deviation. The original test condition shall be used defining a sound 
pressure level for the test which is considered to be the one used under typical 
operational conditions. The use of an input power defining the test condition will not 
produce comparable results, as the speaker devices may have differences in their 
efficiency. If designing the efficiency to the extreme the generated sound pressure level 
for this test could become already dangerous for the ear. Further, it is not defined in the 
original requirement if the input level is increased or the potential available volume 
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control is adjusted to reach the request sound pressure level. The potential available 
volume control could be set to a value producing less sound pressure level as required. 
Aim is to have a limited distortion over the frequency at a typical volume defined by the 
sound pressure level.  



 



ETSO-C58a – Aircraft Microphones (Except Carbon) 



ETSO-C58a#6 – Aircraft Microphones (Except Carbon) 



Deviate from RTCA DO-214 Test procedures as detailed in 2.6.2.1, 2.6.2.3, and 2.6.2.5 
and use a supply voltage of 12 to 16 VDC instead of 8 to 16 VDC for handsets.  



Industry: 



It has been accepted by EASA as deviation to ETSO-C58a using RTCA DO-214 as the 
Minimum Operational Performance Standard (Deviation publication ETSO-C58a#1). DO-
214 provides in section 2.6 test procedures for aircraft microphones. The supply voltage 
for the microphone is provided using a dedicated electrical interface as the audio signal 
and the DC power supply share one line.  



Instead of 8 to 16 VDC a supply voltage of 12 to 16 VDC shall be used for testing.  



The limitation in respect to the low voltage supply allows the use of more complex 
internal designs for the additional specific functionality integrated into the handset.  



2.6.1.e already allows using different test procedures and equipment in case equivalent 
information can be gathered.  



It has to be understood when assessing the deviation request that the handset is used 
for intercom functions within the aircraft cabin - the communication between cabin crew, 
cockpit crew including the possibilities for announcements to the passengers. The 
system is not used for radio communication and especially not for radio communication 
in an emergency mode having potentially reduced intercom functionality - during the 
emergency mode the cockpit microphone may directly be connected to the radio 
bypassing the intercom. Installation instruction ensure that the handset is always 
connected to an intercom providing sufficient supply voltage on the microphone line 
ensuring proper operation of the unit under defined conditions.  



This deviation has been accepted in the past for headsets and no occurrence report 
indicates a problem with the modified supply voltage for the handset microphone.  



Further it has to be considered that this requirement is provided only in the test 
procedure section and not in the requirement section. The test procedures reflect a 
technology at time of standard development - 1993. As the technology may change the 
test setup may need to be adopted as well. We consider that this is the case for the 
handset as the current technology provides more functionality like a counterpart selection 
function and display backlight compared to the original pure microphone function. As all 
other microphone performance is kept and modern technology is able providing the 
needed supply voltage in the aircraft we consider that an equal level of safety is provided 
as long as the requested supply voltage requirements are clearly stated in the installation 
manual and allow for some degradation due to cable length.   



EASA 



We accept the deviation provided clear installation instructions are provided.  
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ETSO-C58a#7 – Aircraft Microphones (Except Carbon) 



Deviate from RTCA DO-214 2.2.9 and allow a lower Push to Talk switch current of 0.5 A 
instead of 1A and a higher switch contact resistance of 400 mOhm instead of 50 mOhm 
for Handsets.  



Industry: 



It has been accepted by EASA as deviation to ETSO-C58a using RTCA DO-214 as the 
Minimum Operational Performance Standard (Deviation publication ETSO-C58a#1). The 
Push to Talk (PTT) switch requirements are defined in 2.2.9. 



The communication systems installed in modern aircraft have significantly lower PTT 
currents than 1A and higher contact resistors are acceptable to the systems. To allow a 
smaller size of the contact the PTT current has been limited to 0.5 A and a higher switch 
resistor of 400 mOhm can be accepted.  



The equal level of safety is ensured by highlighting the interface definition in the 
installation instruction. The installer has to take care anyhow, that the PTT switch and the 
PTT line requirements are matching. The handset is a fixed installed device and has less 
possibilities of interchanging than a mobile PTT switch e.g. integrated into a headset or 
microphone. Further the communication is performed mainly inside the aircraft and no 
operation of radios is expected to be performed by the handset. Consequently the 
interface from the handset is provided only to the intercom system and not directly to a 
radio. 



The increase in switch resistor by maximum 350 mOhm equals to additional 11 meter 
cable length considering the use of AWG 20 wire having a typical resistor of 33 mOhm 
per meter. This shows that the increased resistor is well within the conditions the 
designer for an intercom is facing anyhow due to cable resistance.  



EASA: 



EASA is accepting the change of the interface specification for the PTT switch under the 
following conditions: 



 A clear limitation is provided in the Declaration of Design and Performance and 
the installation instruction, which limit the connection to compatible systems only. 



 The interface concerns a fixed installed unit like the handset and not mobile 
equipment like headsets or hand-microphones. 



 The unit is not used for the emergency operation of radios. 
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Deviations requests #53 for an ETSO approval for CS-ETSO applicable to  



Air Traffic Control Radar Beacon System/Mode Select (ATCRBS/MODE S) Airborne 
Equipment (ETSO-2C112b) 



Consultation Paper 
 



Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-2C112b - AIR TRAFFIC CONTROL RADAR BEACON SYSTEM/MODE SELECT 
(ATCRBS/MODE S) AIRBORNE EQUIPMENT 



ETSO-2C112b#5 – Air Traffic Control Radar Beacon System/Mode Select 
(ATCRBS/MODE S) Airborne Equipment 



Deviate from ETSO-2C112b 3.1.1 and use EUROCAE ED-73C instead of ED-73B.  



Industry: 



EUROCAE ED-73C is the most current version of the requirement standard. It is 
harmonised with RTCA DO-181D and reflects state of the art industry praxis. 



EASA 



We accept the deviation. Within the rulemaking task ETSO.007 the Notice of Proposed 
amendment NPA 2009-11 has been published proposing to adopt EUROCAE ED-73C 
as the new ETSO-C112c standard.  



ETSO-2C112b#6 – Air Traffic Control Radar Beacon System/Mode Select 
(ATCRBS/MODE S) Airborne Equipment 



Deviate from EUROCAE ED-73C 2.5.e and provide no means to inhibit the transmission 
of altitude information. 



Requirement 



EUROCAE ED-73C  2.5 e. 



The following Control and Indication functions shall be provided: 



e. Means of inhibiting the transmission of altitude information. 



 Means of inhibiting the transmissions of the altitude information, while retaining 
the framing pulses in Mode C replies and while transmitting all ZEROs in the 
altitude field of Mode S replies. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Industry 



The equipment is intended for installation and operation on aeroplanes according to 
Commission Regulation (EC) No 8/2008, OPS 1.650 (c), (k) and OPS 1.652 (c), (k), and 
on helicopters according to JAR-OPS 3.650 (c), (h), and 3.652 (c), (m). These types of 
aircraft are providing two independent pressure altitude sensors, i.e. digital Air Data 
Computer (ADC). The crew can select at least one of two ADCs to be interfaced with the 
transponder. In case of any malfunction in the ADC system the properly working ADC will 
be selected. In worst case scenario, i.e. no ADC provides reliable pressure altitude data, 
these units will be switched off by the crew. 



If the aircraft installation provides only one ADC connected to the transponder, this ADC 
will be switched off by the crew in case it provides not reliable pressure altitude data.  



No safety impact is identified because the means to inhibit the transmission of altitude 
information is transferred to the digital ADC, which is state of the art. 



The transponder complies with ED-73C chapter  
 3.5.6 a. (4) and inhibits the information pulses in the Mode C reply, under the 



condition that no valid altitude information is received by the transponder. 
 3.17.1 b. (1) and has the requested Mode S pressure altitude transmission 



capability, 
 3.18.4.2, and provides the defined Altitude Code AC and  
 3.22.2.11 and has the requested data interface. 



The deviation is related to the fact that the altitude information can not be set invalid 
manually on the transponder control unit.  



There is a provision to deactivate Mode C manually. Under that condition contrary to the 
requirement no Mode C frame is provided and Mode S altitude is provided unchanged. 



EASA 



Reference is made to EU OPS and JAR OPS 3. It has to be understood that these 
requirements are not applicable to all aircraft but only to the commercial operated ones.  



The sensitive pressure altimeter as requested by OPS requirements as well as by 
25.1303 (b) (2)/29.1303(b) and 25.1325/29.1325 are requested to be adjustable for the 
barometric pressure while the altitude connected to the transponder is derived from the 
standard atmosphere.  



Guidance for transponder installation may be found in AMC 20-13 and JAA TGL 13.  



The requirement to disable altitude transmission does have an operational background. 
In case the Air Traffic Controller (ATC) identifies the transmission of an erroneous 
altitude, ATC orders the suppression of altitude information to avoid false alarms in the 
automated collision monitoring functions either on ground or airborne. The requirement 
was introduced especially to mitigate issues with the Gillham Code interface transmitting 
erroneous altitude information in case of problems with one interface line. 



EASA accepts the deviation on the equipment level provided that the unit does not 
provide Gillham Code interface but uses other (serial) digital data busses and that the 
applicant provides clear installation instructions how to mitigate the equipment deficiency 
through specific installation features. A corresponding limitation in the installation manual 
and the Declaration of Design and Performance is requested as well.  



The acceptance is based on the restriction that the deviation will be assessed on 
installation level as well. It is assumed that there may be especially Elementary 
Surveillance installations that may be compliant with the requirement and provide 
extended altitude source selection capabilities. Enhanced Surveillance installations are 
requested to provide beside barometric altitude and other information Indicated Airspeed/ 
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Mach No, Vertical Rate, True Airspeed. The information may be delivered from the same 
Air Data Computer together with potential further information on the same data bus. The 
consequences of disabling a complete data bus have to be considered. The anticipated 
possibility to disable one dedicated ADC will not be available in all cases and has to be 
evaluated in respect to further consequences as crew work load may increase and the 
availability of some functions may be reduced. It has to be noted that pulling a breaker is 
not considered a proper deactivation method but marking the altitude information as 
invalid on the data bus may provide the requested function. 



Other manufacturers have converted the Mode A or Mode C selection possibility 
available in previous transponder models to an altitude selection mode when upgrading 
their equipment to Mode S capabilities. In the altitude suppression mode the altitude 
information is set to zero in Mode S and C but the Mode C frame information is still 
available and other Mode S data is transmitted as well.  



One potential alternate to completely disable the Mode C and not providing the Mode C 
frame information may have consequences to the required tracking capabilities of ground 
radars expecting a valid response to their Mode C interrogation. This may result in 
unexpected tracking problems. Consequently this alternate can not be accepted as 
providing an equivalent level of safety. 



It is not recommended using this deviation leading to installation restrictions for complete 
new designs but we accept it for the update of existing transponder designs to the 
current Mode S requirements. 
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Deviations requests #54 for an ETSO approval for CS-ETSO applicable to  



Static Electrical Power Inverter (ETSO-C73) 
Consultation Paper 



 



Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-C73 Static Electrical Power Inverter 



ETSO-C73#1 – Static Electrical Power Inverter 



Deviate from ETSO-C73 attached FAA Standard for Power Inverters paragraph 2.3 and 
provide 50 Hz +/- 1 % or 60 Hz +/- 1 % instead of the required 400 Hz.  



Industry: 



Deviation is requested to allow this inverter to operate at 50 Hz for the European or 60Hz 
for the US environment. The intended application is to provide a source of 115 VAC, 
50 Hz or 60 Hz for the convenience of passengers and crew for standard equipment up 
to the rated output of the inverter. Typical connected loads will be such items as battery 
chargers for laptop computers or cell phones or a wide variety of industrial and 
emergency medical applications especially on helicopters. Standard appliances which 
are designed to use 115 VAC, 50 Hz respectively 60 Hz power and which do not exceed 
the power capacity of the inverter may use this power inverter. 
 
This inverter output is not normally connected to any flight equipment.  As a result, 
aircraft safety is not at risk. All other requirements as laid down in ETSO-C73 are 
applicable to this kind of equipment providing separated power supply to certain fixed 
installed or mobile equipment. It provides the needed separation between that equipment 
and the aircraft power system. This demonstrates the equivalent level of safety for the 
deviation for the intended use. 



EASA 



We are following the FAA and accept the deviation. There is sufficient value in certifying 
such static inverters as ETSO equipment and to extend the scope of the ETSO to such 
equipment.  



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Deviation request #55 for an ETSO approval for CS-ETSO applicable to  



Crewmember Oxygen Mask (ETSO-2C78) 
and 



Oxygen Regulators, Demand (ETSO-C89) 
Consultation Paper 



 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



2. ETSO-2C78 - Crewmember Oxygen Mask 
ETSO-C89 - Oxygen Regulators, Demand 



ETSO-2C78#1 and ETSO-C89#7 



Requirement: Leakage 
ETSO- 2C78 Appendix 1 §3.3(a)  



The total inward leakage rate, with the complete mask positioned on the face 
or on a suitable test stand in a manner which simulates normal use, must not 
exceed 0.10 LPM STPD at any negative differential pressure within the range 
of from zero to 1.5 KPa (6.0 inches of water). 



 
ETSO-C89 FAA standard § 4.4 (a) 



The inward leakage of air through the regulator at sea level must not exceed 
0.1 LPM, STPD, with a suction pressure of 1.0 inches H2O applied to the 
outlet port, the oxygen supply inlet port sealed, and the diluter valve closed. 



 
Industry: Industry requests authorization to deviate from the above mentioned 
paragraphs by using the TSO-C89a inward leakage requirement as called in the SAE 
standard AS8027 §3.2.2.2. for mask mounted regulator (type IV device). 
 
The TSO-C89a standard takes into account the regulator being mask mounted (Type IV 
device). Its inward leakage requirement includes regulator, mask interface and valving. 
This requirement corresponds with MC40 series mask regulator design. 
 
For the MC40, the regulator being mask-mounted to compose a single piece of 
equipment, the inward leakage on the mask can’t be distinguished from the inward 
leakage of the regulator. So for the MC40, we propose to cumulate the mask and 
regulator inward leakage limits. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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The TSO-C89a maximum mask-regulator inward leakage is 0.2 L/min STPD. That 
corresponds to the sum of the maximum mask inward leakage (0.1 L/min STPD) as in 
ETSO-2C78 § 3.3. (a) and the maximum regulator inward leakage (0.1 L/min STPD) as 
in ETSO-C89 § 4.4 (a). 
 
For information, this test corresponds to the inward test performed on current ETSO/TSO 
already agreed INTERTECHNIQUE quick donning masks regulators. This deviation has 
already been accepted by JAA for mask regulator MLD20 Series and MRA Series [JTSO 
F.O.073 (22/12/1997) and JTSO F.O.007 (27/10/1999)]. 
 
EASA: We accept the deviation as an alternate means to meet the requirement because 
current SAE standard AS8027 is used as the basic technical standard for certification of 
crew oxygen regulators in the updated FAA TSO C89A. The TSO C89A includes the 
possibility for the oxygen regulator (type IV) to be integrated in the mask according to the 
last technological developments; it exempts such new design from some not feasible 
tests without lowering the equipment safety level. 
 



ETSO-C89#8 



Requirement: Proof pressure outlet procedure 
ETSO-C89 FAA standard § 4.5 (b) 



Straight demand and diluter demand regulators must comply with paragraphs 
4.1 through 4.4 after a negative pressure of 29 inches H2O and a positive 
pressure of 12 inches H2O are applied to the outlet port for a period of 2 
minutes. The diluter valve and the regulator inlet port must be closed during 
these two pressure tests. 



 
Industry: Industry requests authorization to deviate from the above mentioned 
paragraph by using the TSO-C89a outlet proof pressure procedure as called in the SAE 
standard AS8027 §3.2.1.2 & 3.2.1.3 for mask mounted regulator (type IV device). 
 
The exhalation valve is a part of the regulator design. Therefore, if the outlet port is 
submitted to a positive pressure (about 0.7 mbar), the exhalation valve will open before 
reaching the 30 mbar requested for the test. It is not possible to apply a positive 
pressure of 30 mbar in MC40 series regulator and thus, it is not possible to perform this 
part of the test. 
 
This design characteristic is taken into account by the AS8027 standard with the type IV 
regulator (mask mounted) which corresponds to MC40 regulator design. Only the 72 
mbar negative pressure is applied on the outlet port of type IV devices to perform the 
outlet proof pressure. 
 
EASA: We accept the deviation as an alternate means to meet the requirement because 
current SAE standard AS8027 is used as the basic technical standard for certification of 
crew oxygen regulators in the updated FAA TSO C89A. The TSO C89A includes the 
possibility for the oxygen regulator (type IV) to be integrated in the mask according to the 
last technological developments; it exempts such new design from some not feasible 
tests without lowering the equipment safety level. 
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ETSO-2C78#2 and ETSO-C89#9 
 
Requirement: Inspiratory resistance 
ETSO- 2C78 Appendix 1 §3.4(a)  



The inspiratory resistance of the mask and oxygen supply tube including the 
oxygen supply connector when inserted in an appropriate mating fitting must 
not exceed the following negative differential pressures at the corresponding 
oxygen flow rates: 



Differential Pressure  
KPa (inches H2O) 



Flow Rate  
(LPM)  



0.15 (0.6)  20  



0.37 (1.5)  70  



0.62 (2.5)  100  
 
ETSO-C89 FAA standard § 4.1 (a) 



Demand regulators must supply the following oxygen or oxygen-air flows at 
not more than the specified outlet pressures. These characteristics must be 
displayed at all altitudes, with the oxygen supply pressure at al1 values within 
the design inlet pressure range, and with the diluter valve open and closed. 



MAXIMUM OUTLET FLOW, SUCTION PRESSURE, 
LPM, ATPD:      INCHES OF WATER 



20      -------------------------------------------------------------      0.40 
70      -------------------------------------------------------------      0.80 



100      -------------------------------------------------------------      1.00 
 
Industry: The regulator being mask-mounted and thus integrating the entire inspiratory 
circuit (valves and ducts), we propose to perform the inspiratory resistance test on the 
regulator only and cumulated the maximum mask inspiratory resistance (ETSO C78 § 
3.4 (a)) and the maximum regulator inspiratory resistance (ETSO C89 § 4.1 (a)). 
 
The maximum mask-regulator inspiratory resistance considered for the test is defined as 
follows: 



Suction pressure in inches H2O (mbar) Flow 
(L/min 
STPD) 



ETSO-2C78 
§ 3.4 (a) 



ETSO-C89 
§ 4.1 (a) 



TSO-C89a 
§ 3.2.3 (type IV) 



20 0.6 (1.50) 0.4 (1.0) 1.0 (2.5) 
70 1.5 (3.75) 0.8 (2.0) 2.3 (5.7) 
100 2.5 (6.25) 1.0 (2.5) 3.5 (8.7) 



 
For information, this deviation has already been accepted by JAA for mask regulator 
MLD20 Series and MRA Series [JTSO F.O.073 (22/12/1997) and JTSO F.O.007 
(27/10/1999)]. 
 
EASA: We accept the deviation as an alternate means to meet the requirement because 
current SAE standard AS8027 is used as the basic technical standard for certification of 
crew oxygen masks and regulators and their installation on FAA part 25 aircraft. in the 
updated FAA TSO C89A. It includes the possibilities that the oxygen regulator can be 
integrated in the mask (type IV) according to the last technological developments. It 
exempts for such new design some not feasible tests without lowering the equipment 
safety level. 
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ETSO-C89#10 



Requirement: Outlet and Overall leakage 
ETSO-C89 FAA standard § 4.4 (c) [outlet leakage] 



The regulator outlet leakage must not exceed 0.01 LPM, STPD, with the 
regulator outlet port open and any oxygen supply pressure within the 
specified operating range applied at the regulator inlet port. 



ETSO-C89 FAA standard § 4.4 (d) [overall leakage] 
The regulator overall leakage must not exceed 0.01 LPM, STPD, with the 
regulator outlet port sealed and the regulator inlet port pressurized to a value 
equal to the maximum specified oxygen supply pressure. 



 
Industry: The exhalation valve being part of the regulator, the regulator outlet leakage 
(ETSO-C89 §4.4 (c)) and the regulator overall leakage (ETSO-C89 4.4 (d)) cannot be 
measured separately. As detailed in Figures 1 and 2, the outlet leakage becomes an 
overall leakage as soon as the outlet port is plugged or restricted. 
 
We propose to perform only one regulator leakage test and cumulate the maximum 
outlet leakage (0.01 L/min STPD as per TSO-C89 § 4.4. (c)) and the maximum overall 
leakage (0.01 L/min STPD as per TSO-C89 § 4.4 (d)). Though, the maximum regulator 
leakage considered for the test is 0.02 L/min STPD. 
 
For information, this deviation has already been accepted by FAA for mask regulator 
MF20 Series [TSO document ref: GE/vk/12/04/Intertechnique (04/12/1998)]. 
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FIGURE 1: REGULATOR OVERALL LEAKAGE 
Due to expiratory valve, it is not possible to identify and measure separately outlet 
leakage and overall leakage. 
To perform the overall leakage, the regulator outlet is plugged. If the regulator has an 
outlet leakage, the only possibility is a leak from the oxygen supply inlet to the regulator 
outlet between the main valve and the casing. With the outlet plug, the leak will increase 
the pressure in the breathing chamber and will be considered as expiration by the 
expiratory valve. 
The expiratory valve will open under the breathing pressure chamber increase (around 
0.7 mbar) and the outlet leakage becomes a part of the regulator overall leakage. 
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FIGURE 2: REGULATOR OUTLET LEAKAGE 
Due to expiratory valve, it is not possible to identify and measure separately outlet 
leakage and overall leakage. 
To perform the outlet leakage, the regulator outlet is restricted and the leakage 
measured with a rotameter. If the regulator has an outlet leakage, the only possibility is a 
leak from the oxygen supply inlet to the regulator outlet between the main valve and the 
casing. With the outlet restriction, the leak will increase the pressure in the breathing 
chamber and will be considered as expiration by the expiratory valve. 
The expiratory valve will open under the breathing pressure chamber increase (around 
0.7 mbar) and the outlet leakage becomes an overall leakage not measured by the 
rotameter. 



EASA: We agree to the deviation because in the new generation crew oxygen mask 
regulator design, being the regulator integrated with the mask, the exhalation valve is 
part of the regulator itself, therefore the regulator outlet and overall leakage cannot be 
measured separately as explained in the industry position. 
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Deviation request #56 for an ETSO approval for CS-ETSO applicable to  



Aircraft Microphones (ETSO- C58a) 
Consultation Paper 



 



Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-C58a – Aircraft Microphones (Except Carbon) 



ETSO-C58a#8 – Aircraft Microphones (Except Carbon) 



Deviate from RTCA DO-214 2.2.2 to allow 3.5 dB instead of the required 5 dB output 
increase when doing the 6 dB sound pressure increase test. 



Requirement: 



RTCA DO-214 is an accepted minimum performance standard for aircraft microphones. 
See EASA deviation ETSO-C58a#1 and FAA TSO-C139. 



RTCA DO-214 requires for aircraft microphones in paragraph 2.2.2.1 performing a 
distortion test in accordance with the test procedure of paragraph 2.6.2.3. Beside a 
maximum of 5 % distortion over the frequency range from 350 to 6000 Hz it is required 
that an increase of the sound pressure input by 6 dB, at the frequency of the output 
maximum, must lead to a further output increase of at least 5 dB.  



The test procedures are requesting to use a certain interface for the microphone as 
specified in DO-214 figure 2-3 to simulate the aircraft interface. 



Industry: 



DO-214 2.6.1 a) requires setting up the circuits of the equipment in a way aligned and 
otherwise adjusted for operation in accordance with our specification. We have specified 
using a low impedance interface for our microphone and when doing so we are meeting 
the so called head room requirement as specified by 2.2.2.1. But when setting up the test 
as specified in figure 2-3, using higher impedance values than we specify, the 
microphone will start clipping when operated at the minimum allowed supply voltage.   



Equivalent level of safety is demonstrated once trough the fact that when operating the 
unit in accordance with the installation instruction the required performance can be 
demonstrated and further by performing a Speech Transmission Index (STI) test in 
accordance with EN 60268-16 using the Rapid Speech Transmission Index (RASTI) 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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method showing that the degradation will influence the speech intelligibility only marginal. 
It will be demonstrated that the speech intelligibility will remain within 95% of the initial 
value and in all cases above the established minimum value. 



In addition a speech quality test has been performed. When analysing the test it became 
obvious that the effect is marginal as during speech the signal distortion is only 
applicable for the very short sequence of peak volumes not needed for speech 
intelligibility. 



EASA 



We accept the deviation from RTCA DO-214 for handsets. A further assessment is 
requested for area microphones which are not only aiming at speech recording but are 
used to record the background noise as well.  
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Deviation request #57 for an ETSO approval for CS-ETSO applicable to  



Traffic Alert and Collision Avoidance System (TCAS) airborne equipment, TCAS II 
(ETSO-C119c) 



Consultation Paper 
 



Introductory note 



The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-C119c – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



ETSO-C119c#3 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from ETSO-C119c paragraph 3.1.2 for the environmental standard to be 
unchanged from the original basis of an existing TCAS II product for a software upgrade 
limited to the changes introduced by EUROCAE ED-143/RTCA DO-185B (also known as 
“TCAS II version 7.1”).  



Requirement: 



ETSO-C119c paragraph 3.1.2 for the environmental standard refers to CS-ETSO 
Subpart A paragraph 2.1: 



2.1 Environmental standards: 



Unless otherwise stated in paragraph 3.1.2 of the specific ETSO, the applicable 
environmental standards are contained in EUROCAE/RTCA document ED-14D change 
3/DO-160D change 3 “Environmental Conditions and Test Procedures for Airborne 
Equipment”, dated December 2002, or ED-14E/DO-160E dated March 2005 or ED-
14F/DO-160F dated March 2008. 



It is not permissible to mix versions within a given qualification programme. 



Industry: 



Equivalent level of safety is demonstrated for the current installations since the software 
upgrade does not impact the environmental conditions. In current installations, the 
upgraded units are fully interchangeable with the previously installed units. The upgraded 
units implement TCAS II version 7.1 as specified in EUROCAE ED-143/RTCA DO-185B. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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EASA 



EUROCAE ED-143/RTCA DO-185B MOPS (Minimum Operational Performance 
Standards) were revised in order to address two safety issues in the existing TCAS 
version 7.0 logic as embedded in ETSO C-119b and FAA TSO TSO-C119b. EASA 
published ETSO C119c2 in December 2009 and FAA published TSO C119c in April 
2009. 



On 25 March 2010, EASA published Notice of Proposed Amendment (NPA) No. 2010-
033 containing a draft opinion for a Commission Regulation for the requirements 
applicable to airspace usage. The purpose was to mandate the carriage of TCAS II with 
collision avoidance logic version 7.1 for all turbine-powered aeroplanes having a 
maximum certificated take-off mass exceeding 5700 kg or authorised to carry more than 
19 passengers operating within European airspace. Appendix C of NPA No. 2010-03 
provides the rationale for this proposal. This NPA No. 2010-03 also introduced Draft 
Decisions for Acceptable Means of Compliance related to the implementing rules for 
Airspace User and to the Airworthiness Certification Considerations for the Airborne 
Collision Avoidance System (ACAS II). The Comment Response Document (CRD)4 to 
the above mentioned NPA No. 2010-03 was published in September 2010.  The EASA 
Opinion 05/20105 6 for a Commission Regulation laying down common airspace usage 
requirements and operating procedures and the draft regulation7 were released in 
October 2010. 



This NPA No. 2010-03 was part of a series of actions initiated by the Agency to address 
the issues associated with identified deficiencies with the ETSO C119b/TSO C119b 
TCAS II version 7.0 collision avoidance logic. 



These actions also included: 



 issue of Safety Information Bulletin (SIB) 2009/168; 



 issue of revised ETS0-C119c9. 



We accept the deviation to keep the existing EUROCAE ED14/RTCA DO160 basis for 
the software upgrade limited to the changes introduced by EUROCAE ED-143/RTCA 
DO-185B (also known as “TCAS Change 7.1”). The associated Declaration of Design 
and Performance (DDP) will have to clearly state the EUROCAE ED14/RTCA DO160 
basis and identify it as a deviation to ETSO-C119c. The ETSO authorisation will clearly 
state that the acceptability of the EUROCAE ED14/RTCA DO160 basis will have to be 
assessed for new installations. Similarly, the FAA has accepted major software 
modification for TCAS II Change 7.1 of TSO-C119b products as TSO-C119c with 
deviations without enforcing the application of RTCA DO-160F for environmental testing 
as required by TSO-C119c. 



A summary of the background information related to TCAS II version 7.1 can be found on 
the Eurocontrol Web site at the following address: 
http://www.eurocontrol.int/msa/public/standard_page/ACAS_Upcoming_Changes.html 



                                                 
2http://easa.europa.eu/ws_prod/g/doc/Agency_Mesures/Agency_Decisions/2009/cs_etso_5/Annex%20II%2
0-%20ETSO.pdf 
3 http://easa.europa.eu/ws_prod/r/doc/NPA/NPA%202010-03.pdf 
4 http://easa.europa.eu/rulemaking/docs/crd/CRD%202010-03.pdf 
5 http://easa.europa.eu/agency-measures/opinions.php 
6 http://easa.europa.eu/agency-measures/docs/opinions/2010/05/Opinion%2005-2010.pdf 
7http://easa.europa.eu/agency-
measures/docs/opinions/2010/05/Draft%20Regulation%20laying%20down%20common%20airspace%20us
age%20requirements%20and%20operating%20procedures.pdf 
8 http://ad.easa.europa.eu/ad/2009-16 
9http://easa.europa.eu/ws_prod/g/doc/Agency_Mesures/Agency_Decisions/2009/cs_etso_5/Annex%20II%2
0-%20ETSO.pdf 
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Deviations request #59 for an ETSO approval for CS-ETSO 
applicable to an Aircraft Seat (ETSO-C127a) 



Introductory note 
The hereby presented Deviations request shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products 
certification procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted 
to the panel of experts and be subject to a public consultation of at least 3 weeks, 
except if they have been previously agreed and published in the Official Publication 
of the Agency. The final decision shall be published in the Official Publication of the 
Agency.” 



 



Identification of issue 
An applicant submitted to EASA a deviation request against CS-ETSO-127a for a 
Passenger / Crew seat (type B) to be installed on Part 27 and Part 29 rotorcraft.  



ETSO-C127a is addressing rotorcraft, transport aeroplane, and normal and utility 
aeroplane seating systems. 



 



Requirement 
ETSO-C127a, Appendix 1, paragraph 2.2.3: 



Type B-Transport Rotorcraft passenger, flight attendant, and observer seat cushion 
systems shall be tested and shall meet the fire protection provisions of Appendix F, 
Part II of 14 CFR Part 25, as required in 14 CFR 25.853(c) effective February 2, 1995 
and 14 CFR 29.853(b) effective October 26, 1984 respectively, or the equivalent 
shall be demonstrated by analysis (similarity) to provide equivalent protection. 



Industry 
Deviation request, dated 25th January, 2011 – Aircraft Seats 



Deviating from ETSO-C127a, Appendix 1, paragraph 2.2.3 by meeting, instead of the 
acceptance criteria set forth Appendix F, Part II of CS25, the alternative acceptance 
criteria contained in FAA memorandum ANM-115-07-002 “Policy Statement on 
certification for flammability of lightweight seat Cushions” (dated 16th April 2009).  



 
Background: 



The ETSO-C127a refers to Appendix F, Part II of CS25, which contains testing 
requirements for aircraft seat cushions. 
Historically, seat cushions have been treated the same, regardless of their 
weight/density. The policy and guidance that exist for seat cushion tests have applied 
equally to all seat cushions, regardless of their type. Industry has expressed concern 
that the test method unfairly screens out lightweight cushions. 
                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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The FAA conducted research to see whether alternative criteria might be appropriate 
for certain lightweight seat cushions. The program consisted of full-scale and 
laboratory scale fire tests to assess the impact on survivability of various cushion 
types, and correlate that with laboratory results. The results of this research are 
documented in DOT/FAA/AR-06/49, dated March 2007, and provide the basis for the 
above policy. 



Equivalent Level of Safety: 



In order to establish equivalent criteria for lightweight seat cushions as compared 
with cushions that literally satisfy Appendix F, both the weight loss and burn length 
criteria need to be adjusted. This is because weight loss alone does not capture the 
tendency of the cushion to spread a fire. The current pass/fail criteria, i.e., less than 
10% weight loss, and no more than 43 cm (17”) burn length, provide a good indicator 
that the fire is having a relatively minor effect on the cushion. If the weight loss 
percentage is to be increased, another way of assessing the overall effect of the fire 
is needed. The burn length becomes a more direct indicator of the tendency to 
spread the fire. Therefore, while the weight loss percentages are increased based on 
the weight ratio of the cushion specimen set, the burn length criteria are decreased. 
The higher the percentage weight loss allowable, the more stringent the burn length 
criteria. Judging from the research data, there are several cushion types that provide 
satisfactory fire safety but would not be usable without these criteria. 
 
1. The test method in Appendix F, part II (or DOT/FAA/AR-00/12, the Aircraft 



Materials Fire Test Handbook, chapter 7) is unchanged. Only the pass/fail criteria 
are altered if the seat satisfies the “lightweight” designation below. 



2. A lightweight seat cushion is defined as one for which the total weight of the 
specimen set required by Appendix F, part II is less than 3 lbs. 



3. The following table provides revised pass/fail criteria coming from the research 
data: 



 
Acceptance Criteria 



Total specimen 
set weight (lbs) 



Average Ratio of 
Cushion Weight to 



Cover Weight 



Permissible 
Weight Loss (%) 



Permissible Burn 
Length (Inches) 



1.8 to 2.0 12 16 
1.5 to 1.79 14 15 
1.1 to 1.49 16 14 
.60 to 1.09 18 13 



Less than 3 



0 to .59 20 12 



 



EASA: 
We accept the deviation as an alternate means to meet the requirement.  
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Deviation request #62 for an ETSO approval for CS-ETSO applicable to  



VOR Receiving Equipment (ETSO-2C40c) and Traffic Advisory System airborne 
equipment (ETSO-C147) 



Consultation Paper 
Introductory note 



The hereby presented deviation request shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 
ETSO-2C40c – VOR Receiving Equipment Operating Within the Radio Frequency 
Range 108-117.95 Megahertz 



ETSO-2C40c#1 Deviate from ETSO-2C40c (EUROCAE ED-22B Section 5.2.9 - 
Measurement Procedure) to have a deflection response of 0.5 to 2.7 seconds instead of 
0.5 to 2 seconds. 



Requirement: 



5.2.9 Deflection response 



Equipment required 



 Two RF signal generators 



 Two AF VOR signal generators (the measurement can be conducted with a 
combining unit of RF and AF VOR generators if the latter includes a device 
permitting a rapid change from one VOR radial to another). 



 Deviation indicator or a microampermeter of equivalent resistance 



 Stop watch or electronic counter 



Measurement procedure 



Apply to the receiver input a 1 000 microvolt (-53 dBm) standard VOR test signal at the 
selected channel frequency and adjust the OBS on the selected VOR radial to produce 
zero deviation. 



Arrange a means of permitting a rapid shift (less than 0.1 second) to the second RF/AF 
generator combination so that an input signal on the selected channel and at the same 
level (1 000 microvolts) but on a radial 10 degrees removed from the first radial can be 
applied to the receiver. 



After the first measurement, rapidly apply the second signal and measure the time (with 
the stop watch or the counter) from the moment of signal transfer to the moment when the 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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deviation indicator has reached 70% of the final position. This time shall be within 0.5 
and 2 seconds. 



Industry: 
Equivalent Level of Safety is provided because an additional 0.7 seconds is trivial 
compared to pilot response time and aircraft time constant.  Autopilot performance is not 
affected since the VOR closed loop frequency response is in the range of 0.1 to 0.15 
radians/sec.  Additional delay of up to 0.7 second may reduce the autopilot phase margin 
(in the VOR mode only) by 4.0 to 6.0 degrees, which will not affect safety and should not 
appreciably affect the flight control system response  since  typical autopilot design 
phase margin is  45 degrees or more. The slower response time is resulting from 
optimised filtering out of disturbances. 



 
EASA: We agree to the requested deviation. The delay time may not be so important to 
significantly affect the accuracy of the flight path. Nevertheless it is required to state this 
extra delay time clearly in the installation manual and the DDP to allow proper flight 
testing especially for unstable airframes during installation. For unstable airframes the 
phase margin is in general more critical. 
 
ETSO-147 – Traffic Advisory System (TAS) Airborne Equipment 



ETSO-C147c#6 Deviate from ETSO-C147 Appendix 1 paragraph 3.1.1 and show only 
the warning with the higher priority in case of multiple warnings are applicable 
simultaneously. 



Requirement: 



3.1.1. A visual “Traffic” annunciation, shall be provided for the duration of the TA. 



Industry: 
Due to screen size constraint, the traffic annunciation shares a space on the display with 
TAWS annunciations.  If there are no higher-priority TAWS annunciations in effect, the 
traffic annunciation will be displayed for the duration of the TA; however if there are, 
higher-priority TAWS annunciations will be displayed until their conditions are no longer 
valid before traffic annunciation is displayed.  The order of priority for the visual display of 
the annunciation is: TAWS Alerts (Obstacle and Terrain), Traffic (TA), Terrain Fail, 
Terrain N/A, Terrain Test and Terrain Inhibit.  For TAWS alerts, the prioritization follows 
the order described in Table 4-2 of ETSO-C151b.  Equivalent level of safety is provided 
by the display of higher priority TAWS annunciations first as required by ETSO-C151b. 
 
EASA: We agree to the requested deviation and the proposed approach to solve 
contradicting requirements in case of limited display space available. In addition to the 
visual annunciation an aural alert is requested for TCAS I systems (RTCA/DO-197A 
2.2.15) which will still warn the pilot. To allow clear identification of the most important 
aural alert, AMC 25.1322 asks to prioritise and provide them by order of priority in case 
they can not been clearly separated. In analogy we allow prioritising of visual alerts as 
well. 
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Deviation request #64 for an ETSO approval for CS-ETSO applicable to  



Traffic Alert and Collision Avoidance System (TCAS) airborne equipment, TCAS II 
(ETSO- C119c) 



Consultation Paper 
 



Introductory note 



The hereby presented deviation request shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



 



ETSO-C119c#8 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.7.2.5.2.3, specifically the 
requirement that the system receive valid radio altitude for 5 consecutive TCAS 
processing cycles before issuing TA/RAs at power off/on system reset.  The deviation 
allows for a shorter validation time be permitted as long as the monitoring adequately 
provides for at least 5 valid radio altitude samples before issuing an RA or Traffic 
Advisory.  



Requirement: 



2.2.7.2.5.2.3 Monitor Verification of Radio Altitude Source Prior to Issuance of Traffic or 
Resolution Advisories 



In the event of a power off/on system reset, the Monitor shall verify that a radio altitude 
source has provided data for five consecutive TCAS processing cycles without a failure 
indication (see also subparagraph 2.2.7.2.5.2.5) prior to allowing TCAS to issue either 
Traffic or Resolution Advisories. It is required that such a verification be performed even 
when TCAS is in the Standby mode of operation. If such verification cannot be achieved 
within the ten TCAS processing cycles immediately following a power off/on system 
reset, the Monitor shall declare a TCAS failure. 



Industry: 



The proposed validation method has been used in over 10,000 certified TCAS systems 
since the introduction of the requirement as part of ACAS or TCAS change 7.0 for over 
10 years with No reported issues. 



A TCAS Processing cycle is defined as a 1 second period.  Therefore, this requirement is 
interpreted to mean that 5 seconds of consecutive valid radio altitude inputs (at a 
minimum of 1 sample per second) is required to be received before radio altitude is 
declared valid. The primary purpose of this requirement is to prevent a TCAS issuing an 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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advisory before it has adequately determined that it has sufficient altitude above the 
ground to annunciate advisories or to annunciate descend advisories. 



The proposed system insures that radio altitude is valid before issuing a resolution 
advisory after a power on/off system reset.  The system samples radio altitude 10 times 
per second. Therefore, in one second the system has more samples than the assumed 
“model” for TCAS processing in the MOPS in 5 seconds (only 5 samples). Therefore, in a 
shorter time it achieves an equivalent level of confidence in the radio altitude status.  The 
system will not issue Traffic Advisories or Resolution Advisories if at power on/off the 
Radio Altimeter source is invalid.  



EASA: 



We accept the deviation as the proposed mitigation is meeting the intent of the 
requirement.  



 



ETSO-C119c#9 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.7.2.5.1 and set the system 
into TCAS standby after 6 consecutive processing cycles of non-credible pressure 
altitude instead of failing the system after 5 consecutive TCAS processing cycles. 



Requirement: 



2.2.7.2.5.1 Barometric Altitude Monitoring 



Note: The Collision Avoidance System (CAS) logic determines credibility of the 
barometric altitude source. The determined credibility will be either "credible" or "not 
credible". 



Each TCAS processing cycle, the CAS logic will provide the Monitor with the status of 
own aircraft’s barometric altitude source credibility. The Monitor shall declare a TCAS 
failure when this status has been "not credible" for five consecutive TCAS processing 
cycles. Unless this status has been "not credible" for five consecutive TCAS processing 
cycles, the Monitor shall not declare a failure. 



Industry: 



This deviation has been previously certified and fielded into over 10,000 systems with the 
introduction of ACAS / TCAS Change 7.0 (2000) 



A TCAS processing cycle is the same as a 1 second processing cycle. 



The TCAS monitor is required to fail the system if the pressure altitude input is non-
credible for five consecutive seconds. 



The system will place the TCAS into Standby (equivalent to a TCAS system failure) after 
the pressure altitude has been non-credible for 6 consecutive seconds and in which the 
last 3 seconds the pressure altitude filter (which checks for credibility) has attempted to 
reinitialize its tracker. 



Rationale 



The purpose of this deviation is to attempt to prevent nuisance “failures” in the cockpit. 
The algorithm defined in the MOPS to check for credibility provides for no re-initialization. 
Allowing the altitude filter to reinitialize after 3 consecutive seconds of non-credible data 
for an additional 3 seconds should significantly reduce nuisance failures. The algorithm 
meets the spirit and intent of the MOPS requirement. Altitude faults, such as loss of data 
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or failed data, are indicated with a standard TCAS system failure. Transition to TCAS 
standby is used only for the short term credibility monitor for extreme accelerations or 
rates. Setting TCAS to standby is one accepted method to showing that the TCAS is not 
available. It is the same annunciation that is shown when the pilot selects “ATC Off” or 
“Alt Off” on the transponder control panel. The system automatically reconfigures to the 
normal / selected operating mode once the altitude passes the required credibility 
monitoring. 



Going to TCAS standby instead of annunciating TCAS fail is also seen as operationally 
beneficial because it prevents unnecessary removals of TCAS as follow on maintenance 
action to the failure indication. 



EASA: 



We accept using 6 instead of the required 5 seconds to initiate a resulting action, in case 
the additional filtering is able to reduce the nuisance alarms.  



Based on the existing approved installations we accept as well on the equipment level to 
annunciate the TCAS unavailability as follow on action resulting from missing altitude 
information by going into the standby mode. As condition to accept the deviation we 
demand that the operating instructions describe clearly the behaviour to allow proper 
pilot awareness.  



It is expected that the resulting failure annunciation is only a transient condition, as it is 
expected that the altitude information, even if wrong or corrupted, will establish again at a 
certain value, which will be considered valid again by the filter as it is not expected to 
maintain extreme accelerations or rates for longer periods.  



ETSO-C119c#10 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.3.12 and use power 
dependent suppression times. 



Requirement: 



2.2.3.12 Aircraft Suppression Bus 



The TCAS II equipment shall issue a 70 ±1 microseconds suppression pulse to other on-
board aircraft equipment beginning at each interrogation transmitted from the top-
mounted antenna. The TCAS II equipment shall issue a 90 ±1 microseconds 
suppression pulse to other equipment for each interrogation from the bottom antenna. 



The TCAS II equipment shall be designed to accept and respond to interference 
suppression pulses from other electronic equipment in the aircraft (to disable it while the 
other equipment is transmitting). The TCAS equipment shall regain normal sensitivity, 
within 3 dB, not later than 15 microseconds after the end of the applied interference 
suppression pulse. 



Note: The suppression duration must be longer than the interrogation to ensure the on-
board transponder does not respond to reflections of the TCAS II interrogations from the 
ground. The durations specified above have been determined experimentally to be 
adequate for this purpose. This document does not establish the design parameters of 
the interference suppression system other than the durations. However, it is recommend 
that all sources of interference suppression pulses be DC coupled and sinks be AC 
coupled. This standardization will prevent source or sink failures from disabling all users 
of the interference suppression pulses. 



ETSO.DevP.64 Rev. A  3/11 











ETSO.DevP.64 Rev. A  4/11 



Industry: 
Use of variable suppression times for Air Traffic Control Radar Beacon System ATCRBS 
(transponder) and Mode-S interrogations is based on interrogation power and antenna. 
An algorithm for determining suppression times is given below: 



T = maximum of [( Tmax * 10 (APT/20) ) or 30] 



where: 



T   = suppression time in microseconds 



Tmax  = 70 microseconds for top antenna transmissions 



  = 90 microseconds for bottom antenna transmissions. 



APT  = power transmitted relative to the maximum power out in db 



The suppression time is varied based on interrogation power to reduce the amount of 
time that own transponder is suppressed from transmitting. Having a fixed suppression 
time for all interrogations causes excessive, unnecessary own transponder off time 
during low power interrogations.   



The following table defines the suppression time for each antenna as a function of the 
power attenuation from nominal (54 dBm).  The values apply to both short and long 
Mode-S transmissions as well as Mode-C transmissions. Long Mode-S interrogations are 
performed at full power so the suppression time uses the 0 reduction column of the table. 



EPR Reduction relative to full power
(dB)



0 1



70 60Suppression time for Top antenna
(usec)



90 80Suppression time for Bottom antenna
(usec)



2 3



55 50



70 60



4 5



45 40



55 50



6 7



35 30



45 40



8 9



30 30



35 30



>9



30



30
 



 



The table below provides the total duration of TCAS UF=0 and Mode C transmissions. 



 



Transmission Duratioin 
(μsec) 



Mode S  UF=0 21 



Mode S UF=16 35 



Mode C (not including S1) 23 



EASA: 



We accept the deviation providing sufficient protection time for other on board systems 
and takes into account that the multi-path effects, which could potentially lead to 
interference after having finished the transmission, are transmitting power dependent.  



 











ETSO-C119c#11 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.5.4.1.1, 2.2.4.5.4.1.2 and 
suppress the S1 pulse on the two lowest power interrogations in a whisper-shout 
sequence. 



Requirement: 



Note to figure 2.7: In the last steps of each quadrant no S1 pulses are transmitted.  



Industry: 



The system does not transmit an S1 on the two lowest power interrogations in a whisper-
shout sequence. 



Rationale 



By eliminating the S1 pulse on the two lowest power interrogations instead of the lowest 
power interrogations the system increases the likelihood of acquiring in-close Air Traffic 
Control Radar Beacon System ATCRBS (transponder) equipped aircraft. The purpose of 
the S1 pulse is to prevent closer intruders from replying and overlapping replies of longer 
range intruders.  



The Minimum Operational Performance Standard (MOPS) requires that the S1 pulse not 
be included in the lowest power interrogation to make sure that all “in close” ATCRBS 
transponder equipped intruders reply. Eliminating S1 on the first two low power 
interrogations increases the likelihood that the system will receive two replies from 
different whisper shout interrogations from in-close intruders. 



EASA: 



We accept the deviation. 



 



ETSO-C119c#12 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.5.4.1.1, 2.2.4.5.4.1.2  
and use a whisper-shout interrogation sequence for a bottom directional antenna with ten 
total interrogation steps. 



Requirement: 



A sequence is provided for a bottom omni-directional antenna only.  



Industry: 



This whisper-shout interrogation design has been employed in over 15,000 previously 
certified TCAS since 1990. 



The Minimum Operational Performance Standard (MOPS) does not specify a whisper-
shout interrogation sequence for a bottom directional antenna, but only for a bottom 
omni-directional blade antenna. 



The system employs a bottom directional antenna instead of the MOPS specified omni-
directional blade antenna. As a result, the whisper-shout sequence is different to 
accommodate the different antenna characteristic.  
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Use of a bottom directional antenna is accepted as an industry standard. The additional 
interrogations are accounted for appropriately in the interference limiting equations so 
that the channel load is controlled.  For an Air Traffic Control Radar Beacon System 
(ATCRBS) transponder equipped aircraft density of 0.01 aircraft per square Nmi the 
additional Mode C interrogations is estimated to elicit less than 1 additional reply.  



EASA: 



We accept the deviation adopting the requirements for a directional bottom antenna. 
Using a directional antenna is expected to generate a more stable communication at 
lower power levels.  



 



ETSO-C119c#13 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.5.4.1.2 and use a 14 
step instead of a 4 step whisper-shout interrogation sequence for a bottom omni-
directional antenna. 



Requirement: 



A 4 step whisper-shout interrogation sequence is requested for the omni-directional 
bottom antenna.  



Industry: 



This whisper-shout interrogation design has been employed in over 15,000 previously 
certified TCAS since 1990. 



The additional interrogation steps provide for more complete coverage on the lower 
antenna. The additional steps also reduce the probability that another aircraft below own 
aircraft, which is shadowed from own aircraft’s top antenna, will not be tracked. The 
additional interrogations are accounted for in the interference limiting equations so that 
the channel load is controlled.  For an Air Traffic Control Radar Beacon System ATCRBS 
transponder equipped aircraft density of 0.01 aircraft per square Nmi less the additional 
Mode C interrogations is estimated to elicit less than 1 additional reply. 



EASA: 



We accept the deviation as the visibility of Mode C equipped aircraft is increased.  



 



ETSO-C119c#14 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.6.2.2.2 and establish a 
track after three consecutive and consistent replies instead of only two consecutive 
replies. 



Requirement: 



2.2.4.6.2.2.2 … 



When two replies have been received (which may include the acquisition reply) that are 
within 500 ft of each other, have identical Q-bit values and have the correct ICAO aircraft 
address, the track is considered established and periodic surveillance interrogations shall 
be initiated for that target according to 2.2.4.6.2.2.3. … 
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Industry: 



This Mode S track initiation design has been employed in over 15,000 previously certified 
TCAS since 1990. 



The proposed system establishes a Mode-S track after three replies.   



The third reply allows the system to form a more stable track. This deviation does not 
prevent the system from meeting the basic requirement. It meets the basic requirement 
to place an intruder into track with adequate time to declare an advisory.   Analysis of the 
required Mode S surveillance flight tests in high density Mode S areas (such as JFK) 
over the previous 20 years has shown that systems requiring the 3rd reply still meet the 
99% flight test tracking reliability requirements of the MOPS.  



EASA: 
We accept the deviation, as three consecutive replies to allow a better tracking 
initialisation. As condition to accept such deviation, we ask industry providing evidence 
that the tracking capability is still met.  



ETSO-C119c#15 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.6.2.2.1 and interrogate a 
Mode-S transponder after receipt of only one valid, error free squitter. 



Requirement: 



2.2.4.6.2.2.1 … 



To reduce the number of unnecessary interrogations, no interrogations shall be 
transmitted to a target if so few squitters and altitude replies are received from it to 
indicate an unreliable RF link. … 



Industry: 



This aspect of Mode S track acquisition has been employed in over 15,000 previously 
certified TCAS since 1990. 



The system interrogates a Mode-S transponder after receipt of one valid, error free 
squitter. 



This deviation allows the system to quickly determine if an aircraft is a threat and begin 
monitoring it from receipt of the first squitter. It allows for faster acquisition of pop-up 
Mode-S aircraft. In addition, because the system assumes the message was encoded 
with a Parity Identity (PI) code of zero and error detection and correction algorithms, it 
has high confidence in the Mode-S address contained within the squitter and the 
acquisition interrogations on that squitter will not be wasted. These acquisition 
interrogations, as required, are included in the interrogation power sums of the MOPS 
specified interference limiting algorithms.  Additionally, the algorithms similar to those in 
section A.8 of EUROCAE ED-143/RTCA DO-185B are employed to prevent the system 
from over-interrogating a target that consistently fails to acquisition interrogations. 



EASA: 
We agree to the requested deviation. Using each received aircraft address on the calling 
list is an agreeable conservative approach when the suggested means to stop 
interrogations in case the communication cannot be established are implemented as 
well. EASA recommends using this deviation only in combination with the implementation 
of Hybrid Surveillance.   
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ETSO-C119c#16 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.4.1.1 and allow a 
Minimum Trigger Level (MTL) of -77dBm instead of -74dBm but raises the MTL to 
-73dBm when the interference limiting inequalities are initially violated. 



Requirement: 



2.2.4.4.1.1 Given a valid transponder reply signal in the absence of interference or 
overloads, the minimum trigger level (MTL) is defined as the minimum input power level 
that results in a 90% ratio of decoded to received replies. 



a. The MTL for ATCRBS and Mode S signals over the frequency range of 1087 to 1093 
MHz shall be -74 dBm ±2 dB. 



Note: This provides adequate link margin for reliable detection of near-co-altitude aircraft 
in level flight at a range of 14 NM 



b. For an input signal power of level -78 dBm or less, no more than 10% of ATCRBS and 
Mode S signals shall be decoded. 



c. The decoding ratio shall be at least 99% for ATCRBS and Mode S signals between 
MTL +3 dB and -21 dBm. 



Industry: 



This enhancement of Mode S surveillance been employed in approximately 15,000 
previously certified TCAS since 1990. 



This deviation allows for increased probability detection and tracking of Mode-S 
equipped aircraft.  



In all cases the system does not exceed the channel load limits specified by DO-185B 
section 2.2.3.6 through the request load generation limitation function.   



The system design insures that in the presence of conditions that trigger interference 
limiting (i.e. that might exceed the TCAS channel load budget), will present no more load 
than a TCAS without this deviation 



The MTL is raised to -73 dBm when the channel load limits are first met.  The TCAS 
maintains the – 73 dBm MTL for 8 seconds (as recommended by DO-185B section 
2.2.3.6.2). It will then raise or lower the MTL as recommended and specified in section 
2.2.3.6.2. By transitioning to –73 dBm any time the interference limiting inequalities are 
violated ensures that the system, in the presence of conditions that trigger interference 
limiting (i.e. that might exceed the TCAS channel load budget), will present no more load 
than a TCAS without this deviation. 



Analysis of ACAS recorded data of flights over Europe has shown that the number of 
additional ACAS elicited replies attributable to this function were less 0.1 replies per 
second. This analysis included approximately 9 hours of data from 6 flights in areas 
where the channel load limits (interference limiting) would normally not be invoked 
insuring that the TCAS was functioning with this surveillance improvement enabled. 



The system includes Hybrid Surveillance per RTCA/DO-300. This reduces the 
interrogation channel load. Hybrid Surveillance accomplishes this by two methods: 



 Interrogating “non threat” aircraft at reduced rates of either once every 10 
seconds or 60 seconds, instead of either every 1 second or 5 seconds as 
required by RTCA/DO-185B. 
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 Completely eliminating interrogations to aircraft with ADS-B reports indicating 
altitudes outside of +/- 10,000 feet of own aircraft altitude.  Per RTCA/DO-185B 
these aircraft can be interrogated once every 10 seconds. 



RTCA SC147 SWG conducted simulations, which show that DO-300 Hybrid surveillance 
reduces TCAS induced 1090 MHz interference by 25% to 35% in a high traffic density 
scenario (JFK) compared to a TCAS compliant with RTCA/DO-185B. 



EASA: 
We accept the proposed deviation but strongly recommended implementing it only 
together with Hybrid Surveillance. We clearly see the benefit to acquire aircraft at greater 
range. Especially in combination with Hybrid Surveillance, this will allow earlier 
verification of the received ADS-B signals through the internal tracker. In areas with high 
aircraft density, the system will automatically not interrogate the far away aircraft due to 
the interference limiting algorithm. That will keep the channel load at adequate levels and 
increase it only in areas with low aircraft density where channel load is no problem.  
 



ETSO-C119c#17 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B section 2.2.4.4.1.1 and allow reduction 
of the minimum trigger level (MTL) in the forward quadrant to -82 dBm for squitter 
listening and -84 dBm for tracking interrogations instead of -74 dBm.    



Requirement: 



2.2.4.4.1.1 Given a valid transponder reply signal in the absence of interference or 
overloads, the minimum trigger level (MTL) is defined as the minimum input power level 
that results in a 90% ratio of decoded to received replies. 



a. The MTL for ATCRBS and Mode S signals over the frequency range of 1087 to 1093 
MHz shall be -74 dBm ±2 dB. 



Note: This provides adequate link margin for reliable detection of near-co-altitude aircraft 
in level flight at a range of 14 NM 



b. For an input signal power of level -78 dBm or less, no more than 10% of ATCRBS and 
Mode S signals shall be decoded. 



c. The decoding ratio shall be at least 99% for ATCRBS and Mode S signals between 
MTL +3 dB and -21 dBm. 



Industry: 



This improvement in the system extends the range of the existing TCAS Mode S 
surveillance in the forward direction and enhances pilot situational awareness in certain 
limited situations. 



This enhancement of Mode S surveillance been employed in approximately 3,000 
previously certified TCAS since 2004. 



The system under certain specific and limiting conditions further reduces Mode S MTL in 
the forward quadrant to -82 dBm for acquisition and -84 dBm for tracking.  



The channel load limit (interference limiting) imposed by DO-185B is never exceeded 
with the implementation of this Mode S surveillance improvement.  The system is 
designed in such a way as there is no additional channel load in areas where the 
channel load limits specified by DO-185B section 2.2.3.6 would be normally invoked.  In 
other words, the feature is disabled in areas of high traffic density. Additionally, a more 
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restrictive channel load limit (interference limiting limit) must be satisfied before 
acquisition of tracks for this improved surveillance feature is permitted. 



Analysis of ACAS recorded data of flights over Europe has shown that the number of 
additional ACAS elicited replies attributable to this function were less 0.1 replies per 
second. This analysis included approximately 9 hours of data from 6 flights in areas 
where the channel load limits (interference limiting) would normally not be invoked 
insuring that the TCAS was functioning with this surveillance improvement enabled. 



The design of this extension insures that standard TCAS surveillance range is not 
impacted.  



Specifically, the design of this enhancement has the following characteristics 



It is only performed in "lower" density airspace when own aircraft is above 18,000 feet. 



Tracking interrogations of aircraft visible only at the lower MTL are limited so that they do 
not trigger premature invocation of the interference limiting procedures defined in 
RTCA/DO-185B. 



Aircraft visible using the standard MTL will be tracked before attempts to track aircraft at 
longer ranges which are only visible at the extended MTL. 



It is only used against aircraft in the forward direction or beam of the TCAS. 



EASA: 



We understand that the deviation is providing a better tracking range in the forward 
direction and is limited to operations above 18,000 feet in low aircraft density areas. We 
accept that deviation and recommend implementing it only in combination with Hybrid 
Surveillance functionality.   



ETSO-C119c#18 – Traffic Alert and Collision Avoidance System (TCAS) airborne 
equipment, TCAS II 



Deviate from EUROCAE ED-143/RTCA DO-185B Volume I Section 2.2.4.5.4.1.3 and 
Volume II Sections 2.1.17, 2.1.18, 3.57, 3.104, Appendix A and allow the altitude tracker 
to limit the credibility checks to 0.5 g (16 feet/sec²) instead of 1.25 g (40 feet/sec²) 
vertical accelerations under certain conditions. 



Industry: 



This deviation has been employed in approximately 10,000 previously certified TCAS 
since 2000. 
In cases were the Minimum Operational Performance Standard (MOPS) defined vertical 
tracker defined for use by the collision avoidance logic is also used by surveillance 
additional modification of the tracker is desirable The vertical tracker changes defined in 
RTCA SC147 Change Proposal 98 (CP98) increased the credibility checks to allow high 
vertical acceleration. CP98 was not part of RTCA/DO-185A (TCAS change 7.0, ACAS) 
but was incorporated into RTCA/DO-185B. The changes for CP98 are summarized as: 



1. Macro VT_Credible_Report(T,DZM,TSTART,TDAT,ZD,QUANT) 
a. Change 20 ft/s to 30 ft/s 
b. Change 8 ft/s/s to 20 ft/s/s 



2. CREDACCDIV 
a. Change 8 ft/s/s to 20 ft/s/s  
b. This variable is defined as the credible acceleration divided by 2. 



Industry has an issue with CP98 solution because the systems use the MOPS defined 
altitude tracker for collision avoidance tracking as well as intruder tracking. As a result of 
the MOPS change in the collision avoidance tracker, the surveillance system was 
indirectly modified. Negative impact to surveillance of Mode-C (non Mode-S) equipped 
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aircraft in very dense airspace was verified. This was verified through reprocessing of 
MOPS required LA Basin Flight Tests were reprocessed through the modified altitude 
trackers. The changes resulted in degradation of tracking reliability below the required 
95% tracking reliability requirement of the MOPS LA Basin Flight Test. 



The issue was that in a very dense Mode-C environment, it is more likely to miscorrelate 
the reply of one intruder with another – especially since the Mode-C transponders do not 
have a Mode-S address to eliminate all possibilities of miscorrelation. The new tracker 
had larger “credibility” windows and accepted altitude reports which previously were 
rejected by the “credibility” windows of the tracker defined in RTCA/DO-185A. 



In order to resolve this issue the altitude tracker was modified to use two sets of 
credibility windows: 



 Window “a” matches what is defined in RTCA/DO-185A. This window handles 
vertical accelerations up to approximately 0.5 g. 



 Window “b” matches what is defined in RTCA/DO-185B. This window handles 
vertical accelerations up to approximately 1.25 g. 



The system attempt to select Window “a” only when the conditions merit it, otherwise the 



recommended Window “b’ is used. The following conditions must be true for Window “a” 
to be selected: 



1. The Intruder is Air Traffic Control Radar Beacon System (ATCRBS – 
transponder) equipped AND 



2. The Intruder’s altitude is less than 5,000 ft AND 



3. Own aircraft altitude is less than 10,000 ft AND 



Reply statistics indicate that the beam in which the intruder is being tracked has a high 
chance of being “crowded” as indicated by the MOPS defined Low Confidence Flag. See 
RTCA/DO-185B Section 2.2.4.5.4.1.3 – Determination of Whisper-Shout Based on 
Synchronous Garble. 



These new changes (larger altitude credibility windows) are not an issue in non-dense 
ATCRBS airspace or with Mode S equipped aircraft. The possibilities of correlating the 
incorrect altitude in non-dense airspace or with a Mode-S equipped intruder are low 
(basically zero). Therefore, the bigger altitude credibility windows have no negative 
impact and allow the TCAS to track aircraft performing high-g vertical accelerations. 
However, in dense areas such as the LA Basin the new tracker negatively affected 
surveillance performance. Selecting the credibility windows under the restricted 
conditions with the above analysis indicates that surveillance performance in the LA 
Basin will continue to meet the MOPS tracking reliability requirements. 



EASA: 
EASA agrees to the requested deviation.  
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EASA CS-ETSO Deviation Consultation ETSO.DevP.02 
COMMENT RESPONSE DOCUMENT 
[consultation period closed 02/04/2007] 



 



DEVIATION 
COMMENTED COMMENT / PROPOSAL 



AUTHOR OF 
THE 



COMMENT 



DATE OF 
COMMENT 



 
PCM RESPONSE 



 



General The deviations all appear logical and therefore are supported. The 
enormous number of deviations requested provide good evidence that 
CS-ETSO needs a thorough review and updating. Maybe this could be 
tackled by a simple statement in the foreword to say (something like):  
the latest minimum performance standard should be used (depending 
upon date of ETSO authorisation application) for each ETSO unless 



otherwise stated. 



CAA UK 12.03.2007 Noted 
We do have a problem in 



incorporating such an open 
reference into a Minimum 



Requirement Standard as it would 
create doubt what is the required 



standard.  
We hand in the comment to our 



Rulemaking Directorate for further 
consideration.  
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Deviations requests for an ETSO approval for CS-ETSO 
Applicable to G1000 Avionic System by Garmin 




Consultation Paper 




Introductory note 
The hereby presented Deviations requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 




“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted to 
the panel of experts and be subject to a public consultation of at least 3 weeks, except 
if they have been previously agreed and published in the Official Publication of the 
Agency. The final decision shall be published in the Official Publication of the 
Agency.” 




Identification of issue 




Garmin submits to EASA several deviation requests against CS-ETSO for their 
integrated G1000 avionic suite with intelligent displays. The applicant has received 
already the related FAA TSO approval including the acceptance of the following 
deviations. Many of theses deviations have been already accepted in Europe during 
previous certifications e.g. under JTSO umbrella.  




The deviations apply mainly to the integrated multi function control and display 
elements. The main ETSO for this kind of unit is ETSO-C113. As the unit displays 
several instruments and has additional functionality e.g. Flight Management System, 
several further ETSOs are applicable as well. 




Deviations requests 




The deviations requested can be summarized as follows: 




1. use of updated requirement standards. 




2. use of newer environmental standard. 




3. adapt the instrument viewing angle requirement to LCD pixel graphic 
technology. 




4. autopilot commands limitation and engagement annunciation 




5. adaptations related to supplemental GPS receivers 




6. adaptations for the WAAS receivers 




The details of these deviations are described below. The deviations are sorted by 
ETSO number. The detailed discussion will follow in annexes to allow the discussion 
of the same technical content at one place. Only specific deviations will be discussed 
in this section. 




                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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(1) Deviation  ETSO-C2d#1 – Airspeed Instruments  
Deviate from ETSO-C2d 3.1.1 to use SAE AS 8019A instead of SAE AS 8019 as the 
Minimum Performance Standard.   
See Appendix 1. 




(2) Deviation  ETSO-C2d#2 – Airspeed Instruments 
Deviate from ETSO-C2d to eliminate the requirement 3.2.3 in SAE AS 8019A that 
requires "the instrument face to be marked with 'Airspeed' or 'IAS' and also with the 
applicable units of measure."   
 
See Appendix 3.2. 




(3) Deviation ETSO-C2d#3 – Airspeed Instruments 




Deviate from ETSO-C2d to modify the requirement 3.2.5 in SAE AS 8019A that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 




See Annex 3.1. 




(4) Deviation ETSO-C3d#1 – Turn and Slip Instruments 
Deviate from ETSO-C3d to modify the requirement 3.7 in SAE AS 8004 that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular." The viewing envelope is defined (per 
ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal 
directions, 45 degrees in the up vertical direction, and 10 degrees in the down vertical 
direction. 




See Annex 3.1. 




(5) Deviation ETSO-C4c#1 – Bank and Pitch Instruments 
Deviate from ETSO-C4c 3.1.1 to use SAE AS 8001 instead of SAE AS 396B for 
Minimum Performance Standards and Environmental Standards. 




See Annex 1. 




(6) Deviation ETSO-C4c#2 – Bank and Pitch Instruments 
Deviate from ETSO-C4c 3.1.2 and SAE Aerospace Standard AS 8001 to use RTCA 
DO-160D instead of RTCA DO-138 as the standard for Environmental Conditions 
and Test Procedures for Airborne Equipment.   




See Annex 2. 




(7) Deviation ETSO-C4c#3 – Bank and Pitch Instruments 
Industry: Neither ETSO-C4c nor SAE Aerospace Standard AS 8001 specifies use of 
a standard for software development; RTCA DO-178B shall be used as the standard 
for Software Considerations in Airborne Systems and Equipment Certification. 
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EASA: EASA promotes to use the EUROCAE ED-12B/RTCA DO-178B software 
development process even though not required by the specific ETSO. Historically it 
had not been assumed to realise such a function by software.  




(8) Deviation ETSO-C6d#1 – Direction Instrument, Magnetic 
(Gyroscopically Stabilized) 




Deviate from ETSO-C6d 3.1.1 to use SAE AS 8013A instead of SAE AS 8013 as the 
Minimum Performance Standard. 




See Annex 1.  




(9) Deviation ETSO-C6d#2 – Direction Instrument, Magnetic 
(Gyroscopically Stabilized) 




Deviate from ETSO-C6d to modify the requirement 3.10.2 in SAE AS 8013A that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular." The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction .  




See Annex 3.1. 




(10) Deviation ETSO-C8d#1 – Vertical Velocity Instrument (Rate-of-Climb) 
Deviate from ETSO-C8d 3.1.1 to use SAE AS 8016A instead of SAE AS 8016 as the 
Minimum Performance Standard. 




See Annex 1. 




(11) Deviation ETSO-C8d#2– Vertical Velocity Instrument (Rate-of-Climb) 
Deviate from ETSO-C8d to modify the requirement 3.2.4 in SAE AS 8016A that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 




See Annex 3.1. 




(12) Deviation ETSO-C9c#1 – Automatic Pilots 
Deviate from ETSO-C9c 3.1.1 to use SAE AS-402B instead of AS-402A.  




See Annex 1. 




(13) Deviation ETSO-C9c#2 – Automatic Pilots 
Deviate from AS-402B paragraph 4.4.1 to limit autopilot engagement to attitudes 
considered safe for the certified aircraft.  Use Autopilot limitations that limit pitch and 
roll engagement to more conservative limits. 




See Annex 4.1. 
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(14) Deviation ETSO-C9c#3 – Automatic Pilots 
Deviate from AS402B paragraph 4.3.2 to not provide servo effort indications when 
the automatic pilot is not engaged. 




See Annex 4.2. 




(15) Deviation ETSO-C9c#4 – Automatic Pilots 
Deviate from ETSO-C9c 3.1.2 to use DO-160D instead SAE AS 402A for specified 
environmental tests.  




See Annex 2. 




(16) Deviation ETSO-C10b#1 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 




Deviate from ETSO-C10b 3.1.1 to use SAE AS 8009A instead of SAE AS 392C as 
the Minimum Performance Standard. 




See Annex 1. 




(17) Deviation ETSO-C10b#2 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 




Deviate from ETSO-C10b to modify the requirement 3.7 in SAE AS 8009A that 
requires "Pointers and dial markings shall be visible from any point within the 
frustrum of a cone; the side of which makes an angle of 30 degrees with the 
perpendicular to the dial and the small diameter of which is the aperture the 
instrument case."  The viewing envelope is defined (per ETSO-C113 and SAE 
AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 degrees in the up 
vertical direction, and 10 degrees in the down vertical direction.  




See Annex 3.1. 




(18) Deviation ETSO-C10b#3 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 




Deviate from SAE AS 8009A Section 3.11 to not display ALTITUDE or ALT next to 
the tape indicating altitude.  




See Annex 3.2. 




(19) Deviation ETSO-C10b#4 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 




Deviate from ETSO-C10b 3.1.2 to use RTCA DO-160D instead of SAE AS 8009A as 
the standard for Environmental Conditions and Test Procedures for Airborne 
Equipment.  




See Annex 2. 




(20) Deviation ETSO-2C35d#1 – Radar Marker Receiving Equipment 
Deviate from ETSO-2C35d which calls out EUROCAE 1/WG7 Section 3.16 to allow 
the visual indication of the Standard Test Signal to not flash synchronized with the 
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keying, but to flash at the following fixed rates while keyed: Outer 1.33 Hz, Middle 3 
Hz, Inner 4 Hz. 




See Annex 3.2. 




(21) Deviation ETSO-C43c#1 – Temperature Instruments 
Deviate from ETSO-C43c 3.1.1 to use SAE AS 8005A instead of SAE AS 8005 as 
the Minimum Performance Standard. 




See Annex 1. 




(22) Deviation ETSO-C44b#1 – Fuel Flowmeters 
Deviate from ETSO-C44b 3.1.1 to use SAE AS 407C instead of SAE AS 407B to 
demonstrate compliance for Fuel Flowmeters. 




See Annex 1. 




(23) Deviation ETSO- C44b#2 – Fuel Flowmeters 
Deviate from ETSO-C44b 3.1.2 to use RTCA DO-160D instead of SAE AS 407B as 
the standard for Environmental Conditions and Test Procedures for Airborne 
Equipment. 




See Annex 2. 




(24) Deviation ETSO- C44b#3 – Fuel Flowmeters 
Deviate from ETSO-C44b to modify the requirement 4.2.5 in SAE AS 407C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction.  




See Annex 3.1. 




(25) Deviation ETSO- C44b#4 – Fuel Flowmeters 
Deviate from ETSO-C44b to modify the requirement 4.1.1 in SAE AS 407C that 
requires "Type I Instruments:  Rotating pointer with fixed graduated dial or counter 
type indication.  Clockwise pointer motion shall indicate increasing rate of flow."  
The gauge is defined as a horizontal or vertical bar with fixed graduations, with a 
pointer motion to the right or up indicating an increase rate of flow.  




See Annex 3.2. 




(26) Deviation ETSO-C45a#1 – Manifold Pressure Instruments 
Deviate from ETSO-C45a 3.1.1 to use SAE AS 8042 instead of SAE AS 411 for 
Minimum Performance Standards. 




See Annex 1. 
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(27) Deviation ETSO-C45a#2 – Manifold Pressure Instruments 
Deviate from ETSO-C45a to use RTCA DO-160D instead of SAE AS 411 as the 
standard for Environmental Conditions and Test Procedures for Airborne Equipment. 




See Annex 2. 




(28) Deviation ETSO-C45a#3 – Manifold Pressure Instruments 
Deviate from ETSO-C45a SAE 8042 3.10.5 to use MAN as abbreviation instead of 
MANIFOLD PRESSURE or MANIF PRESS.  




See Annex 3.2. 




(29) Deviation ETSO-C45a#4 – Manifold Pressure Instruments 
Deviate from ETSO-C45a to modify the requirement 3.10.9 in SAE AS 8042 that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular." The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 




See Annex 3.1. 




(30) Deviation ETSO-C47#1 – Pressure Instruments – Fuel, Oil and Hydraulic 
(Reciprocating Engine Powered Aircraft) 




Deviate from ETSO-C47 3.1.1 to use SAE AS 408C instead of SAE AS 408A for 
Minimum Performance Standards and Environmental Standards. 




See Annex 1. 




(31) Deviation ETSO-C47#2 – Pressure Instruments – Fuel, Oil and Hydraulic 
(Reciprocating Engine Powered Aircraft) 




Deviate from ETSO-C47 to modify the requirement 4.1.5 in SAE AS 408C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 




See Annex 3.1. 




(32) Deviation ETSO-C47#3 – Pressure Instruments – Fuel, Oil and Hydraulic 
(Reciprocating Engine Powered Aircraft) 




Deviate from ETSO-C47 3.1.2 to use RTCA DO-160D instead of AS 408C as the 
standard for Environmental Standards. 




See Annex 2. 
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(33) Deviation ETSO-C49b#1 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 




Deviate from ETSO-C49b 3.1.1 to use SAE AS 404C instead of SAE AS 404B for 
Minimum Performance Standards and Environmental Standards. 




See Annex 1. 




(34) Deviation ETSO-C49b#2 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 




Deviate from ETSO-C49b to modify the requirement 4.1.2 in SAE AS 404C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 




See Annex 3.1. 




(35) Deviation ETSO-C49b#3 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 




Deviate from ETSO-C49b, SAE AS 404C requirement 4.1.3.2 second sentence which 
states, “The increment between graduations shall not exceed 2-1/2% of full scale, 
above 600 RPM.”  The tachometer gauge which incorporate a full time digital 
readout, multiple graduations on the dial are not needed in order for the correct 
reading to be obtained.  The resolution of the digital readout will be 10 RPM which is 
less than 2-1/2% of full scale.  A pointer with clockwise motion for increasing RPM, 
is provided. 




See Annex 3.2. 




(36) Deviation ETSO-C49b#4 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 




Deviate from ETSO-C49b 3.1.2 to use DO-160D instead of SAE AS 404B as the 
Environmental Standard. 




See Annex 2. 




(37) Deviation ETSO-C52b#1 – Flight Directors 
Deviate from AS-8008 paragraph 3.6 to limit flight director operation to attitudes 
considered safe for the certified aircraft. The Autopilot limits pitch and roll 
engagement to more conservative limits. 




See Annex 4.1. 




(38) Deviation ETSO-C55#1 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 




Deviate from ETSO-C55 3.1.1 to use SAE AS 405C instead of SAE AS 405B to 
demonstrate compliance for Fuel and Oil Quantity Instruments.  




See Annex 1. 
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(39) Deviation ETSO-C55#2 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 




Deviate from ETSO-C55 to modify the requirement 4.2.5 in SAE AS 405C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 




See Annex 3.1. 




(40) Deviation ETSO-C55#3 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 




Deviate from ETSO-C55 to modify the requirement 4.2.4 in SAE AS 405C to allow 
"FUEL QTY" to be used to abbreviate "Fuel Quantity". 




See Annex 3.2. 




(41) Deviation ETSO-C55#4 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 




Deviate from ETSO-C55 3.1.2 to use DO-160D instead of SAE AS 405B as the 
Environmental Standard.  




See Annex 2. 




(42) Deviation ETSO-C118#1 – Traffic Alert and Collision Avoidance System 
(TCAS) Airborne Equipment, TCAS I 




Deviate from ETSO-C118 3.1.1 to use RTCA DO-197A instead of RTCA DO-197 as 
the Minimum Performance Standard. 




See Annex 1. 




(43) Deviation ETSO-C129a#1 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 




Deviate from ETSO-C129a (ED-72A 3.2.2.1f(3) and 3.2.2.4j(4)) to eliminate the 
annunciation for pending CDI scale change 3.0 NM from the FAF. 




See Annex 5. 




(44) Deviation ETSO-C129a#2 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 




Deviate from ETSO-C129a (ED-72A 3.2.2..1f(4), 3.2.2.3e(4), and 3.2.2.4j(2)) to 
eliminate the requirement to “alert the pilot of the need to manually insert the 
barometric pressure.  ELOS is provided by the unit calibrating pressure altitude 
whenever RAIM is available en route. 




See Annex 5. 















ETSO.DevP.02  9/16 




(45) Deviation ETSO-C129a#3 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 




Deviate from ETSO-C129a (ED-72A 3.2.2.4j(8)) to modify the requirement to allow 
the approach mode to be deselected by performing a direct-to action on the unit.  
ELOS is provided by a two step operation that is consistent with the operational 
philosophies applied to the box in other areas.  Consistent operation throughout the 
operation minimizes pilot error. 




See Annex 5. 




(46) Deviation ETSO-C129a#4 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 




Deviate from ETSO-C129a (ED-72A 3.2.2.3d(2)) to eliminate the requirement to 
provide a “means to manually identify a satellite that is expected to be unavailable at 
the destination” for the RAIM prediction process.  ELOS is provided by eliminating 
pilot input error, low probability of satellite unavailability and the full satellite 
constellation with spares. Regardless of the destination RAIM availability status is 
correctly provided to the pilot upon arrival. 




See Annex 5. 




(47) Deviation ETSO-C129a#5 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 




Deviate from ETSO-C129a to change the requirement in ED-72A paragraph 4.16.2 to 
match the WAAS TSO-C145a and DO-229 requirements for Power input testing.  
ETSO C145 and DO-229a allow a system reset followed by satellite acquisition time 
of 5 minutes for abnormal operating conditions power input tests. 




See Annex 5. 




(48) Deviation ETSO-C146#1 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 




Deviate from ETSO-C146 to use RTCA DO-229C instead of RTCA DO-229B. 




See Annex 1.  




(49) Deviation ETSO-C146#2 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 




Deviate from ETSO-C146 to modify the requirement 2.2.1.1.4.3 in RTCA/DO-229C 
which states, "They [all displays] shall be fully readable up to a vertical viewing angle 
of 20 degrees from normal to the face of the display screen."  This deviation uses a 10 
degree vertical viewing angle below the lower display edge.  DO-229C makes no 
distinction between upper and lower display edges for the requirement of a 20 degree 
vertical viewing angle. 




See Annex 3.1. 
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(50) Deviation ETSO-C146#3 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 




Deviate from ETSO-C146 to modify the requirement 2.2.1.4.9.c in RTCA/DO-229C 
which states, "BRG to or from a VOR: The bearing is based on the true-to-magnetic 
conversion at the waypoint location, using the same magnetic conversion as used to 
define the path.” This conversion is based upon the present aircraft location instead, 
which is how other waypoint’s magnetic variation is computed. 




See Annex 6.  




(51) Deviation ETSO-C146#4 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 




Deviate from ETSO-C146 to eliminate the requirement 2.2.4.2.3 in RTCA/DO-229C 
which states, "If the aircraft is past the FPAP - (length offset), and the pilot has not 
already activated the missed approach, the receiver shall automatically transition to 
missed approach guidance.” 




See Annex 6.  




(52) Deviation ETSO-C146#5 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 




Deviate from ETSO-C146 to modify the requirements 2.2.4.6.4 and 2.2.5.6.4 in 
RTCA/DO-229C, pertaining to the low altitude alerting function. The TAWS 
capabilities of the aircraft shall be used. 




See Annex 6.  




(53) Deviation ETSO-C146#6 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 




Deviate from ETSO-C146 to modify the requirement 2.2.1.1.6 in RTCA/DO-229C 
states: "If a function is implemented as a discrete action, the equipment shall use the 
labels or messages in the Table".  The table (TABLE 2-5 LABELS AND 
MESSAGES), states that the function “Indication that there is a message” shall be 
labeled as “MSG” or “M”.  Instead the terms “ADVISORY” and “ALERTS” in 
addition to “MSG” may be used depending upon the installation. 




See Annex 6.  















ETSO.DevP.02  11/16 




Annex 1 Use of updated standards 




ETSO-C2d#1: Use SAE AS 8019A instead of AS 8019. 
ETSO-C4c#1: Use SAE AS 8001 instead of AS 396B. 
ETSO-C6d#1: Use SAE AS 8013A instead of SAE AS 8013 
ETSO-C8d#1: Use SAE AS 8016A instead of AS 8016 
ETSO-C9c#1: Use SAE AS-402B instead of AS-402A 
ETSO-C10b#1: Use SAE AS 8009A instead of AS 392C 
ETSO-C43c#1: Use SAE AS 8005A instead of AS 8005 
ETSO-C44b#1: Use SAE AS 407C instead of AS 407B 
ETSO-C45a#1: Use SAE AS 8042 instead of AS 411 
ETSO-C47#1: Use SAE AS 408C instead of AS 408A 
ETSO-C49b#1: Use SAE AS 404C instead of AS 404B 
ETSO-C55#1: Use SAE AS 405C instead of AS 405B 
ETSO-C118#1: Use RTCA DO-197A instead of DO-197 
ETSO-C146#1: Use RTCA DO-229C instead of DO-229B 




Industry Position: ELOS (Equivalent Level of Safety) is provided by use of later 
revision of the requirement document. 




EASA: Often there is an update to a standard available but the reference in the ETSO 
has not been changed. Especially many SAE documents have been reaffirmed and 
been reissued without technical modification. In other cases the updated documents 
provide more precise information to avoid misinterpretation. It is planed to update the 
ETSOs in the frame of the long term rulemaking program to the most accurate 
version.  




Annex 2 Use of environmental standard 




ETSO-C4c#2, ETSO-C9c#4, ETSO-C10b#4, ETSO- C44b#2, ETSO-C45a#2, ETSO-
C47#3, ETSO-C49b#4, ETSO-C55#4,  




Industry: ELOS is provided by use of later revision requirement document. RTCA 
DO-160D is the successor document for RTCA DO-138.  




EASA: For the environmental standard in general CS-ETSO request the use of 
EUROCAE ED-14D / RTCA DO-160D change 3. For some ETSOs specific 
environmental requirements apply especially to reflect specifics of the sensor. In this 
case only the display and the associated computer are affected and consequently one 
common set of requirements should be used reflecting the assumed installation 
environment in the cockpit. There is no need having specific requirements for the 
displaying of one instrument. 




Annex 3 Use of LCD Technology 




3.1 Viewing Angle  




ETSO-C2d#3, ETSO-C3d#1, ETSO-C6d#2, ETSO-C8d#2, ETSO-C10b#2, ETSO-
C44b#3, ETSO-C45a#4, ETSO-C47#2, ETSO-C49b#2, ETSO-C55#2, ETSO-
C146#2  
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The viewing angle definition is not unique in the several applicable ETSOs but all 
instruments are displayed on one screen. 




Industry: ELOS is provided by defining  the viewing envelope (in accordance with 
ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal 
directions, 45 degrees in the up vertical direction, and 10 degrees in the down vertical 
direction.  The 45 degree down vertical viewing requirement is not practical or needed 
for panel mount displays.  This requested envelope is consistent with TFT LCD 
display technology.  




EASA: The viewing angle for the LCD display should be defined by ETSO-C113. It 
is not required to provide a circular view as a 45 degree vertical down view is not 
needed for the typical installation place in front of the pilot. The limitations are 
provided to the installer and consequently could be taken into consideration during 
installation. One consistent requirement shall apply for the unit. 




3.2 Pixel Graphic  




ETSO-C2d#2, ETSO-C10b#3, ETSO-2C35d#1, ETSO-C44b#4, ETSO-C45a#3, 
ETSO-C49b#3, ETSO-C55#3 




Industry: The system, as do many other Electronic Flight Instrumentation Systems 
(EFIS), presents a scrolling altitude tape with digital readout in a standardized format 
and location that does not need the specific label of ALTITUDE or ALT.  The altitude 
tape is presented directly to the right of the attitude indication on the primary flight 
display. 
The display will indicate Airspeed or TAS but the face of the instrument will not be 
marked. 




The Marker signal shall flash at fixed rates but not synchronized with the keying of 
the transmitter. For the pilot it is important that the transmitter is received but the 
synchronisation of the flashing does not provide further information. 




Instead of using a rotating pointer with a fixed dial or counter type indication the 
gauge can be defined as a horizontal or vertical bar with graduations with a pointer 
motion to the up or right indicating an increase of the value.  




To avoid overloading of the display short abbreviations associated with the presented 
value shall be used.  




EASA: Using a pixel oriented graphic provides more freedom to display values by 
combining trend indicators with numbers. Further the need to use common 
abbreviations is necessary. EASA agrees to those deviations allowing introducing a 
modern instrument presentation already established in many EFIS applications. Due 
to the unique presentation of e.g. Altitude bar, the need to label the instrument 
representation is no longer applicable.  
It is important that the kind of information displayed can be identified without any 
doubt. Using display technology it is not necessary to mark the equipment itself as the 
relationship between marking and the display contend would not be obvious. 
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It is important that the marker signal can be identified by flashing. It is not necessary 
to be synchronized with the keying but flashing at a fixed rate to indicate the received 
signal. 




The pixel or vector graphic allows generating instrument styles different from a circle. 
Those kinds of instruments can be seen as meeting the intend of the original 
requirement.  




The introduction of short abbreviations is acceptable.  




Annex 4 Automatic pilots  




4.1 Limitations  




ETSO-C9c#2, ETSO-C52b#1 




Industry: Deviate from AS-402B paragraph 4.4.1 to limit autopilot engagement to 
attitudes considered safe for the certified aircraft.  Use Autopilot limitations that limit 
pitch and roll engagement to more conservative limits. 




EASA: EASA considers that an autopilot pitch and roll engagement limitation which 
is more conservative than the attitudes considered safe for the certified aircraft meets 
the intend of the requirement to limit the autopilot engagement to attitudes considered 
safe for the certified aircraft. It can be debated if a deviation is needed at all but we 
accept the deviation as it provides more clarification.  




4.2 Servo Effort Indication  




ETSO-C9c#3 




Industry: Deviate from AS402B paragraph 4.3.2 to not provide servo effort 
indications when the automatic pilot is not engaged. ELOS is provided by design 
which does not allow servo effort when the autopilot is not engaged and, therefore, 
this indication is unnecessary. 




EASA accepts not presenting signals representative for the servo signals in case the 
autopilot is not engaged. In case the autopilot is not engaged this kind of signal is of 
limited use as it does not reflect the aircraft status but could only be used by pilots to 
receive help for the magnitude of their interaction to be able to act as if being the 
actuator.  




Annex 5 GPS navigation  




ETSO-C129a#1  
Deviate from ETSO-C129a (ED-72A 3.2.2.1f(3) and 3.2.2.4j(4)) to eliminate the 
annunciation for pending CDI scale change 3.0 NM from the FAF.   




Industry: This is provides a reduction in pilot workload during critical phases of 
flight. 
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EASA agrees that the CDI scale change is done automatically while approaching the 
final approach fix (FAF). This reduces work load and suits the need of higher position 
accuracy during approach. 




ETSO-C129a#2: Deviate from ETSO-C129a (ED-72A 3.2.2..1f(4), 3.2.2.3e(4), and 
3.2.2.4j(2)) to eliminate the requirement to “alert the pilot of the need to manually 
insert the barometric pressure.   




Industry: ELOS is provided by the unit calibrating pressure altitude whenever RAIM 
is available en route. 




EASA: With the high number of available satellites the RAIM function is available 
during most times. Consequently the GPS height may be used to calibrate the pressure 
altitude instead of entering the calibration parameter manually. Following this 
principle barometric altitude can be used to determine sudden GPS inconsistencies 
without manual intervention.  




ETSO-C129a#3: Deviate from ETSO-C129a (ED-72A 3.2.2.4j(8)) to modify the 
requirement to allow the approach mode to be deselected by performing a direct-to 
action on the unit.   




Industry: ELOS is provided by a two step operation that is consistent with the 
operational philosophies applied to the box in other areas.  Consistent operation 
throughout the operation minimizes pilot error. 




EASA accepts to have a two step operation to enter a Direct To command. To abort 
the Approach mode on an exceptional basis to allow applying a consistent user 
interface. 
ETSO-C129a#4 Deviate from ETSO-C129a (ED-72A 3.2.2.3d(2)) to eliminate the 
requirement to provide a “means to manually identify a satellite that is expected to be 
unavailable at the destination” for the RAIM prediction process. 




Industry: ELOS is provided by eliminating pilot input error, low probability of 
satellite unavailability and the full satellite constellation with spares. Regardless of the 
destination RAIM prediction, RAIM availability status is correctly provided to the 
pilot upon arrival. 




EASA: Having a high number of satellites available the manual deselecting of 
satellites for the RAIM process is of limited use. In case that RAIM fails it can be 
assumed that the airport could be approached using a different procedure not related 
to GPS. 
ETSO-C129a#5: Deviate from ETSO-C129a to change the requirement in ED-72A 
paragraph 4.16.2 to match the WAAS TSO-C145a and DO-229 requirements for 
Power input testing.  




Industry: The GPS WAAS ETSO C145 and DO-229a allows a system reset followed 
by satellite acquisition time of 5 minutes for abnormal operating conditions power 
input tests. 
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EASA: It is accepted that the recovery time from a full system reset after abnormal 
power operating conditions is greater than 10 seconds and are harmonized with 
ETSO-C146 to five minutes. 




Annex 6 GPS augmented by WAAS  




ETSO-C146#3: Deviate from ETSO-C146 to modify the requirement 2.2.1.4.9.c in 
RTCA/DO-229C which states, "BRG to or from a VOR: The bearing is based on the 
true-to-magnetic conversion at the waypoint location, using the same magnetic 
conversion as used to define the path”.  
Industry: This conversion is based upon the present aircraft location instead, which is 
how other waypoint’s magnetic variation is computed. 




EASA agrees that it is important to handle True respective Magnetic Heading in a 
consistent manner in one system. 




ETSO-C146#4: Deviate from ETSO-C146 to eliminate the requirement 2.2.4.2.3 in 
RTCA/DO-229C which states, "If the aircraft is past the FPAP - (length offset), and 
the pilot has not already activated the missed approach, the receiver shall 
automatically transition to missed approach guidance.” 




Industry:  This requirement is not implemented since it is being eliminated in DO-
229D. 




EASA agrees that automatic leg sequencing to the missed approach leg is not 
required. The additional pilot work load may be compensated by the fact that a clear 
action increases the awareness for the specific situation. 
ETSO-C146#5: Deviate from ETSO-C146 to modify the requirements 2.2.4.6.4 and 
2.2.5.6.4 in RTCA/DO-229C, pertaining to the low altitude alerting function.  




Industry: The TERRAIN or TAWS capabilities of the aircraft shall be used to avoid 
CFIT when TERRAIN or TAWS are enabled and not in one of the following states: 
FAIL, N/A, TEST, or INHIBIT.  The low altitude alert described in DO-229C 
2.2.4.6.4 and 2.2.5.6.4 shall be used when neither TERRAIN nor TAWS is enabled, 
or when one is enabled but the current state is FAIL, N/A, TEST, or INHIBIT. 




EASA agrees to harmonise the low altitude alert function with the TAWS function to 
have a clear indication of the alarm source. 




ETSO-C146#6: Deviate from ETSO-C146 to modify the requirement 2.2.1.1.6 in 
RTCA/DO-229C states: "If a function is implemented as a discrete action, the 
equipment shall use the labels or messages in the Table".  The table (TABLE 2-5 
LABELS AND MESSAGES), states that the function “Indication that there is a 
message” shall be labeled as “MSG” or “M”.   




Industry: The terms “ADVISORY” and “ALERTS” in addition to “MSG” may be 
used depending upon the installation.  The system provides full aircraft alerting in its 
installations.  Per OEM request, some installations use the nomenclature 
“ADVISORY” and “ALERTS” to encompass message advisories. 
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EASA agrees to use the naming convention of the airframe manufacturer for message 
classifications. 
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EASA CS-ETSO Deviation Consultation ETSO.DevP.03 
COMMENT RESPONSE DOCUMENT 



Deviations Requests for an ETSO Approval for CS-ETSO. Applicable to Audio Systems 
[consultation period closed 02/04/2007] 



 



DEVIATION 
COMMENTED COMMENT / PROPOSAL 



AUTHOR OF 
THE 



COMMENT 



DATE OF 
COMMENT 



 
PCM RESPONSE 



 



General The deviations are technically acceptable but again this deviation 
request highlights the fact that CS-ETSO needs a thorough review. This 
is yet again another example of where ETSOs lag behind FAA-TSOs. In 
addition the later standard of RTCA DO-214 superseding DO-170 is not 
reflected in the equivalent standards of EUROCAE. ED-18 still appears 
to be the current document for aircraft microphones, headsets etc 
(technically equivalent to DO-170). There appears to be no document 
superseding ED-18 like there is on the US RTCA side. 
 



CAA UK 23.03.2007 Noted 
EASA is not responsible for the 
work performed by EROCAE as 
EUROCAE is a standardisation 
body and dependent on industry 
initiative and participation. 
We hand in the comment to our 
Rulemaking Directorate for further 
consideration.  



 















Deviations requests for an ETSO approval for CS-ETSO 
Applicable to Audio Systems 




Consultation Paper 




Introductory note 
The hereby presented Deviations requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 




“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted to 
the panel of experts and be subject to a public consultation of at least 3 weeks, except 
if they have been previously agreed and published in the Official Publication of the 
Agency. The final decision shall be published in the Official Publication of the 
Agency.” 




Identification of issue 




Sennheiser and Northern Airborne Technology submits to EASA several deviation 
requests against CS-ETSO for their audio equiment. The applicant has received or is 
seeking for the related FAA TSO approval including the acceptance of the following 
deviations. The FAA has recently published TSO-C139 superseding the previous 
TSO-C50c, -C57a, C58a in one TSO already requesting RTCA DO-214 and DO-
160E.  




As all deviations are related to the same technical standard mentioned in different 
ETSO they have been combined in one deviation publication. 




ETSO-C50c is addressing audio systems like amplifiers or selection panels 




ETSO-C57a addresses headsets and speakers while ETSO-C58a defines the 
requirements for microphones. 




Deviations requests 




(1) Deviation ETSO-C50c#1, - Audio Selector Panels and Amplifiers 
 Deviation ETSO-C57a#1 - Headsets and Speakers 
 Deviation ETSO-C58a#1 - Aircraft Microphones (Except Carbon) 




Deviate from § 3.1.1 to use RTCA DO-214  instead of EUROCAE ED-18/RTCA 
DO-170 as the Minimum Performance Standard.   
See Annex 1. 




(2) Deviation ETSO-C50c#2, - Audio Selector Panels and Amplifiers 
 Deviation ETSO-C57a#2 - Headsets and Speakers 
 Deviation ETSO-C58a#2 - Aircraft Microphones (Except Carbon) 




Deviate from § 3.1.2 to use EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/ 
DO160D change 3 as environmental test standard. 
See Annex 1. 




                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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(3) Deviation ETSO-C57a#3 – Headsets and Speakers 
Deviate from RTCA DO-214 2.3.8.4 and apply the Cord Connector Flexibility test 
only for the connector to the aircraft. 




Industry: 




For easier inter changeability an additional connector has been introduced between 
cable and the headset itself or on a kind of box introduced somewhere in the cable e.g. 
to adjust the volume. Other than on the connector fixed in the panel only tensile force 
is applied. The connector fixed in the panel has to take bending force as well. As there 
is no bending force at all this specific test is not applicable. 




EASA: 




We accept the position of the applicant and will take this point on board to clarify the 
requirement in future revisions of the standard to be only applicable to cases when the 
connector counterpart is mounted in a fixed way. 




(4) Deviation ETSO-C50c#3 – Audio Selector Panels and Amplifiers 
Deviate from DO-214 2.8.2.7 Crosstalk 




In sub-paragraph 2.8.7.2.1 Input-to-Output Crosstalk and Bleed-Through Levels: Vref 
will be defined as the rated output level of the monitored output in lieu of the rated 
input. 




In sub-paragraph 2.8.2.7.2 Input-to-Input Crosstalk: Vref will be defined as the rated 
input level of the monitored input. 




Industry: 
RTCA DO-214 Section 2.8.2.7 Crosstalk: 
“In subparagraphs 2.8.2.7.1, 2.8.2.7.2 and 2.8.2.7.3 the leakage or crosstalk is 
expressed in decibels as dB = 20 log (Vcrosstalk/Vref). In subparagraphs 2.8.2.7.1 
and 2.8.2.7.3, Vref is defined as the rated input." 
 
The use of rated input as the reference results in inconsistency in the permitted levels 
of crosstalk on different outputs. The following examples illustrate this: 
 




(i) When a signal is applied to a microphone input with a rated input of 250 
mVrms the absolute voltage level of crosstalk permitted at an output per 
DO-214 section 2.4.7.1 is 55 dB below 250 mVrms, or 440 µVrms (for 
Class 1a or 1b equipment). On a typical headphones output (maximum 
rated output 6.0 Vrms) a signal level of 440 µVrms, when expressed in 
decibels, would be: 
 20 log (440 µV/ 6 V) = - 82.6 dB 
For a properly designed audio system a signal 80 dB below rated output 
level would not be audible, particularly in a noisy environment such as the 
cockpit of an aircraft in flight. 




 
(ii) Conversely for a high level radio input with a rated input of 7.75 Vrms the 




absolute voltage level of crosstalk permitted at an output per DO-214 
section 2.4.7.1 is 55 dB below 7.75 Vrms or 14 mVrms. On a typical 
interphone tieline output (maximum rated output 0.5 Vrms) a signal level 
of 14 mVrms, when expressed in decibels, would be 
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 20 log (14 mV/ 0.5 V) = - 31.2 dB 
For a properly designed audio system a signal 30 dB below rated will be 
audible during normal usage and would be unacceptable for most 
applications. 




 
(iii) Now consider the same interphone tieline output in example (ii) above, but 




instead of a high level radio input use the microphone input of example (i). 
The absolute voltage level of crosstalk permitted at an output is 55 dB 
below 250 mVrms, or 440 µVrms. On the interphone tieline output this 
equates to:  
 20 log (440 µV/ 0.5 V) = - 73.2 dB 
Since it is the operator who is listening to the output of the equipment, if 
the rated input level is used to derive Vref as is currently required by DO-
214, then the operator hears an inconsistent level of crosstalk isolation for 
different input channels (e.g. in examples (ii) and (iii), 31.2 dB for one 
channel, 73.2 dB for another channel).     




 
To solve this problem, a means of assuring consistent crosstalk isolation is to use the 
rated output level to derive Vref. 
 
To summarize, for subparagraph 2.8.2.7.1 Input to Output Crosstalk, Vref should be 
defined as the rated output level of the output being monitored. In all of the above 
examples, if Vref was defined as the rated output, the maximum acceptable crosstalk 
would be 55 dB below the rated output, which would not interfere with the 
intelligibility of audio on the system, and it is likely that it would not be audible to the 
user. More importantly, the crosstalk requirement will not vary depending on which 
input is used and a consistent level of safety will be assured. 
 
For subparagraph 2.8.2.7.2 Input to Input Crosstalk, Vref is not defined by DO-214. If 
the examples presented above are applied to two inputs of differing rated levels, a 
similar inconsistency occurs with Vref defined as the rated input of the input where 
the signal is applied. Therefore, the most suitable definition of Vref is the rated input 
level of the input being monitored for the crosstalk measurement. 
 
For example, if a receiver input having a 7.75 Vrms rated input level is supplied with 
an input signal, and a mic input having a 0.25 Vrms rated input level is measured, 
then the rated input level for the mic input should be used to derive Vref. This assures 
that the level of crosstalk onto the more sensitive mic input is low enough to prevent 
receiver audio from leaking excessively onto the mic circuit thereby assuring a greater 
level of safety. 




EASA agrees to the proposal and suggest updating the specification for general 
clarification. 
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Annex 1 Use of updated standards 
ETSO-C50c#1, ETSO-C57a#1, ETSO-C58a#1  
Use RTCA DO-214 instead of EUROCAE ED-18/RTCA DO-170. 
ETSO-C50c#21, ETSO-C57a#2, ETSO-C58a#2  
Use EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/ DO-160D change 3. 




Industry Position: ELOS (Equivalent Level of Safety) is provided by use of later 
revision of the requirement document. 




EASA: Often there is an update to a standard available but the reference in the ETSO 
has not been changed The updated documents provide more precise information to 
avoid misinterpretation. It is planed to update the ETSOs in the frame of the long term 
rulemaking program to the most accurate version.  
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ETSO.CRD.DevP05 to ETSO.DevP 
 



COMMENT RESPONSE DOCUMENT ETSO.CRD.DevP05 to ETSO.DevP05 dated 08.05.2007 



21.9.2007 1/1 



 



EASA CS-ETSO Deviation Consultation ETSO.DevP05 



consultation period closed 30.5.2007 
 



DEVIATION 
COMMENTED COMMENT / PROPOSAL 



AUTHOR OF 
THE 
COMMENT 



DATE OF 
COMMENT 



 
PCM RESPONSE 
 



ETSO-C45a#3a The proposed term MAP on an electronic display could be confused or 
thought to be connected with MAP display functionality. This may be 
acceptable on a dedicated mechanical instrument. MaP may be a better 
alternative. 
 
The alternative term MAN PRESS could be confused with Manual 
Pressurisation.  
 
May be acceptable on an unpressurised aircraft as there will be no 
conflict however.  
 
Justification: Proposed alternatives to ETSO may cause potential 
confusion particularly on an electronic display that has many functions 
(eg IAS, Attitude, Modes, Map displays etc) 



CAA UK 29.5.2007 We agree to the concern but an 
assessment on the specific case showed 
that no misinterpretation may occur within 
the display itself. The abbreviation is used 
within the block of engine instruments. The 
specific PFD has no map capability and is 
intended to be used mainly on 
unpressurised aircraft. We grant the 
deviation on the equipment level as a 
sufficient number of installations may be 
done without any problem. We can not 
exclude, that the installation certification in 
specific cases may find unacceptable 
cockpit philosophy mismatches which than 
need correction. 
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EASA CS-ETSO Deviation Consultation ETSO.DevP.06 
COMMENT RESPONSE DOCUMENT 



Deviations Requests for an ETSO Approval for CS-ETSO. Applicable to Cargo Container 
[consultation period closed 08/06/2007] 



 



DEVIATION 
COMMENTED COMMENT / PROPOSAL 



AUTHOR OF 
THE 
COMMENT 



DATE OF 
COMMENT 



 
PCM RESPONSE 
 



General The UK CAA would like to confirm that we agree with the proposals 
contained in the above consultation document, the placards are 
acceptable and the CG chosen for load test is as the NAS3610 
specification. 



CAA UK 08.06.2007 Noted.  



 













ETSO C-135 
Deviation Request for CS-ETSO ETSO-C135 applicable 
to Transport Aeroplane Wheels and Brake Assemblies 



dated 24/10/2003 
EASA 



 
 
 



Commenter: UK CAA
Paragraph: General
Comment: The rationale for the justification of the consequences of this 



deviation being no worse than major is understood.  However, it is 
considered that the justification presents mitigating factors that the 
minimal impact on safety is acceptable, rather than justifying an 
‘equivalent level of safety’.  It is suggested that this issue has arisen 
because the loading cases defined by the tyre ETSO and the wheel 
ETSO are different and the tyre ETSO includes the combined radial 
and side load test from the wheel ETSO. 
 
It is recommended that the two ETSOs should be harmonised so that 
the loading cases are the same, and, in particular, that a combined 
radial and side load test be included In the ETSO for the tyre. 
 



Justification:  
Proposed Text:  



(if applicable) 
 



Author’s 
Response: 



The commenter is correct in their assessment of the justification for 
this deviation.  The minimal impact on safety is acceptable, rather 
than being an equivalent level of safety. 
It is also accepted that one or both of the ETSOs (for wheels and 
brakes and for tyres) will need to be revised, but this is the work of 
future rulemaking, and in the meantime, the deviation will be 
accepted as explained in the EASA Position. 



 
 















 




Request for deviation from applicable airworthiness code 
Consultation Paper 




 
 
Equipment model: Main wheel for Large Transport aircraft 
 
Airworthiness code involved: European Technical Standard Order ETSO-C135 




Transport aeroplane wheels and wheels and brake 
assemblies. 




Date: 20.04.2007 
 




 1. Introductory note  
The hereby presented Deviation request shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041




 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states:  
“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted to 
the panel of experts and be subject to a public consultation of at least 3 weeks, 
except if they have been previously agreed and published in the Official Publication 
of the Agency. The final decision shall be published in the Official Publication of the 
Agency.”  
 




 2. Background  




 2.1 Identification of issue  
The main wheel for a large transport aircraft meets the minimum performance 
standard prescribed by ETSO-C135 except for the requirement hereunder. 
 
ETSO-C135 § 3.2.2.2 Combined Yield Load (wheels tests) requires: "There must be 
no interference in any critical areas between the wheel and brake assembly, or 
between the most critical deflected tyre and brake (with fittings) up to limit load 
conditions..." 
 
During ETSO-C135 qualification testing, interference occurred between brake and 
tyre before the combined limit loads were reached. Indeed the tyre selected by the 
aircraft manufacturer came in contact with the brake structure (Brake Actuator carrier 
torque take-out) at a combined load value of 72% of limit radial load and 90% of limit 
side load. 
 
The wheel manufacturer is submitting to EASA this deviation request against ETSO-
C135 for the main wheel for this aircraft type. 
 




                                  
1 cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 















 




 2.2 Arguments supporting the deviation request  
The wheel manufacturer claims that deviations concerning similar cases has been 
substantiated and approved previously and proposes EASA accept the relevant 
deviation as is, according to the following arguments. 
 
Tests results have been submitted by the wheel manufacturer to the aircraft 
manufacturer. According to the aircraft manufacturer a side load is not predicted to 
exceed 90% of limit load for this condition more often than once in 10,000 flights. 
 
The aircraft manufacturer stated that in case of interference only 2 positions (8 
wheels per aircraft) would be affected, and that in case of a 2 tyres failure, this failure 
would be considered as minor, for airplane safety.  
Moreover, when conditions for this aircraft are compared with a similar aircraft model 
from the same manufacturer (same wheel rim diameter), similar combined load 
vectors and lateral tyre stiffness are found. 
Also, the lateral distance (clearance) between tyre and brake are similar for this 
aircraft and a similar model from the same manufacturer. With the fleet of this similar 
model accumulating more than 38,000 landings to date, no such interference has 
been identified. 
 
Annex 1 includes a 7-page document issued by the aircraft manufacturer to 
substantiate more precisely those statements. 
 
 
The wheel manufacturer recalls that a similar request for deviation has already been 
granted by a subcontracted National Aviation Authority on behalf of EASA for another 
of its main wheels. 
 
Taking into account the facts presented above, the wheel manufacturer considers 
that this main wheel complies with the ETSO-C135 requirements, providing an 
equivalent level of safety. 
 
The wheel manufacturer agrees that the information contained in this document is not 
proprietary. 
 
 
ANNEX 1 (7 pages): Aircraft manufacturer analysis on Brake tire interference at limit 




side load (ETSO / TSO-C135 compliance) 















 




 2.3 EASA Position  
EASA agrees that all aspects of the ETSO minimum performance standard have been met by 
this wheel, with the exception of paragraph 3.2.2.2, which requires that there shall be no 
interference between wheel brake and tyre at combined limit radial and side load conditions. 
 
The wheel manufacturer requests a deviation to ETSO-C135 for paragraph 3.2.2.2, which 
states,  




“There must be no interference in any critical areas between the wheel and brake 
assembly, or between the most critical deflected tyre and brake (with fittings) up to 
limit load conditions, taking into account the axle flexibility. Lack of interference can 
be established by analyses and/or tests.” 




 
The justification of this deviation request is made with the following arguments, 
 




a) Acceptable aircraft level risk 
 
The aircraft manufacturer has analysed the aircraft level hazards associated with the potential 
tyre failure which could be caused by this interference.  It has been determined that the likely 
failure mode, the loss of up to two tyres on a single gear, has consequences no worse than 
major for the aircraft.  This classification has been accepted by the aircraft certifying 
authority. 
 
 




b) Unlikely to reach this loading condition in service 
 
The aircraft manufacturer quotes a statistical examination of side load factors collected from 
large transport aircraft in service.  This shows that the case giving rise to this loading 
condition is conservative for commercial airliners and becomes more conservative with 
increasing aircraft size. 
EASA only partially accept this report in support of this deviation, since it is understood that 
the data in the report quoted is "clipped" data - i.e. the data was edited at source before use by 
the authors of the report.  The report is useful, however, for showing typical, rather than 
extreme, operational loads and for the showing of trends.  The report does show, however, 
that larger aircraft tend to experience lower lateral loads than smaller aircraft.  The report also 
shows that high lateral loads are not typical of service experience which does contribute to 
this particular case. 
 
 




c) Comparison to existing approved design in service 
 
The aircraft manufacturer compares the tyre clearances for the subject wheel and brake 
assembly with those of a similar large transport aircraft already in service.  They claim that 
the dimensions are similar as are the loads and the tyre stiffnesses, and so the service record 
(of no identified interferences) for the comparison aircraft can be used as supporting evidence 
that tyre/brake interferences are not likely. 
EASA consider this comparison valid, but it is made against a single type with some, but not 
extensive, service history and also having a different configuration of landing gear. 
 















 




EASA has reviewed this requested deviation and agrees that the above arguments are 
acceptable compensating factors providing an equivalent level of safety for the intent of 
ETSO C135 requirements.  Therefore, EASA envisages granting the requested deviation to 
ETSO with limitations stated on the ETSO Authorisation.  




Note: If this deviation is accepted, it would than be published in the Official Publication of 
the Agency. It would then be usable by other applicants, if they could substantiate their 
specific case with relevant data and when supported by the applicable aircraft manufacturer. 
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EASA CS-ETSO Deviation Consultation ETSO.DevP.08 
COMMENT RESPONSE DOCUMENT ETSO.CRD.DevP08to ETSO.DevP08 published 29.05.2007 



initial consultation period closed 19.06.2007 
 



DEVIATION 
COMMENTED COMMENT / PROPOSAL AUTHOR OF THE 



COMMENT DATE OF COMMENT 
 
PCM RESPONSE 
 



General Overall the deviation requests seem reasonable 
although all of the requests incorporate higher 
standards. 
Will this have any bearing on future development of 
ETSO C129a (is this deviation request the new 
standard)? 



CAA UK 14.06.2007 Noted 
If updating EUROCAE ED-72A it is proposed to 
harmonize some areas with RTCA DO-229D. 
Both standards addressing different types of 
GNSS receivers but should have similar 
requirements for similar functions. This deviation 
will not force to use the newer standard as it is the 
nature of deviations to be requested from 
applicants. 



ETSO-C129a#6 It is not clear how this constitutes a deviation from 
the ETSO  
Section 3.2.2.4 j(5) requires a smooth transition from 
1Nm to 0.3Nm at the FAF, not a step change. 



CAA UK 14.06.2007 Partly accepted 
The requirement asks for a dedicated full scale 
cross track deviation and a transition between the 
two given values while the deviation uses a ILS 
look alike full scale value constantly varying with 
the distance to the threshold and going below the 
0.3 NM value specified in the requirement as well.  
The wording in the short description will be 
changed to better describe the issue. The new 
description reads: Deviate from EUROCAE 
ED-72A Section 3.2.2.4.j.(4), -(5) and provide 
a smooth ILS look alike cross track deviation 
instead the requested transition to 0.3 NM full 
scale deviation.  



ETSO-C129a#7 Seems to be some confusion with Para 3b), 
requesting a 15 second alert in lieu of a 
3 nautical Mile alert for the scaling change: if the 15 
second rule is applied ahead of the FAF  (where 
there is no FACF ), then 15 seconds is a lot less 
warning than 3M (where at 120knots it would take 90 
seconds to travel 3NM). 



CAA UK 14.6.2007 Rejected 
The main purpose of the scale change alert is to 
make the pilot aware that there is an upcoming 
automatic change of the display behaviour. There 
is no direct action required by this information. As 
the system changes its functioning it is better to 
have this kind of information shortly before it 
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EASA CS-ETSO Deviation Consultation ETSO.DevP.08 
COMMENT RESPONSE DOCUMENT ETSO.CRD.DevP08to ETSO.DevP08 published 29.05.2007 



initial consultation period closed 19.06.2007 
 



DEVIATION 
COMMENTED COMMENT / PROPOSAL AUTHOR OF THE 



COMMENT DATE OF COMMENT 
 
PCM RESPONSE 
 



happens and with a constant delay time before 
the action takes place instead of linking this 
information to a distance with a speed dependent 
delay until the reaction will be seen to happen. 



 













ETSO.CRD.DevP.10 to ETSO.DevP 05/09/20 
 



COMMENT RESPONSE DOCUMENT ETSO.CRD.DevP.10 to ETSO.DevP10 dated 05/09/2007 



1/1 



 



EASA CS-ETSO Deviation Consultation ETSO.DevP.10 



 



DEVIATION 
COMMENTED COMMENT / PROPOSAL 



AUTHOR OF 
THE 
COMMENT 



DATE OF 
COMMENT 



 
PCM RESPONSE 
 



ETSO-C145#1 Further to the consultation published on the EASA Web site, the UK 
CAA would like to ask if ETSO C145 will be updated (is this deviation 
request the new standard)? 



UK CAA 20.07.2007 The update of ETSO C145 has 
already been published in NPA 14-
2005 (cf. 
http://www.easa.europa.eu/doc/Rul
emaking/NPA/NPA_14_2005.pdf). 
However, the CRD has not been 
published. In the mean time, the 
FAA had progressed with another 
draft update. The current plan is 
likely to involve a new republication 
of a new NPA. Moreover, in the 
short time, this deviation is 
accepted in the frame of the ETSO 
authorisation of the unit for which 
the deviation has been requested. 
All applicants will be entitled to use 
this deviation. 
 



 





http://www.easa.europa.eu/doc/Rulemaking/NPA/NPA_14_2005.pdf


http://www.easa.europa.eu/doc/Rulemaking/NPA/NPA_14_2005.pdf
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EASA CS-ETSO Deviation Consultation ETSO.DevP.11 
COMMENT RESPONSE DOCUMENT ETSO.CRD.DevP.11 to ETSO.DevP11 dated 29.6.2007 



 



DEVIATION 
COMMENTED COMMENT / PROPOSAL 



AUTHOR 
OF THE 
COMMENT 



DATE OF 
COMMENT 



 
PCM RESPONSE 
 



ETSO-C6d#4 
SAE AS8013A 3.13 
Automatic heading 
alignment 



The requirement already allows the use of an 
automatic function to do the alignment. 
Consequently no deviation should be necessary to 
use a mathematical process for the alignment in 
combination with other sensor inputs. 



F. Runge 2.8.2007 Accepted 
A remark will be added that no deviation is needed 
to use automatic alignment functions. 



ETSO-C10b#6 
Altitude range 
marking 



The reference provided for the specific operating 
range marking is ETSO-C10b §4.1. 
The FAA TSO reference should not be used to justify 
the requirement, as that requirement is not 
applicable in Europe. 



F. Runge 2.8.2007 Accepted 
Wording changed as proposed. 



ETSO-C151a#6 
DO-161A 2.1.4 
Mode 4 alerts 



The applicant’s table shows that Mode 4B is not 
applicable to fixed gear airplanes and rotorcraft 
(fixed or retractable).  The reason for this is not 
understood.  How is the lack of this mode justified? 
 
Mode 4B provides alerts for unsafe terrain closure in 
approach configuration.  At typical approach 
descent rates this unsafe condition may not be 
detected by other modes (e.g. 1 and 2) which are 
designed to provide alerts for excessive rate of 
descent or closure rate. 



UK CAA 20.07.2007 Rejected. 
 
Mode 4B is active during cruise and approach, with 
gear down and (where a landing flap is defined) flaps 
not in landing configuration.  
 
For aircraft with fixed gear and a defined landing 
flap, a visual and aural caution is provided (Visual = 
‘TOO LOW’ and Aural = ‘Too Low Flaps’.   
 
For aircraft with fixed gear and no defined landing 
flap position there will be no Mode 4B caution or 
warnings as the aircraft already has landing gear 
down and could adequately land in any flap position. 
This is usually the case for light general aviation 
aircraft, where only one or two flap settings are 
available and landing is possible in all flap 
configurations, including flaps up.  
 
EASA accept the operation of Mode 4B as described 
in applicants Deviation Request. 



 













 



EASA CS-ETSO Deviation Consultation ETSO.DevP.18 
COMMENT RESPONSE DOCUMENT CRD_DevP18 



Deviations Requests for an ETSO authorisation for ETSO-C146 
 



DEVIATION 
COMMENTED COMMENT / PROPOSAL 



AUTHOR OF 
THE 
COMMENT 



DATE OF
COMMENT 



  
PCM RESPONSE 
 



ETSOC146#15  Comment:
EASA states “As P-RNAV does not require CA leg computation we 
accept the presented arguments”.  This comment is indeed correct, but 
only if the operation or operations being considered are those of 
P-RNAV.  Paragraph 2.2.3 of DO-229C  (and subsequent paragraphs in 
this series) refer to “Class Gamma requirements for LNAV Approach 
Operation” and not P-RNAV operations which do not include approach. 
Justification: 
Confusion between GPS-WAAS Approach operations and P-RNAV 
operations.  
Proposed Text:  
“EASA agrees to the deviation request for the reasons stated”. 



CAA UK 23.11.2007 We agree to the proposed text. 
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EASA CS-ETSO Deviation Consultation ETSO.DevP.19 
COMMENT RESPONSE DOCUMENT 



Deviations Requests for an ETSO authorisation for CS-ETSO applicable to  
GPS-WAAS Receiver (ETSO-C146), Fuel Flowmeters (ETSO-C44b), and Stall Warning Instruments (ETSO-C54) 



initial consultation period closed 18.May 2008  
 



DEVIATION 
COMMENTED COMMENT / PROPOSAL AUTHOR OF THE 



COMMENT 
DATE OF 
COMMENT PCM RESPONSE 



ETSO-C146#17 
 
Deviate from DO-
229C paragraphs 
2.1.1.10, 2.1.1.7, 
2.1.1.8.1, 2.1.1.8.2, 
2.1.1.9, 2.1.2.1, 
2.1.3.1, 2.1.4.1.4, 
2.1.4.1.5 and 
2.1.5.1 in the form 
of an operational; 
limitation to achieve 
an equivalent level 
of safety. 



An AFM limitation is not appropriate in an 
ETSO. 
 
This is an installation problem where installers 
may well not be aware of the limitation.  MMR 
ETSO have rejected AFM limitations in an AFM 
as not being in the scope of an ETSO approval.



CAA UK 15.5.2008 It is a correct understanding, that an ETSO approval is not 
an installation approval and consequently can not certify or 
endorse an AFM / AFM supplement. 
Through the installation manual of the equipment the 
manufacturer provides guidance and limitations to the 
installer, who than compiles the AFM. Many installation 
manuals contain proposals for the AFM. Consequently we 
see no reason not to provide the information to be taken 
into consideration for the installation design. A clear 
description of the issue and how to deal with it is provided. 
The issue can be described independent from a specific 
aircraft model and its specific performance but may be 
configuration dependent. We thank for the comment as the 
wording in the deviation request could be interpreted to be 
already an AFM or AFM supplement.  
The deviation short description is reworded to read: 
Deviate from DO-229C paragraphs 2.1.1.10, 2.1.1.7, 
2.1.1.8.1, 2.1.1.8.2, 2.1.1.9, 2.1.2.1, 2.1.3.1, 2.1.4.1.4, 
2.1.4.1.5 and 2.1.5.1 to allow: 



1. The ability to use antennas that may not meet the 
minimum gain performance requirements of DO-
228. 



2. The ability to mitigate the effects of the different 
gain characteristics of those antennas by 
increasing the effective mask angle through 
operational limitations. 



3. The ability to further increase the effective mask 
angle, through operational limitations, to a level 
commensurate with test conditions used in the 
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original TSO qualification tests. 



4. The ability to use -128 dBmic as the minimum GPS 
satellite signal-in-space for the purpose of 
assessing the operational limitation. 



5. The ability to use -128 dBmic as the minimum 
SBAS satellite signal-in-space for the purpose of 
assessing the operational limitation. 



Depending on the system configuration selected, an 
operational limitation may be necessary to reach an 
Equivalent Level of Safety during the installation. 
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ETSO-C166a#1 We disagree with the decision not to mark the class of equipment 
on the label.  A person should be able to determine the 
equipments capability by reading the label. 
 
This deviation means the LRU and ultimately the aircraft will not 
comply with CS xx.1301(a) (2). We would accept a statement on 
the label that cross-references the manual.   
 
Proposed Text: For Equipment class see Operating Manual ref 
XYZ 



CAA UK 8.12.2009 Not Accepted: The ETSO process is optional. 
Consequently the aircraft may be approved 
without having any ETSO approved equipment 
installed and there is no requirement for class 
marking on aircraft level. 
Part 21 does not have any other requirement 
than identifying the part. 21A.807 even allows 
providing some information on the 
airworthiness release certificate (Form 1). 
CS XX.1301 (a)(2) reads: Be labelled as to its 
identification, function, or operating limitations, or any 
applicable combination of these factors. (See AMC 
25.1301(a)(2).) 
Identification is performed by part number and 
function is identified by the model name.  
It can not be expected that a label contains 
sufficient information for an integrator. He has 
to consult the Installation Manual and the DDP. 
The AMC to CS 1301(a)(2) addresses 
maintenance task. As no specific maintenance 
handling is linked to the ADS-B class 
definitions, we see no need to request such 
marking to ease maintenance or equipment 
handling. 
Operational limitations have to be provided in 
the AFM to the pilot. Current ADS-B 
implementations do not, to our knowledge, 
reference to any class requirements. The 
reference in the operating manual was 
introduced to ease potential ramp inspections 
and to ease future ADS-B implementations.  
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ETSO-C62a#1 
 
 
Deviate from Appen-
dix 1 §4.3 (Over-
pressure testing) 



Paragraph No: General 
 
Comment:  There appears to have been a 
change over to the US spelling of Tyres from 
the 2003 version of ETSO-C62d. Why the need 
for change? 
 
Tire: ‘to become or cause to become in need of 
rest or sleep’. 
 
Tyre: ‘a rubber covering typically inflated, 
placed round a wheel to form a soft contact 
with the road’. 
 
Justification:  Correct use of English in 
Europe. 
 
Proposed Text (if applicable):  Substitute the 
US word Tire(s) for the correctly spelled word 
Tyre(s). 



CAA UK 02.07.2009 Partially accepted 
 
As we quote an FAA AC, this text is not changed, but the 
rest of the deviation publication. 



ETSO-C62a#1 
 
 
Deviate from Appen-
dix 1 §4.3 (Over-
pressure testing) 



Paragraph No: 2 
 
Comment:  The ETSO C62d does not make 
any specific reference to, or definitively pre-
scribe requirements for, the qualification testing 
of retreaded tyres.  As an alternative reference, 
FAA AC145-4 provides guidance for the devel-
opment, qualification and approval of the re-
tread process, including testing requirements 



CAA UK 06.07.2009 Noted 
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following such a process, and has for many 
years been recognised as acceptable in meet-
ing the objective requirements that ensure the 
integrity of a tyre after retread and it’s contin-
ued airworthiness. The difference in the Over-
pressure requirement of AC145-4 (3 x rated 
pressure) relative to the ETSO is in recognition 
of the in-service usage.  None-the-less there is 
no evidence that the deviation has, as a con-
sequence, resulted in any reduction in airwor-
thiness with regard to tyre burst.  
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ETSO-2C514#1 
ETSO-2C514#2 



No Comments CAA UK 18.08.2009 Noted 



ETSO-2C514#1 There is no specific concern with the use of DO-160D 
instead of DO-160E, but the justification provided by 
the industry is based only on the comparison between 
both versions. If the differences are so small, why  not 
using DO-160E? If “in all cases there are possibilities 
to select categories allowing to show compliance 
without doing much retesting.”, there should be no 
need for a deviation … 
 



EASA internal 05.08.2009 Partially Accepted. 
Clarification is added to the EASA response that we 
recommend using the newest version of the 
environmental standard, which may be a ‘positive’ 
deviation to the requirement. On the other hand 
industry may be in the situation that the hardware 
has not been changed or only very little changes 
have been implemented since the original design 
which formally would need qualification retesting to 
meet the newer requirements. For some sections 
and categories a simple comparison between the 
testing is possible but for other sections additional 
testing is necessary to cover the requirements which 
may not be needed during later installation. To 
clarify differences and options extracts from the new 
draft FAA AC 21-16F have been added to the 
response including a comparison matrix showing the 
evolution of the standard for easier tracking.  
Formally for each deviation to the requirement – in 
this case the use of DO-160E – a deviation is 
necessary. For the update of CS-ETSO it is planned 
to allow industry more flexibility when selecting the 
environmental standard. This is a harmonised 
position with the FAA. 



ETSO-2C514#2 In Section 25 of DO-160D and E it is not stated that 
the section is applicable “mainly to connector pins”, 
but states that it is “applicable for all equipment and 
surfaces which are accessible during normal 



EASA internal 05.08.2009 Accepted 
Instead of accepting the deviation it will be rejected. 
The answer will provide proper argumentation why 
the test is required for equipment having controls in 
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operation and/or maintenance of the aircraft”. So it 
applies to any equipment that the crew can touch. 
 Moreover, § 25.7 defines the test points: “any point in 
the control or keyboard area and any other point of 
human contact, such as switches, knobs, buttons, 
indicators, LEDs, slots, grilles, connector shells and 
other operator accessible areas. “  
I do not know much “connector, which is intended to 
be disconnected / connected during flight as part of 
the operation”. If we apply such an argument, no 
equipment would need to pass this test. So if the 
equipment is installed in the flight deck, I see no good 
reason to accept this deviation. 



the cockpit.  
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 ETSO-C4c#5 The time of 5.5 to 7.5 mins should be stated in the AHRS DDP. Such 
information on the AHRS performance is necessary for DOAs designing 
installations involving the AHRS 



CAA UK 14.08.2009 Accepted: the fact that these 
deviations should be listed into the 
DDP should have been mentioned 
in the deviation publication. 
Deviations are indicated on the 
certificate. Except for 
straightforward deviations, the 
certificate refers to a paragraph in 
the DDP. The DDP also has to 
detail the deviations. The proposed 
DDP indeed contains and 
documents these deviations.  



ETSO-C4c#5 If the AHRS is not certified for providing primary pitch and roll 
information for primary display, is there any limit on it being a primary 
input to an AFCS (Flight Director or Autopilot system)? 
 
Justification:  The AHRS may not be suitable as the primary input to an 
AFCS.  It may only be suitable as a comparator input.  Manufacturer to 
consider ramifications. 



CAA UK 14.08.2009 Contents accepted. However, the 
determination of whether the unit 
can be the attitude source for an 
autopilot would require an aircraft 
level system safety assessment. 
This is outside the scope of the 
ETSO authorisation. Additionally, 
at the ETSO level, the common 
causes’ failures analysis, such as a 
common unit driving both the 
autopilot and the attitude indicator, 
is not considered either. Therefore, 
even without any limitation, the 
installation of an AHRS requires a 
detailed analysis tailored to an 
aeroplane’s architecture. The 
intent of the proposed limitation as 
“cannot be used for primary 
attitude display” is to clearly leave 
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the final determination at the 
aircraft level. Therefore, EASA 
proposes to keep the proposed 
limitation in order to trigger the 
detailed assessment at installation 
level. 
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 ETSO-C166a#4 The ‘limitation’ proposed by EASA is acceptable, however its 
detail within the Installation Manual should be supplemented by a 
statement in an ‘approved’ document such as the DDP and/or the 
certificate. 
 
Justification: The limitation should be visible within an EASA 
approved or issued document. 



CAA UK 4.12.2009 Accepted. 21A.608 requests to 
record deviations and the rated 
performance in the DDP. 
Deviations and Limitations are 
identified on the ETSO 
authorisation. The wording in the 
final publication will be adopted 
accordingly. 
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 ETSO-C64a#2 While the UK CAA agrees that it appears intuitively better to conduct 
such tests on the ‘real thing’, i.e. human test subjects, rather than an out 
date breathing machine which has limitations as discussed, the UK CAA 
would comment that human variability should also be taken into account 
when comparing against a standardised engineering criterion. 
 
Proposed Text (if applicable): No change proposed. 



CAA UK 27.05.2010 Accepted. Seven subjects were 
actually used by the ETSOA 
Applicant to establish the Curve 
"C" from AS 8025A and eleven 
subjects were used to validate the 
flow curve in accordance with AS 
8025A paragraph 6.1.8 [see the 
Avox letter dated June 4, 2010]. 
The wording in the final publication 
will be adopted accordingly 
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ETSO-C57a#7  
short description 



Comment:: 115dB (90+25 dB) is very loud 
 
Justification: The CAA suggests that EASA should consult with a 
clinical audiologist to determine, given a worst case, or plausible 
abnormal case scenario, if there is sufficient protection from “acoustic 
shock” and that the proposals are compliant with UK noise at work 
regulations. 



http://www.hse.gov.uk/noise/acoustic.htm 
 



CAA UK 3.9.2010 Accepted. The deviation is more 
about the effectiveness of the 
device than to specify the 
maximum sound level which may 
be produced. For current design 
105 +/- 3 dBSPL @ 1mW, 1 kHz is 
used. We will grant the deviation to 
that level and request further 
substantiation in case higher 
values will be requested. 
We will limit the value to 90+18 dB 
in the list of accepted deviations.  



ETSO-C57a#8 
EASA response 



Comment: UK CAA supports EASA’s concern in relation to the danger 
of high sound pressure levels. UK CAA believes that in all cases where 
upper limits of sound pressure levels are being considered, the 
operational scenarios should be explained to a clinical audiologist who 
may comment on the health and legal aspects of the proposals.  



CAA UK 3.9.2010 Noted: The main point in respect to 
the specific test scenario is to have 
comparable conditions for the 
distortion measurements. 



ETSO-C58a#6 Comment: The lower operating voltage should also be specified in the 
Declaration of Design and Performance (DDP)  
 
Justification: To provide the installers/owners with the appropriate 
limitations.  
 



CAA UK 3.9.2010 Noted: 21A.608 already requires 
listing all deviations and the rated 
performance in the DDP. 
Consequently we have not 
reminded the applicant to his 
obligations. 
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ETSO-2C112b#6  
EASA response 



Comment:  
Concur with EASA‘s comments with regard to deviation #3 requiring an 
appropriate limitation on the Certificate/DDP/Instn Manual and those 
relating to the impact on the user of installing equipment with such a 
limitation. However, the text noting possible consequences (and 
particularly the final sentence on page 3) that follows the EASA 
acceptance, stated on page 2, seems to contradict the acceptance. This 
should be worded more clearly such that the final conclusion is 
unambiguous. 
 
Justification: Confusing to the reader. 



CAA UK 15.9.2010 Accepted. Especially the last 
paragraph has been reworded to 
clarify the intent. Aim is to limit the 
use of the deviation to existing 
designs including major 
modifications to the design but not 
to apply it for new developments. 
The changes lead to revision b of 
the document. 
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Paragraph No: 
Paragraphs not 
numbered. Third sub 
heading. 
 



Comment: Under second section of deviation, the title states “ETSO-
C112b#1 – Static Electrical Power Inverter”. The relevance of ETSO-
C112 to this deviation could not be determined, and this was considered 
a mistake.  
 
Justification: ETSO C112 relates to ATCCRBS/Mode S airborne 
equipment and not the subject of this deviation. The incorrect heading is 
presented underneath the correct one. 
 
Proposed Text (if applicable): Delete second, incorrect, heading. 
 



CAA UK 23.9.2010 Partially Accepted. 
We thank the CAA UK for spotting 
the numbering error. The deviation 
has been renumbered to ETSO-
C73c#1 to keep the link to the 
specific ETSO. 
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ETSO-C127a #59 Comment: CAA/UK does have no issue with the technical conclusion – 
the policy concerning lightweight seat cushions developed by the FAA is 
well established.   
However, in order to make this policy sustainable EASA should 
consider amending the ETSO to accommodate it. 
 
Justification: ETSOs should, as far as possible, be repeatable and 
usable standards. Established policies should be incorporated in them 
as appropriate.  
 



CAA/UK 14.02.2011 Noted : Comment will be 
considered in the frame of 
Rulemaking task No. ETSO.008 
(update of ETSO standards) 
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Deviations requests for an ETSO approval for CS-ETSO 
Applicable to G1000 Avionic System by Garmin 



Consultation Paper 



Introductory note 
The hereby presented Deviations requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted to 
the panel of experts and be subject to a public consultation of at least 3 weeks, except 
if they have been previously agreed and published in the Official Publication of the 
Agency. The final decision shall be published in the Official Publication of the 
Agency.” 



Identification of issue 



Garmin submits to EASA several deviation requests against CS-ETSO for their 
integrated G1000 avionic suite with intelligent displays. The applicant has received 
already the related FAA TSO approval including the acceptance of the following 
deviations. Many of theses deviations have been already accepted in Europe during 
previous certifications e.g. under JTSO umbrella.  



The deviations apply mainly to the integrated multi function control and display 
elements. The main ETSO for this kind of unit is ETSO-C113. As the unit displays 
several instruments and has additional functionality e.g. Flight Management System, 
several further ETSOs are applicable as well. 



Deviations requests 



The deviations requested can be summarized as follows: 



1. use of updated requirement standards. 



2. use of newer environmental standard. 



3. adapt the instrument viewing angle requirement to LCD pixel graphic 
technology. 



4. autopilot commands limitation and engagement annunciation 



5. adaptations related to supplemental GPS receivers 



6. adaptations for the WAAS receivers 



The details of these deviations are described below. The deviations are sorted by 
ETSO number. The detailed discussion will follow in annexes to allow the discussion 
of the same technical content at one place. Only specific deviations will be discussed 
in this section. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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(1) Deviation  ETSO-C2d#1 – Airspeed Instruments  
Deviate from ETSO-C2d 3.1.1 to use SAE AS 8019A instead of SAE AS 8019 as the 
Minimum Performance Standard.   
See Appendix 1. 



(2) Deviation  ETSO-C2d#2 – Airspeed Instruments 
Deviate from ETSO-C2d to eliminate the requirement 3.2.3 in SAE AS 8019A that 
requires "the instrument face to be marked with 'Airspeed' or 'IAS' and also with the 
applicable units of measure."   
 
See Appendix 3.2. 



(3) Deviation ETSO-C2d#3 – Airspeed Instruments 



Deviate from ETSO-C2d to modify the requirement 3.2.5 in SAE AS 8019A that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 



See Annex 3.1. 



(4) Deviation ETSO-C3d#1 – Turn and Slip Instruments 
Deviate from ETSO-C3d to modify the requirement 3.7 in SAE AS 8004 that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular." The viewing envelope is defined (per 
ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal 
directions, 45 degrees in the up vertical direction, and 10 degrees in the down vertical 
direction. 



See Annex 3.1. 



(5) Deviation ETSO-C4c#1 – Bank and Pitch Instruments 
Deviate from ETSO-C4c 3.1.1 to use SAE AS 8001 instead of SAE AS 396B for 
Minimum Performance Standards and Environmental Standards. 



See Annex 1. 



(6) Deviation ETSO-C4c#2 – Bank and Pitch Instruments 
Deviate from ETSO-C4c 3.1.2 and SAE Aerospace Standard AS 8001 to use RTCA 
DO-160D instead of RTCA DO-138 as the standard for Environmental Conditions 
and Test Procedures for Airborne Equipment.   



See Annex 2. 



(7) Deviation ETSO-C4c#3 – Bank and Pitch Instruments 
Industry: Neither ETSO-C4c nor SAE Aerospace Standard AS 8001 specifies use of 
a standard for software development; RTCA DO-178B shall be used as the standard 
for Software Considerations in Airborne Systems and Equipment Certification. 
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EASA: EASA promotes to use the EUROCAE ED-12B/RTCA DO-178B software 
development process even though not required by the specific ETSO. Historically it 
had not been assumed to realise such a function by software.  



(8) Deviation ETSO-C6d#1 – Direction Instrument, Magnetic 
(Gyroscopically Stabilized) 



Deviate from ETSO-C6d 3.1.1 to use SAE AS 8013A instead of SAE AS 8013 as the 
Minimum Performance Standard. 



See Annex 1.  



(9) Deviation ETSO-C6d#2 – Direction Instrument, Magnetic 
(Gyroscopically Stabilized) 



Deviate from ETSO-C6d to modify the requirement 3.10.2 in SAE AS 8013A that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular." The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction .  



See Annex 3.1. 



(10) Deviation ETSO-C8d#1 – Vertical Velocity Instrument (Rate-of-Climb) 
Deviate from ETSO-C8d 3.1.1 to use SAE AS 8016A instead of SAE AS 8016 as the 
Minimum Performance Standard. 



See Annex 1. 



(11) Deviation ETSO-C8d#2– Vertical Velocity Instrument (Rate-of-Climb) 
Deviate from ETSO-C8d to modify the requirement 3.2.4 in SAE AS 8016A that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 



See Annex 3.1. 



(12) Deviation ETSO-C9c#1 – Automatic Pilots 
Deviate from ETSO-C9c 3.1.1 to use SAE AS-402B instead of AS-402A.  



See Annex 1. 



(13) Deviation ETSO-C9c#2 – Automatic Pilots 
Deviate from AS-402B paragraph 4.4.1 to limit autopilot engagement to attitudes 
considered safe for the certified aircraft.  Use Autopilot limitations that limit pitch and 
roll engagement to more conservative limits. 



See Annex 4.1. 
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(14) Deviation ETSO-C9c#3 – Automatic Pilots 
Deviate from AS402B paragraph 4.3.2 to not provide servo effort indications when 
the automatic pilot is not engaged. 



See Annex 4.2. 



(15) Deviation ETSO-C9c#4 – Automatic Pilots 
Deviate from ETSO-C9c 3.1.2 to use DO-160D instead SAE AS 402A for specified 
environmental tests.  



See Annex 2. 



(16) Deviation ETSO-C10b#1 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 



Deviate from ETSO-C10b 3.1.1 to use SAE AS 8009A instead of SAE AS 392C as 
the Minimum Performance Standard. 



See Annex 1. 



(17) Deviation ETSO-C10b#2 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 



Deviate from ETSO-C10b to modify the requirement 3.7 in SAE AS 8009A that 
requires "Pointers and dial markings shall be visible from any point within the 
frustrum of a cone; the side of which makes an angle of 30 degrees with the 
perpendicular to the dial and the small diameter of which is the aperture the 
instrument case."  The viewing envelope is defined (per ETSO-C113 and SAE 
AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 degrees in the up 
vertical direction, and 10 degrees in the down vertical direction.  



See Annex 3.1. 



(18) Deviation ETSO-C10b#3 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 



Deviate from SAE AS 8009A Section 3.11 to not display ALTITUDE or ALT next to 
the tape indicating altitude.  



See Annex 3.2. 



(19) Deviation ETSO-C10b#4 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 



Deviate from ETSO-C10b 3.1.2 to use RTCA DO-160D instead of SAE AS 8009A as 
the standard for Environmental Conditions and Test Procedures for Airborne 
Equipment.  



See Annex 2. 



(20) Deviation ETSO-2C35d#1 – Radar Marker Receiving Equipment 
Deviate from ETSO-2C35d which calls out EUROCAE 1/WG7 Section 3.16 to allow 
the visual indication of the Standard Test Signal to not flash synchronized with the 
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keying, but to flash at the following fixed rates while keyed: Outer 1.33 Hz, Middle 3 
Hz, Inner 4 Hz. 



See Annex 3.2. 



(21) Deviation ETSO-C43c#1 – Temperature Instruments 
Deviate from ETSO-C43c 3.1.1 to use SAE AS 8005A instead of SAE AS 8005 as 
the Minimum Performance Standard. 



See Annex 1. 



(22) Deviation ETSO-C44b#1 – Fuel Flowmeters 
Deviate from ETSO-C44b 3.1.1 to use SAE AS 407C instead of SAE AS 407B to 
demonstrate compliance for Fuel Flowmeters. 



See Annex 1. 



(23) Deviation ETSO- C44b#2 – Fuel Flowmeters 
Deviate from ETSO-C44b 3.1.2 to use RTCA DO-160D instead of SAE AS 407B as 
the standard for Environmental Conditions and Test Procedures for Airborne 
Equipment. 



See Annex 2. 



(24) Deviation ETSO- C44b#3 – Fuel Flowmeters 
Deviate from ETSO-C44b to modify the requirement 4.2.5 in SAE AS 407C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction.  



See Annex 3.1. 



(25) Deviation ETSO- C44b#4 – Fuel Flowmeters 
Deviate from ETSO-C44b to modify the requirement 4.1.1 in SAE AS 407C that 
requires "Type I Instruments:  Rotating pointer with fixed graduated dial or counter 
type indication.  Clockwise pointer motion shall indicate increasing rate of flow."  
The gauge is defined as a horizontal or vertical bar with fixed graduations, with a 
pointer motion to the right or up indicating an increase rate of flow.  



See Annex 3.2. 



(26) Deviation ETSO-C45a#1 – Manifold Pressure Instruments 
Deviate from ETSO-C45a 3.1.1 to use SAE AS 8042 instead of SAE AS 411 for 
Minimum Performance Standards. 



See Annex 1. 
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(27) Deviation ETSO-C45a#2 – Manifold Pressure Instruments 
Deviate from ETSO-C45a to use RTCA DO-160D instead of SAE AS 411 as the 
standard for Environmental Conditions and Test Procedures for Airborne Equipment. 



See Annex 2. 



(28) Deviation ETSO-C45a#3 – Manifold Pressure Instruments 
Deviate from ETSO-C45a SAE 8042 3.10.5 to use MAN as abbreviation instead of 
MANIFOLD PRESSURE or MANIF PRESS.  



See Annex 3.2. 



(29) Deviation ETSO-C45a#4 – Manifold Pressure Instruments 
Deviate from ETSO-C45a to modify the requirement 3.10.9 in SAE AS 8042 that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular." The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 



See Annex 3.1. 



(30) Deviation ETSO-C47#1 – Pressure Instruments – Fuel, Oil and Hydraulic 
(Reciprocating Engine Powered Aircraft) 



Deviate from ETSO-C47 3.1.1 to use SAE AS 408C instead of SAE AS 408A for 
Minimum Performance Standards and Environmental Standards. 



See Annex 1. 



(31) Deviation ETSO-C47#2 – Pressure Instruments – Fuel, Oil and Hydraulic 
(Reciprocating Engine Powered Aircraft) 



Deviate from ETSO-C47 to modify the requirement 4.1.5 in SAE AS 408C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 



See Annex 3.1. 



(32) Deviation ETSO-C47#3 – Pressure Instruments – Fuel, Oil and Hydraulic 
(Reciprocating Engine Powered Aircraft) 



Deviate from ETSO-C47 3.1.2 to use RTCA DO-160D instead of AS 408C as the 
standard for Environmental Standards. 



See Annex 2. 
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(33) Deviation ETSO-C49b#1 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 



Deviate from ETSO-C49b 3.1.1 to use SAE AS 404C instead of SAE AS 404B for 
Minimum Performance Standards and Environmental Standards. 



See Annex 1. 



(34) Deviation ETSO-C49b#2 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 



Deviate from ETSO-C49b to modify the requirement 4.1.2 in SAE AS 404C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 



See Annex 3.1. 



(35) Deviation ETSO-C49b#3 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 



Deviate from ETSO-C49b, SAE AS 404C requirement 4.1.3.2 second sentence which 
states, “The increment between graduations shall not exceed 2-1/2% of full scale, 
above 600 RPM.”  The tachometer gauge which incorporate a full time digital 
readout, multiple graduations on the dial are not needed in order for the correct 
reading to be obtained.  The resolution of the digital readout will be 10 RPM which is 
less than 2-1/2% of full scale.  A pointer with clockwise motion for increasing RPM, 
is provided. 



See Annex 3.2. 



(36) Deviation ETSO-C49b#4 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 



Deviate from ETSO-C49b 3.1.2 to use DO-160D instead of SAE AS 404B as the 
Environmental Standard. 



See Annex 2. 



(37) Deviation ETSO-C52b#1 – Flight Directors 
Deviate from AS-8008 paragraph 3.6 to limit flight director operation to attitudes 
considered safe for the certified aircraft. The Autopilot limits pitch and roll 
engagement to more conservative limits. 



See Annex 4.1. 



(38) Deviation ETSO-C55#1 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 



Deviate from ETSO-C55 3.1.1 to use SAE AS 405C instead of SAE AS 405B to 
demonstrate compliance for Fuel and Oil Quantity Instruments.  



See Annex 1. 
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(39) Deviation ETSO-C55#2 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 



Deviate from ETSO-C55 to modify the requirement 4.2.5 in SAE AS 405C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 



See Annex 3.1. 



(40) Deviation ETSO-C55#3 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 



Deviate from ETSO-C55 to modify the requirement 4.2.4 in SAE AS 405C to allow 
"FUEL QTY" to be used to abbreviate "Fuel Quantity". 



See Annex 3.2. 



(41) Deviation ETSO-C55#4 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 



Deviate from ETSO-C55 3.1.2 to use DO-160D instead of SAE AS 405B as the 
Environmental Standard.  



See Annex 2. 



(42) Deviation ETSO-C118#1 – Traffic Alert and Collision Avoidance System 
(TCAS) Airborne Equipment, TCAS I 



Deviate from ETSO-C118 3.1.1 to use RTCA DO-197A instead of RTCA DO-197 as 
the Minimum Performance Standard. 



See Annex 1. 



(43) Deviation ETSO-C129a#1 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 



Deviate from ETSO-C129a (ED-72A 3.2.2.1f(3) and 3.2.2.4j(4)) to eliminate the 
annunciation for pending CDI scale change 3.0 NM from the FAF. 



See Annex 5. 



(44) Deviation ETSO-C129a#2 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 



Deviate from ETSO-C129a (ED-72A 3.2.2..1f(4), 3.2.2.3e(4), and 3.2.2.4j(2)) to 
eliminate the requirement to “alert the pilot of the need to manually insert the 
barometric pressure.  ELOS is provided by the unit calibrating pressure altitude 
whenever RAIM is available en route. 



See Annex 5. 
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(45) Deviation ETSO-C129a#3 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 



Deviate from ETSO-C129a (ED-72A 3.2.2.4j(8)) to modify the requirement to allow 
the approach mode to be deselected by performing a direct-to action on the unit.  
ELOS is provided by a two step operation that is consistent with the operational 
philosophies applied to the box in other areas.  Consistent operation throughout the 
operation minimizes pilot error. 



See Annex 5. 



(46) Deviation ETSO-C129a#4 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 



Deviate from ETSO-C129a (ED-72A 3.2.2.3d(2)) to eliminate the requirement to 
provide a “means to manually identify a satellite that is expected to be unavailable at 
the destination” for the RAIM prediction process.  ELOS is provided by eliminating 
pilot input error, low probability of satellite unavailability and the full satellite 
constellation with spares. Regardless of the destination RAIM availability status is 
correctly provided to the pilot upon arrival. 



See Annex 5. 



(47) Deviation ETSO-C129a#5 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 



Deviate from ETSO-C129a to change the requirement in ED-72A paragraph 4.16.2 to 
match the WAAS TSO-C145a and DO-229 requirements for Power input testing.  
ETSO C145 and DO-229a allow a system reset followed by satellite acquisition time 
of 5 minutes for abnormal operating conditions power input tests. 



See Annex 5. 



(48) Deviation ETSO-C146#1 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 



Deviate from ETSO-C146 to use RTCA DO-229C instead of RTCA DO-229B. 



See Annex 1.  



(49) Deviation ETSO-C146#2 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 



Deviate from ETSO-C146 to modify the requirement 2.2.1.1.4.3 in RTCA/DO-229C 
which states, "They [all displays] shall be fully readable up to a vertical viewing angle 
of 20 degrees from normal to the face of the display screen."  This deviation uses a 10 
degree vertical viewing angle below the lower display edge.  DO-229C makes no 
distinction between upper and lower display edges for the requirement of a 20 degree 
vertical viewing angle. 



See Annex 3.1. 
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(50) Deviation ETSO-C146#3 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 



Deviate from ETSO-C146 to modify the requirement 2.2.1.4.9.c in RTCA/DO-229C 
which states, "BRG to or from a VOR: The bearing is based on the true-to-magnetic 
conversion at the waypoint location, using the same magnetic conversion as used to 
define the path.” This conversion is based upon the present aircraft location instead, 
which is how other waypoint’s magnetic variation is computed. 



See Annex 6.  



(51) Deviation ETSO-C146#4 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 



Deviate from ETSO-C146 to eliminate the requirement 2.2.4.2.3 in RTCA/DO-229C 
which states, "If the aircraft is past the FPAP - (length offset), and the pilot has not 
already activated the missed approach, the receiver shall automatically transition to 
missed approach guidance.” 



See Annex 6.  



(52) Deviation ETSO-C146#5 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 



Deviate from ETSO-C146 to modify the requirements 2.2.4.6.4 and 2.2.5.6.4 in 
RTCA/DO-229C, pertaining to the low altitude alerting function. The TAWS 
capabilities of the aircraft shall be used. 



See Annex 6.  



(53) Deviation ETSO-C146#6 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 



Deviate from ETSO-C146 to modify the requirement 2.2.1.1.6 in RTCA/DO-229C 
states: "If a function is implemented as a discrete action, the equipment shall use the 
labels or messages in the Table".  The table (TABLE 2-5 LABELS AND 
MESSAGES), states that the function “Indication that there is a message” shall be 
labeled as “MSG” or “M”.  Instead the terms “ADVISORY” and “ALERTS” in 
addition to “MSG” may be used depending upon the installation. 



See Annex 6.  
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Annex 1 Use of updated standards 



ETSO-C2d#1: Use SAE AS 8019A instead of AS 8019. 
ETSO-C4c#1: Use SAE AS 8001 instead of AS 396B. 
ETSO-C6d#1: Use SAE AS 8013A instead of SAE AS 8013 
ETSO-C8d#1: Use SAE AS 8016A instead of AS 8016 
ETSO-C9c#1: Use SAE AS-402B instead of AS-402A 
ETSO-C10b#1: Use SAE AS 8009A instead of AS 392C 
ETSO-C43c#1: Use SAE AS 8005A instead of AS 8005 
ETSO-C44b#1: Use SAE AS 407C instead of AS 407B 
ETSO-C45a#1: Use SAE AS 8042 instead of AS 411 
ETSO-C47#1: Use SAE AS 408C instead of AS 408A 
ETSO-C49b#1: Use SAE AS 404C instead of AS 404B 
ETSO-C55#1: Use SAE AS 405C instead of AS 405B 
ETSO-C118#1: Use RTCA DO-197A instead of DO-197 
ETSO-C146#1: Use RTCA DO-229C instead of DO-229B 



Industry Position: ELOS (Equivalent Level of Safety) is provided by use of later 
revision of the requirement document. 



EASA: Often there is an update to a standard available but the reference in the ETSO 
has not been changed. Especially many SAE documents have been reaffirmed and 
been reissued without technical modification. In other cases the updated documents 
provide more precise information to avoid misinterpretation. It is planed to update the 
ETSOs in the frame of the long term rulemaking program to the most accurate 
version.  



Annex 2 Use of environmental standard 



ETSO-C4c#2, ETSO-C9c#4, ETSO-C10b#4, ETSO- C44b#2, ETSO-C45a#2, ETSO-
C47#3, ETSO-C49b#4, ETSO-C55#4,  



Industry: ELOS is provided by use of later revision requirement document. RTCA 
DO-160D is the successor document for RTCA DO-138.  



EASA: For the environmental standard in general CS-ETSO request the use of 
EUROCAE ED-14D / RTCA DO-160D change 3. For some ETSOs specific 
environmental requirements apply especially to reflect specifics of the sensor. In this 
case only the display and the associated computer are affected and consequently one 
common set of requirements should be used reflecting the assumed installation 
environment in the cockpit. There is no need having specific requirements for the 
displaying of one instrument. 



Annex 3 Use of LCD Technology 



3.1 Viewing Angle  



ETSO-C2d#3, ETSO-C3d#1, ETSO-C6d#2, ETSO-C8d#2, ETSO-C10b#2, ETSO-
C44b#3, ETSO-C45a#4, ETSO-C47#2, ETSO-C49b#2, ETSO-C55#2, ETSO-
C146#2  
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The viewing angle definition is not unique in the several applicable ETSOs but all 
instruments are displayed on one screen. 



Industry: ELOS is provided by defining  the viewing envelope (in accordance with 
ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal 
directions, 45 degrees in the up vertical direction, and 10 degrees in the down vertical 
direction.  The 45 degree down vertical viewing requirement is not practical or needed 
for panel mount displays.  This requested envelope is consistent with TFT LCD 
display technology.  



EASA: The viewing angle for the LCD display should be defined by ETSO-C113. It 
is not required to provide a circular view as a 45 degree vertical down view is not 
needed for the typical installation place in front of the pilot. The limitations are 
provided to the installer and consequently could be taken into consideration during 
installation. One consistent requirement shall apply for the unit. 



3.2 Pixel Graphic  



ETSO-C2d#2, ETSO-C10b#3, ETSO-2C35d#1, ETSO-C44b#4, ETSO-C45a#3, 
ETSO-C49b#3, ETSO-C55#3 



Industry: The system, as do many other Electronic Flight Instrumentation Systems 
(EFIS), presents a scrolling altitude tape with digital readout in a standardized format 
and location that does not need the specific label of ALTITUDE or ALT.  The altitude 
tape is presented directly to the right of the attitude indication on the primary flight 
display. 
The display will indicate Airspeed or TAS but the face of the instrument will not be 
marked. 



The Marker signal shall flash at fixed rates but not synchronized with the keying of 
the transmitter. For the pilot it is important that the transmitter is received but the 
synchronisation of the flashing does not provide further information. 



Instead of using a rotating pointer with a fixed dial or counter type indication the 
gauge can be defined as a horizontal or vertical bar with graduations with a pointer 
motion to the up or right indicating an increase of the value.  



To avoid overloading of the display short abbreviations associated with the presented 
value shall be used.  



EASA: Using a pixel oriented graphic provides more freedom to display values by 
combining trend indicators with numbers. Further the need to use common 
abbreviations is necessary. EASA agrees to those deviations allowing introducing a 
modern instrument presentation already established in many EFIS applications. Due 
to the unique presentation of e.g. Altitude bar, the need to label the instrument 
representation is no longer applicable.  
It is important that the kind of information displayed can be identified without any 
doubt. Using display technology it is not necessary to mark the equipment itself as the 
relationship between marking and the display contend would not be obvious. 
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It is important that the marker signal can be identified by flashing. It is not necessary 
to be synchronized with the keying but flashing at a fixed rate to indicate the received 
signal. 



The pixel or vector graphic allows generating instrument styles different from a circle. 
Those kinds of instruments can be seen as meeting the intend of the original 
requirement.  



The introduction of short abbreviations is acceptable.  



Annex 4 Automatic pilots  



4.1 Limitations  



ETSO-C9c#2, ETSO-C52b#1 



Industry: Deviate from AS-402B paragraph 4.4.1 to limit autopilot engagement to 
attitudes considered safe for the certified aircraft.  Use Autopilot limitations that limit 
pitch and roll engagement to more conservative limits. 



EASA: EASA considers that an autopilot pitch and roll engagement limitation which 
is more conservative than the attitudes considered safe for the certified aircraft meets 
the intend of the requirement to limit the autopilot engagement to attitudes considered 
safe for the certified aircraft. It can be debated if a deviation is needed at all but we 
accept the deviation as it provides more clarification.  



4.2 Servo Effort Indication  



ETSO-C9c#3 



Industry: Deviate from AS402B paragraph 4.3.2 to not provide servo effort 
indications when the automatic pilot is not engaged. ELOS is provided by design 
which does not allow servo effort when the autopilot is not engaged and, therefore, 
this indication is unnecessary. 



EASA accepts not presenting signals representative for the servo signals in case the 
autopilot is not engaged. In case the autopilot is not engaged this kind of signal is of 
limited use as it does not reflect the aircraft status but could only be used by pilots to 
receive help for the magnitude of their interaction to be able to act as if being the 
actuator.  



Annex 5 GPS navigation  



ETSO-C129a#1  
Deviate from ETSO-C129a (ED-72A 3.2.2.1f(3) and 3.2.2.4j(4)) to eliminate the 
annunciation for pending CDI scale change 3.0 NM from the FAF.   



Industry: This is provides a reduction in pilot workload during critical phases of 
flight. 
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EASA agrees that the CDI scale change is done automatically while approaching the 
final approach fix (FAF). This reduces work load and suits the need of higher position 
accuracy during approach. 



ETSO-C129a#2: Deviate from ETSO-C129a (ED-72A 3.2.2..1f(4), 3.2.2.3e(4), and 
3.2.2.4j(2)) to eliminate the requirement to “alert the pilot of the need to manually 
insert the barometric pressure.   



Industry: ELOS is provided by the unit calibrating pressure altitude whenever RAIM 
is available en route. 



EASA: With the high number of available satellites the RAIM function is available 
during most times. Consequently the GPS height may be used to calibrate the pressure 
altitude instead of entering the calibration parameter manually. Following this 
principle barometric altitude can be used to determine sudden GPS inconsistencies 
without manual intervention.  



ETSO-C129a#3: Deviate from ETSO-C129a (ED-72A 3.2.2.4j(8)) to modify the 
requirement to allow the approach mode to be deselected by performing a direct-to 
action on the unit.   



Industry: ELOS is provided by a two step operation that is consistent with the 
operational philosophies applied to the box in other areas.  Consistent operation 
throughout the operation minimizes pilot error. 



EASA accepts to have a two step operation to enter a Direct To command. To abort 
the Approach mode on an exceptional basis to allow applying a consistent user 
interface. 
ETSO-C129a#4 Deviate from ETSO-C129a (ED-72A 3.2.2.3d(2)) to eliminate the 
requirement to provide a “means to manually identify a satellite that is expected to be 
unavailable at the destination” for the RAIM prediction process. 



Industry: ELOS is provided by eliminating pilot input error, low probability of 
satellite unavailability and the full satellite constellation with spares. Regardless of the 
destination RAIM prediction, RAIM availability status is correctly provided to the 
pilot upon arrival. 



EASA: Having a high number of satellites available the manual deselecting of 
satellites for the RAIM process is of limited use. In case that RAIM fails it can be 
assumed that the airport could be approached using a different procedure not related 
to GPS. 
ETSO-C129a#5: Deviate from ETSO-C129a to change the requirement in ED-72A 
paragraph 4.16.2 to match the WAAS TSO-C145a and DO-229 requirements for 
Power input testing.  



Industry: The GPS WAAS ETSO C145 and DO-229a allows a system reset followed 
by satellite acquisition time of 5 minutes for abnormal operating conditions power 
input tests. 
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EASA: It is accepted that the recovery time from a full system reset after abnormal 
power operating conditions is greater than 10 seconds and are harmonized with 
ETSO-C146 to five minutes. 



Annex 6 GPS augmented by WAAS  



ETSO-C146#3: Deviate from ETSO-C146 to modify the requirement 2.2.1.4.9.c in 
RTCA/DO-229C which states, "BRG to or from a VOR: The bearing is based on the 
true-to-magnetic conversion at the waypoint location, using the same magnetic 
conversion as used to define the path”.  
Industry: This conversion is based upon the present aircraft location instead, which is 
how other waypoint’s magnetic variation is computed. 



EASA agrees that it is important to handle True respective Magnetic Heading in a 
consistent manner in one system. 



ETSO-C146#4: Deviate from ETSO-C146 to eliminate the requirement 2.2.4.2.3 in 
RTCA/DO-229C which states, "If the aircraft is past the FPAP - (length offset), and 
the pilot has not already activated the missed approach, the receiver shall 
automatically transition to missed approach guidance.” 



Industry:  This requirement is not implemented since it is being eliminated in DO-
229D. 



EASA agrees that automatic leg sequencing to the missed approach leg is not 
required. The additional pilot work load may be compensated by the fact that a clear 
action increases the awareness for the specific situation. 
ETSO-C146#5: Deviate from ETSO-C146 to modify the requirements 2.2.4.6.4 and 
2.2.5.6.4 in RTCA/DO-229C, pertaining to the low altitude alerting function.  



Industry: The TERRAIN or TAWS capabilities of the aircraft shall be used to avoid 
CFIT when TERRAIN or TAWS are enabled and not in one of the following states: 
FAIL, N/A, TEST, or INHIBIT.  The low altitude alert described in DO-229C 
2.2.4.6.4 and 2.2.5.6.4 shall be used when neither TERRAIN nor TAWS is enabled, 
or when one is enabled but the current state is FAIL, N/A, TEST, or INHIBIT. 



EASA agrees to harmonise the low altitude alert function with the TAWS function to 
have a clear indication of the alarm source. 



ETSO-C146#6: Deviate from ETSO-C146 to modify the requirement 2.2.1.1.6 in 
RTCA/DO-229C states: "If a function is implemented as a discrete action, the 
equipment shall use the labels or messages in the Table".  The table (TABLE 2-5 
LABELS AND MESSAGES), states that the function “Indication that there is a 
message” shall be labeled as “MSG” or “M”.   



Industry: The terms “ADVISORY” and “ALERTS” in addition to “MSG” may be 
used depending upon the installation.  The system provides full aircraft alerting in its 
installations.  Per OEM request, some installations use the nomenclature 
“ADVISORY” and “ALERTS” to encompass message advisories. 
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EASA agrees to use the naming convention of the airframe manufacturer for message 
classifications. 















EASA CS-ETSO Deviation Consultation ETSO.DevP.02 
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[consultation period closed 02/04/2007] 




 




DEVIATION 
COMMENTED COMMENT / PROPOSAL 




AUTHOR OF 
THE 




COMMENT 




DATE OF 
COMMENT 




 
PCM RESPONSE 




 




General The deviations all appear logical and therefore are supported. The 
enormous number of deviations requested provide good evidence that 
CS-ETSO needs a thorough review and updating. Maybe this could be 
tackled by a simple statement in the foreword to say (something like):  
the latest minimum performance standard should be used (depending 
upon date of ETSO authorisation application) for each ETSO unless 




otherwise stated. 




CAA UK 12.03.2007 Noted 
We do have a problem in 




incorporating such an open 
reference into a Minimum 




Requirement Standard as it would 
create doubt what is the required 




standard.  
We hand in the comment to our 




Rulemaking Directorate for further 
consideration.  
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Deviations requests for an ETSO approval for CS-ETSO 
Applicable to G1000 Avionic System by Garmin 





Consultation Paper 





Introductory note 
The hereby presented Deviations requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 





“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted to 
the panel of experts and be subject to a public consultation of at least 3 weeks, except 
if they have been previously agreed and published in the Official Publication of the 
Agency. The final decision shall be published in the Official Publication of the 
Agency.” 





Identification of issue 





Garmin submits to EASA several deviation requests against CS-ETSO for their 
integrated G1000 avionic suite with intelligent displays. The applicant has received 
already the related FAA TSO approval including the acceptance of the following 
deviations. Many of theses deviations have been already accepted in Europe during 
previous certifications e.g. under JTSO umbrella.  





The deviations apply mainly to the integrated multi function control and display 
elements. The main ETSO for this kind of unit is ETSO-C113. As the unit displays 
several instruments and has additional functionality e.g. Flight Management System, 
several further ETSOs are applicable as well. 





Deviations requests 





The deviations requested can be summarized as follows: 





1. use of updated requirement standards. 





2. use of newer environmental standard. 





3. adapt the instrument viewing angle requirement to LCD pixel graphic 
technology. 





4. autopilot commands limitation and engagement annunciation 





5. adaptations related to supplemental GPS receivers 





6. adaptations for the WAAS receivers 





The details of these deviations are described below. The deviations are sorted by 
ETSO number. The detailed discussion will follow in annexes to allow the discussion 
of the same technical content at one place. Only specific deviations will be discussed 
in this section. 





                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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(1) Deviation  ETSO-C2d#1 – Airspeed Instruments  
Deviate from ETSO-C2d 3.1.1 to use SAE AS 8019A instead of SAE AS 8019 as the 
Minimum Performance Standard.   
See Appendix 1. 





(2) Deviation  ETSO-C2d#2 – Airspeed Instruments 
Deviate from ETSO-C2d to eliminate the requirement 3.2.3 in SAE AS 8019A that 
requires "the instrument face to be marked with 'Airspeed' or 'IAS' and also with the 
applicable units of measure."   
 
See Appendix 3.2. 





(3) Deviation ETSO-C2d#3 – Airspeed Instruments 





Deviate from ETSO-C2d to modify the requirement 3.2.5 in SAE AS 8019A that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 





See Annex 3.1. 





(4) Deviation ETSO-C3d#1 – Turn and Slip Instruments 
Deviate from ETSO-C3d to modify the requirement 3.7 in SAE AS 8004 that requires 
"The indicating means to be visible from all points on a surface defined as making an 
angle of 30 degrees with the perpendicular." The viewing envelope is defined (per 
ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal 
directions, 45 degrees in the up vertical direction, and 10 degrees in the down vertical 
direction. 





See Annex 3.1. 





(5) Deviation ETSO-C4c#1 – Bank and Pitch Instruments 
Deviate from ETSO-C4c 3.1.1 to use SAE AS 8001 instead of SAE AS 396B for 
Minimum Performance Standards and Environmental Standards. 





See Annex 1. 





(6) Deviation ETSO-C4c#2 – Bank and Pitch Instruments 
Deviate from ETSO-C4c 3.1.2 and SAE Aerospace Standard AS 8001 to use RTCA 
DO-160D instead of RTCA DO-138 as the standard for Environmental Conditions 
and Test Procedures for Airborne Equipment.   





See Annex 2. 





(7) Deviation ETSO-C4c#3 – Bank and Pitch Instruments 
Industry: Neither ETSO-C4c nor SAE Aerospace Standard AS 8001 specifies use of 
a standard for software development; RTCA DO-178B shall be used as the standard 
for Software Considerations in Airborne Systems and Equipment Certification. 
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EASA: EASA promotes to use the EUROCAE ED-12B/RTCA DO-178B software 
development process even though not required by the specific ETSO. Historically it 
had not been assumed to realise such a function by software.  





(8) Deviation ETSO-C6d#1 – Direction Instrument, Magnetic 
(Gyroscopically Stabilized) 





Deviate from ETSO-C6d 3.1.1 to use SAE AS 8013A instead of SAE AS 8013 as the 
Minimum Performance Standard. 





See Annex 1.  





(9) Deviation ETSO-C6d#2 – Direction Instrument, Magnetic 
(Gyroscopically Stabilized) 





Deviate from ETSO-C6d to modify the requirement 3.10.2 in SAE AS 8013A that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular." The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction .  





See Annex 3.1. 





(10) Deviation ETSO-C8d#1 – Vertical Velocity Instrument (Rate-of-Climb) 
Deviate from ETSO-C8d 3.1.1 to use SAE AS 8016A instead of SAE AS 8016 as the 
Minimum Performance Standard. 





See Annex 1. 





(11) Deviation ETSO-C8d#2– Vertical Velocity Instrument (Rate-of-Climb) 
Deviate from ETSO-C8d to modify the requirement 3.2.4 in SAE AS 8016A that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 





See Annex 3.1. 





(12) Deviation ETSO-C9c#1 – Automatic Pilots 
Deviate from ETSO-C9c 3.1.1 to use SAE AS-402B instead of AS-402A.  





See Annex 1. 





(13) Deviation ETSO-C9c#2 – Automatic Pilots 
Deviate from AS-402B paragraph 4.4.1 to limit autopilot engagement to attitudes 
considered safe for the certified aircraft.  Use Autopilot limitations that limit pitch and 
roll engagement to more conservative limits. 





See Annex 4.1. 
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(14) Deviation ETSO-C9c#3 – Automatic Pilots 
Deviate from AS402B paragraph 4.3.2 to not provide servo effort indications when 
the automatic pilot is not engaged. 





See Annex 4.2. 





(15) Deviation ETSO-C9c#4 – Automatic Pilots 
Deviate from ETSO-C9c 3.1.2 to use DO-160D instead SAE AS 402A for specified 
environmental tests.  





See Annex 2. 





(16) Deviation ETSO-C10b#1 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 





Deviate from ETSO-C10b 3.1.1 to use SAE AS 8009A instead of SAE AS 392C as 
the Minimum Performance Standard. 





See Annex 1. 





(17) Deviation ETSO-C10b#2 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 





Deviate from ETSO-C10b to modify the requirement 3.7 in SAE AS 8009A that 
requires "Pointers and dial markings shall be visible from any point within the 
frustrum of a cone; the side of which makes an angle of 30 degrees with the 
perpendicular to the dial and the small diameter of which is the aperture the 
instrument case."  The viewing envelope is defined (per ETSO-C113 and SAE 
AS8034 Section 4.2) as 45 degrees in both horizontal directions, 45 degrees in the up 
vertical direction, and 10 degrees in the down vertical direction.  





See Annex 3.1. 





(18) Deviation ETSO-C10b#3 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 





Deviate from SAE AS 8009A Section 3.11 to not display ALTITUDE or ALT next to 
the tape indicating altitude.  





See Annex 3.2. 





(19) Deviation ETSO-C10b#4 – Aircraft Altimeter, Pressure Actuated, 
Sensitive Type 





Deviate from ETSO-C10b 3.1.2 to use RTCA DO-160D instead of SAE AS 8009A as 
the standard for Environmental Conditions and Test Procedures for Airborne 
Equipment.  





See Annex 2. 





(20) Deviation ETSO-2C35d#1 – Radar Marker Receiving Equipment 
Deviate from ETSO-2C35d which calls out EUROCAE 1/WG7 Section 3.16 to allow 
the visual indication of the Standard Test Signal to not flash synchronized with the 
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keying, but to flash at the following fixed rates while keyed: Outer 1.33 Hz, Middle 3 
Hz, Inner 4 Hz. 





See Annex 3.2. 





(21) Deviation ETSO-C43c#1 – Temperature Instruments 
Deviate from ETSO-C43c 3.1.1 to use SAE AS 8005A instead of SAE AS 8005 as 
the Minimum Performance Standard. 





See Annex 1. 





(22) Deviation ETSO-C44b#1 – Fuel Flowmeters 
Deviate from ETSO-C44b 3.1.1 to use SAE AS 407C instead of SAE AS 407B to 
demonstrate compliance for Fuel Flowmeters. 





See Annex 1. 





(23) Deviation ETSO- C44b#2 – Fuel Flowmeters 
Deviate from ETSO-C44b 3.1.2 to use RTCA DO-160D instead of SAE AS 407B as 
the standard for Environmental Conditions and Test Procedures for Airborne 
Equipment. 





See Annex 2. 





(24) Deviation ETSO- C44b#3 – Fuel Flowmeters 
Deviate from ETSO-C44b to modify the requirement 4.2.5 in SAE AS 407C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction.  





See Annex 3.1. 





(25) Deviation ETSO- C44b#4 – Fuel Flowmeters 
Deviate from ETSO-C44b to modify the requirement 4.1.1 in SAE AS 407C that 
requires "Type I Instruments:  Rotating pointer with fixed graduated dial or counter 
type indication.  Clockwise pointer motion shall indicate increasing rate of flow."  
The gauge is defined as a horizontal or vertical bar with fixed graduations, with a 
pointer motion to the right or up indicating an increase rate of flow.  





See Annex 3.2. 





(26) Deviation ETSO-C45a#1 – Manifold Pressure Instruments 
Deviate from ETSO-C45a 3.1.1 to use SAE AS 8042 instead of SAE AS 411 for 
Minimum Performance Standards. 





See Annex 1. 
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(27) Deviation ETSO-C45a#2 – Manifold Pressure Instruments 
Deviate from ETSO-C45a to use RTCA DO-160D instead of SAE AS 411 as the 
standard for Environmental Conditions and Test Procedures for Airborne Equipment. 





See Annex 2. 





(28) Deviation ETSO-C45a#3 – Manifold Pressure Instruments 
Deviate from ETSO-C45a SAE 8042 3.10.5 to use MAN as abbreviation instead of 
MANIFOLD PRESSURE or MANIF PRESS.  





See Annex 3.2. 





(29) Deviation ETSO-C45a#4 – Manifold Pressure Instruments 
Deviate from ETSO-C45a to modify the requirement 3.10.9 in SAE AS 8042 that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular." The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 





See Annex 3.1. 





(30) Deviation ETSO-C47#1 – Pressure Instruments – Fuel, Oil and Hydraulic 
(Reciprocating Engine Powered Aircraft) 





Deviate from ETSO-C47 3.1.1 to use SAE AS 408C instead of SAE AS 408A for 
Minimum Performance Standards and Environmental Standards. 





See Annex 1. 





(31) Deviation ETSO-C47#2 – Pressure Instruments – Fuel, Oil and Hydraulic 
(Reciprocating Engine Powered Aircraft) 





Deviate from ETSO-C47 to modify the requirement 4.1.5 in SAE AS 408C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 





See Annex 3.1. 





(32) Deviation ETSO-C47#3 – Pressure Instruments – Fuel, Oil and Hydraulic 
(Reciprocating Engine Powered Aircraft) 





Deviate from ETSO-C47 3.1.2 to use RTCA DO-160D instead of AS 408C as the 
standard for Environmental Standards. 





See Annex 2. 
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(33) Deviation ETSO-C49b#1 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 





Deviate from ETSO-C49b 3.1.1 to use SAE AS 404C instead of SAE AS 404B for 
Minimum Performance Standards and Environmental Standards. 





See Annex 1. 





(34) Deviation ETSO-C49b#2 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 





Deviate from ETSO-C49b to modify the requirement 4.1.2 in SAE AS 404C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 





See Annex 3.1. 





(35) Deviation ETSO-C49b#3 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 





Deviate from ETSO-C49b, SAE AS 404C requirement 4.1.3.2 second sentence which 
states, “The increment between graduations shall not exceed 2-1/2% of full scale, 
above 600 RPM.”  The tachometer gauge which incorporate a full time digital 
readout, multiple graduations on the dial are not needed in order for the correct 
reading to be obtained.  The resolution of the digital readout will be 10 RPM which is 
less than 2-1/2% of full scale.  A pointer with clockwise motion for increasing RPM, 
is provided. 





See Annex 3.2. 





(36) Deviation ETSO-C49b#4 – Electric Tachometer: Magnetic Drag 
(Indicator and Generator) 





Deviate from ETSO-C49b 3.1.2 to use DO-160D instead of SAE AS 404B as the 
Environmental Standard. 





See Annex 2. 





(37) Deviation ETSO-C52b#1 – Flight Directors 
Deviate from AS-8008 paragraph 3.6 to limit flight director operation to attitudes 
considered safe for the certified aircraft. The Autopilot limits pitch and roll 
engagement to more conservative limits. 





See Annex 4.1. 





(38) Deviation ETSO-C55#1 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 





Deviate from ETSO-C55 3.1.1 to use SAE AS 405C instead of SAE AS 405B to 
demonstrate compliance for Fuel and Oil Quantity Instruments.  





See Annex 1. 
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(39) Deviation ETSO-C55#2 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 





Deviate from ETSO-C55 to modify the requirement 4.2.5 in SAE AS 405C that 
requires "The indicating means to be visible from all points on a surface defined as 
making an angle of 30 degrees with the perpendicular."  The viewing envelope is 
defined (per ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both 
horizontal directions, 45 degrees in the up vertical direction, and 10 degrees in the 
down vertical direction. 





See Annex 3.1. 





(40) Deviation ETSO-C55#3 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 





Deviate from ETSO-C55 to modify the requirement 4.2.4 in SAE AS 405C to allow 
"FUEL QTY" to be used to abbreviate "Fuel Quantity". 





See Annex 3.2. 





(41) Deviation ETSO-C55#4 – Fuel and Oil Quantity Instruments 
(Reciprocating Engine Aircraft) 





Deviate from ETSO-C55 3.1.2 to use DO-160D instead of SAE AS 405B as the 
Environmental Standard.  





See Annex 2. 





(42) Deviation ETSO-C118#1 – Traffic Alert and Collision Avoidance System 
(TCAS) Airborne Equipment, TCAS I 





Deviate from ETSO-C118 3.1.1 to use RTCA DO-197A instead of RTCA DO-197 as 
the Minimum Performance Standard. 





See Annex 1. 





(43) Deviation ETSO-C129a#1 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 





Deviate from ETSO-C129a (ED-72A 3.2.2.1f(3) and 3.2.2.4j(4)) to eliminate the 
annunciation for pending CDI scale change 3.0 NM from the FAF. 





See Annex 5. 





(44) Deviation ETSO-C129a#2 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 





Deviate from ETSO-C129a (ED-72A 3.2.2..1f(4), 3.2.2.3e(4), and 3.2.2.4j(2)) to 
eliminate the requirement to “alert the pilot of the need to manually insert the 
barometric pressure.  ELOS is provided by the unit calibrating pressure altitude 
whenever RAIM is available en route. 





See Annex 5. 
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(45) Deviation ETSO-C129a#3 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 





Deviate from ETSO-C129a (ED-72A 3.2.2.4j(8)) to modify the requirement to allow 
the approach mode to be deselected by performing a direct-to action on the unit.  
ELOS is provided by a two step operation that is consistent with the operational 
philosophies applied to the box in other areas.  Consistent operation throughout the 
operation minimizes pilot error. 





See Annex 5. 





(46) Deviation ETSO-C129a#4 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 





Deviate from ETSO-C129a (ED-72A 3.2.2.3d(2)) to eliminate the requirement to 
provide a “means to manually identify a satellite that is expected to be unavailable at 
the destination” for the RAIM prediction process.  ELOS is provided by eliminating 
pilot input error, low probability of satellite unavailability and the full satellite 
constellation with spares. Regardless of the destination RAIM availability status is 
correctly provided to the pilot upon arrival. 





See Annex 5. 





(47) Deviation ETSO-C129a#5 – Airborne Supplemental Navigation 
Equipment Using Global Positioning System (GPS) 





Deviate from ETSO-C129a to change the requirement in ED-72A paragraph 4.16.2 to 
match the WAAS TSO-C145a and DO-229 requirements for Power input testing.  
ETSO C145 and DO-229a allow a system reset followed by satellite acquisition time 
of 5 minutes for abnormal operating conditions power input tests. 





See Annex 5. 





(48) Deviation ETSO-C146#1 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 





Deviate from ETSO-C146 to use RTCA DO-229C instead of RTCA DO-229B. 





See Annex 1.  





(49) Deviation ETSO-C146#2 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 





Deviate from ETSO-C146 to modify the requirement 2.2.1.1.4.3 in RTCA/DO-229C 
which states, "They [all displays] shall be fully readable up to a vertical viewing angle 
of 20 degrees from normal to the face of the display screen."  This deviation uses a 10 
degree vertical viewing angle below the lower display edge.  DO-229C makes no 
distinction between upper and lower display edges for the requirement of a 20 degree 
vertical viewing angle. 





See Annex 3.1. 
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(50) Deviation ETSO-C146#3 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 





Deviate from ETSO-C146 to modify the requirement 2.2.1.4.9.c in RTCA/DO-229C 
which states, "BRG to or from a VOR: The bearing is based on the true-to-magnetic 
conversion at the waypoint location, using the same magnetic conversion as used to 
define the path.” This conversion is based upon the present aircraft location instead, 
which is how other waypoint’s magnetic variation is computed. 





See Annex 6.  





(51) Deviation ETSO-C146#4 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 





Deviate from ETSO-C146 to eliminate the requirement 2.2.4.2.3 in RTCA/DO-229C 
which states, "If the aircraft is past the FPAP - (length offset), and the pilot has not 
already activated the missed approach, the receiver shall automatically transition to 
missed approach guidance.” 





See Annex 6.  





(52) Deviation ETSO-C146#5 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 





Deviate from ETSO-C146 to modify the requirements 2.2.4.6.4 and 2.2.5.6.4 in 
RTCA/DO-229C, pertaining to the low altitude alerting function. The TAWS 
capabilities of the aircraft shall be used. 





See Annex 6.  





(53) Deviation ETSO-C146#6 –Stand-Alone Airborne Navigation Equipment 
using the Global Positioning System (GPS) Augmented by the Wide Area 
Augmentation System (WAAS) 





Deviate from ETSO-C146 to modify the requirement 2.2.1.1.6 in RTCA/DO-229C 
states: "If a function is implemented as a discrete action, the equipment shall use the 
labels or messages in the Table".  The table (TABLE 2-5 LABELS AND 
MESSAGES), states that the function “Indication that there is a message” shall be 
labeled as “MSG” or “M”.  Instead the terms “ADVISORY” and “ALERTS” in 
addition to “MSG” may be used depending upon the installation. 





See Annex 6.  
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Annex 1 Use of updated standards 





ETSO-C2d#1: Use SAE AS 8019A instead of AS 8019. 
ETSO-C4c#1: Use SAE AS 8001 instead of AS 396B. 
ETSO-C6d#1: Use SAE AS 8013A instead of SAE AS 8013 
ETSO-C8d#1: Use SAE AS 8016A instead of AS 8016 
ETSO-C9c#1: Use SAE AS-402B instead of AS-402A 
ETSO-C10b#1: Use SAE AS 8009A instead of AS 392C 
ETSO-C43c#1: Use SAE AS 8005A instead of AS 8005 
ETSO-C44b#1: Use SAE AS 407C instead of AS 407B 
ETSO-C45a#1: Use SAE AS 8042 instead of AS 411 
ETSO-C47#1: Use SAE AS 408C instead of AS 408A 
ETSO-C49b#1: Use SAE AS 404C instead of AS 404B 
ETSO-C55#1: Use SAE AS 405C instead of AS 405B 
ETSO-C118#1: Use RTCA DO-197A instead of DO-197 
ETSO-C146#1: Use RTCA DO-229C instead of DO-229B 





Industry Position: ELOS (Equivalent Level of Safety) is provided by use of later 
revision of the requirement document. 





EASA: Often there is an update to a standard available but the reference in the ETSO 
has not been changed. Especially many SAE documents have been reaffirmed and 
been reissued without technical modification. In other cases the updated documents 
provide more precise information to avoid misinterpretation. It is planed to update the 
ETSOs in the frame of the long term rulemaking program to the most accurate 
version.  





Annex 2 Use of environmental standard 





ETSO-C4c#2, ETSO-C9c#4, ETSO-C10b#4, ETSO- C44b#2, ETSO-C45a#2, ETSO-
C47#3, ETSO-C49b#4, ETSO-C55#4,  





Industry: ELOS is provided by use of later revision requirement document. RTCA 
DO-160D is the successor document for RTCA DO-138.  





EASA: For the environmental standard in general CS-ETSO request the use of 
EUROCAE ED-14D / RTCA DO-160D change 3. For some ETSOs specific 
environmental requirements apply especially to reflect specifics of the sensor. In this 
case only the display and the associated computer are affected and consequently one 
common set of requirements should be used reflecting the assumed installation 
environment in the cockpit. There is no need having specific requirements for the 
displaying of one instrument. 





Annex 3 Use of LCD Technology 





3.1 Viewing Angle  





ETSO-C2d#3, ETSO-C3d#1, ETSO-C6d#2, ETSO-C8d#2, ETSO-C10b#2, ETSO-
C44b#3, ETSO-C45a#4, ETSO-C47#2, ETSO-C49b#2, ETSO-C55#2, ETSO-
C146#2  
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The viewing angle definition is not unique in the several applicable ETSOs but all 
instruments are displayed on one screen. 





Industry: ELOS is provided by defining  the viewing envelope (in accordance with 
ETSO-C113 and SAE AS8034 Section 4.2) as 45 degrees in both horizontal 
directions, 45 degrees in the up vertical direction, and 10 degrees in the down vertical 
direction.  The 45 degree down vertical viewing requirement is not practical or needed 
for panel mount displays.  This requested envelope is consistent with TFT LCD 
display technology.  





EASA: The viewing angle for the LCD display should be defined by ETSO-C113. It 
is not required to provide a circular view as a 45 degree vertical down view is not 
needed for the typical installation place in front of the pilot. The limitations are 
provided to the installer and consequently could be taken into consideration during 
installation. One consistent requirement shall apply for the unit. 





3.2 Pixel Graphic  





ETSO-C2d#2, ETSO-C10b#3, ETSO-2C35d#1, ETSO-C44b#4, ETSO-C45a#3, 
ETSO-C49b#3, ETSO-C55#3 





Industry: The system, as do many other Electronic Flight Instrumentation Systems 
(EFIS), presents a scrolling altitude tape with digital readout in a standardized format 
and location that does not need the specific label of ALTITUDE or ALT.  The altitude 
tape is presented directly to the right of the attitude indication on the primary flight 
display. 
The display will indicate Airspeed or TAS but the face of the instrument will not be 
marked. 





The Marker signal shall flash at fixed rates but not synchronized with the keying of 
the transmitter. For the pilot it is important that the transmitter is received but the 
synchronisation of the flashing does not provide further information. 





Instead of using a rotating pointer with a fixed dial or counter type indication the 
gauge can be defined as a horizontal or vertical bar with graduations with a pointer 
motion to the up or right indicating an increase of the value.  





To avoid overloading of the display short abbreviations associated with the presented 
value shall be used.  





EASA: Using a pixel oriented graphic provides more freedom to display values by 
combining trend indicators with numbers. Further the need to use common 
abbreviations is necessary. EASA agrees to those deviations allowing introducing a 
modern instrument presentation already established in many EFIS applications. Due 
to the unique presentation of e.g. Altitude bar, the need to label the instrument 
representation is no longer applicable.  
It is important that the kind of information displayed can be identified without any 
doubt. Using display technology it is not necessary to mark the equipment itself as the 
relationship between marking and the display contend would not be obvious. 



















ETSO.DevP.02  13/16 





It is important that the marker signal can be identified by flashing. It is not necessary 
to be synchronized with the keying but flashing at a fixed rate to indicate the received 
signal. 





The pixel or vector graphic allows generating instrument styles different from a circle. 
Those kinds of instruments can be seen as meeting the intend of the original 
requirement.  





The introduction of short abbreviations is acceptable.  





Annex 4 Automatic pilots  





4.1 Limitations  





ETSO-C9c#2, ETSO-C52b#1 





Industry: Deviate from AS-402B paragraph 4.4.1 to limit autopilot engagement to 
attitudes considered safe for the certified aircraft.  Use Autopilot limitations that limit 
pitch and roll engagement to more conservative limits. 





EASA: EASA considers that an autopilot pitch and roll engagement limitation which 
is more conservative than the attitudes considered safe for the certified aircraft meets 
the intend of the requirement to limit the autopilot engagement to attitudes considered 
safe for the certified aircraft. It can be debated if a deviation is needed at all but we 
accept the deviation as it provides more clarification.  





4.2 Servo Effort Indication  





ETSO-C9c#3 





Industry: Deviate from AS402B paragraph 4.3.2 to not provide servo effort 
indications when the automatic pilot is not engaged. ELOS is provided by design 
which does not allow servo effort when the autopilot is not engaged and, therefore, 
this indication is unnecessary. 





EASA accepts not presenting signals representative for the servo signals in case the 
autopilot is not engaged. In case the autopilot is not engaged this kind of signal is of 
limited use as it does not reflect the aircraft status but could only be used by pilots to 
receive help for the magnitude of their interaction to be able to act as if being the 
actuator.  





Annex 5 GPS navigation  





ETSO-C129a#1  
Deviate from ETSO-C129a (ED-72A 3.2.2.1f(3) and 3.2.2.4j(4)) to eliminate the 
annunciation for pending CDI scale change 3.0 NM from the FAF.   





Industry: This is provides a reduction in pilot workload during critical phases of 
flight. 



















ETSO.DevP.02  14/16 





EASA agrees that the CDI scale change is done automatically while approaching the 
final approach fix (FAF). This reduces work load and suits the need of higher position 
accuracy during approach. 





ETSO-C129a#2: Deviate from ETSO-C129a (ED-72A 3.2.2..1f(4), 3.2.2.3e(4), and 
3.2.2.4j(2)) to eliminate the requirement to “alert the pilot of the need to manually 
insert the barometric pressure.   





Industry: ELOS is provided by the unit calibrating pressure altitude whenever RAIM 
is available en route. 





EASA: With the high number of available satellites the RAIM function is available 
during most times. Consequently the GPS height may be used to calibrate the pressure 
altitude instead of entering the calibration parameter manually. Following this 
principle barometric altitude can be used to determine sudden GPS inconsistencies 
without manual intervention.  





ETSO-C129a#3: Deviate from ETSO-C129a (ED-72A 3.2.2.4j(8)) to modify the 
requirement to allow the approach mode to be deselected by performing a direct-to 
action on the unit.   





Industry: ELOS is provided by a two step operation that is consistent with the 
operational philosophies applied to the box in other areas.  Consistent operation 
throughout the operation minimizes pilot error. 





EASA accepts to have a two step operation to enter a Direct To command. To abort 
the Approach mode on an exceptional basis to allow applying a consistent user 
interface. 
ETSO-C129a#4 Deviate from ETSO-C129a (ED-72A 3.2.2.3d(2)) to eliminate the 
requirement to provide a “means to manually identify a satellite that is expected to be 
unavailable at the destination” for the RAIM prediction process. 





Industry: ELOS is provided by eliminating pilot input error, low probability of 
satellite unavailability and the full satellite constellation with spares. Regardless of the 
destination RAIM prediction, RAIM availability status is correctly provided to the 
pilot upon arrival. 





EASA: Having a high number of satellites available the manual deselecting of 
satellites for the RAIM process is of limited use. In case that RAIM fails it can be 
assumed that the airport could be approached using a different procedure not related 
to GPS. 
ETSO-C129a#5: Deviate from ETSO-C129a to change the requirement in ED-72A 
paragraph 4.16.2 to match the WAAS TSO-C145a and DO-229 requirements for 
Power input testing.  





Industry: The GPS WAAS ETSO C145 and DO-229a allows a system reset followed 
by satellite acquisition time of 5 minutes for abnormal operating conditions power 
input tests. 
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EASA: It is accepted that the recovery time from a full system reset after abnormal 
power operating conditions is greater than 10 seconds and are harmonized with 
ETSO-C146 to five minutes. 





Annex 6 GPS augmented by WAAS  





ETSO-C146#3: Deviate from ETSO-C146 to modify the requirement 2.2.1.4.9.c in 
RTCA/DO-229C which states, "BRG to or from a VOR: The bearing is based on the 
true-to-magnetic conversion at the waypoint location, using the same magnetic 
conversion as used to define the path”.  
Industry: This conversion is based upon the present aircraft location instead, which is 
how other waypoint’s magnetic variation is computed. 





EASA agrees that it is important to handle True respective Magnetic Heading in a 
consistent manner in one system. 





ETSO-C146#4: Deviate from ETSO-C146 to eliminate the requirement 2.2.4.2.3 in 
RTCA/DO-229C which states, "If the aircraft is past the FPAP - (length offset), and 
the pilot has not already activated the missed approach, the receiver shall 
automatically transition to missed approach guidance.” 





Industry:  This requirement is not implemented since it is being eliminated in DO-
229D. 





EASA agrees that automatic leg sequencing to the missed approach leg is not 
required. The additional pilot work load may be compensated by the fact that a clear 
action increases the awareness for the specific situation. 
ETSO-C146#5: Deviate from ETSO-C146 to modify the requirements 2.2.4.6.4 and 
2.2.5.6.4 in RTCA/DO-229C, pertaining to the low altitude alerting function.  





Industry: The TERRAIN or TAWS capabilities of the aircraft shall be used to avoid 
CFIT when TERRAIN or TAWS are enabled and not in one of the following states: 
FAIL, N/A, TEST, or INHIBIT.  The low altitude alert described in DO-229C 
2.2.4.6.4 and 2.2.5.6.4 shall be used when neither TERRAIN nor TAWS is enabled, 
or when one is enabled but the current state is FAIL, N/A, TEST, or INHIBIT. 





EASA agrees to harmonise the low altitude alert function with the TAWS function to 
have a clear indication of the alarm source. 





ETSO-C146#6: Deviate from ETSO-C146 to modify the requirement 2.2.1.1.6 in 
RTCA/DO-229C states: "If a function is implemented as a discrete action, the 
equipment shall use the labels or messages in the Table".  The table (TABLE 2-5 
LABELS AND MESSAGES), states that the function “Indication that there is a 
message” shall be labeled as “MSG” or “M”.   





Industry: The terms “ADVISORY” and “ALERTS” in addition to “MSG” may be 
used depending upon the installation.  The system provides full aircraft alerting in its 
installations.  Per OEM request, some installations use the nomenclature 
“ADVISORY” and “ALERTS” to encompass message advisories. 
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EASA agrees to use the naming convention of the airframe manufacturer for message 
classifications. 



















Deviations requests for an ETSO approval for CS-ETSO 
Applicable to Audio Systems 



Consultation Paper 



Introductory note 
The hereby presented Deviations requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted to 
the panel of experts and be subject to a public consultation of at least 3 weeks, except 
if they have been previously agreed and published in the Official Publication of the 
Agency. The final decision shall be published in the Official Publication of the 
Agency.” 



Identification of issue 



Sennheiser and Northern Airborne Technology submits to EASA several deviation 
requests against CS-ETSO for their audio equiment. The applicant has received or is 
seeking for the related FAA TSO approval including the acceptance of the following 
deviations. The FAA has recently published TSO-C139 superseding the previous 
TSO-C50c, -C57a, C58a in one TSO already requesting RTCA DO-214 and DO-
160E.  



As all deviations are related to the same technical standard mentioned in different 
ETSO they have been combined in one deviation publication. 



ETSO-C50c is addressing audio systems like amplifiers or selection panels 



ETSO-C57a addresses headsets and speakers while ETSO-C58a defines the 
requirements for microphones. 



Deviations requests 



(1) Deviation ETSO-C50c#1, - Audio Selector Panels and Amplifiers 
 Deviation ETSO-C57a#1 - Headsets and Speakers 
 Deviation ETSO-C58a#1 - Aircraft Microphones (Except Carbon) 



Deviate from § 3.1.1 to use RTCA DO-214  instead of EUROCAE ED-18/RTCA 
DO-170 as the Minimum Performance Standard.   
See Annex 1. 



(2) Deviation ETSO-C50c#2, - Audio Selector Panels and Amplifiers 
 Deviation ETSO-C57a#2 - Headsets and Speakers 
 Deviation ETSO-C58a#2 - Aircraft Microphones (Except Carbon) 



Deviate from § 3.1.2 to use EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/ 
DO160D change 3 as environmental test standard. 
See Annex 1. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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(3) Deviation ETSO-C57a#3 – Headsets and Speakers 
Deviate from RTCA DO-214 2.3.8.4 and apply the Cord Connector Flexibility test 
only for the connector to the aircraft. 



Industry: 



For easier inter changeability an additional connector has been introduced between 
cable and the headset itself or on a kind of box introduced somewhere in the cable e.g. 
to adjust the volume. Other than on the connector fixed in the panel only tensile force 
is applied. The connector fixed in the panel has to take bending force as well. As there 
is no bending force at all this specific test is not applicable. 



EASA: 



We accept the position of the applicant and will take this point on board to clarify the 
requirement in future revisions of the standard to be only applicable to cases when the 
connector counterpart is mounted in a fixed way. 



(4) Deviation ETSO-C50c#3 – Audio Selector Panels and Amplifiers 
Deviate from DO-214 2.8.2.7 Crosstalk 



In sub-paragraph 2.8.7.2.1 Input-to-Output Crosstalk and Bleed-Through Levels: Vref 
will be defined as the rated output level of the monitored output in lieu of the rated 
input. 



In sub-paragraph 2.8.2.7.2 Input-to-Input Crosstalk: Vref will be defined as the rated 
input level of the monitored input. 



Industry: 
RTCA DO-214 Section 2.8.2.7 Crosstalk: 
“In subparagraphs 2.8.2.7.1, 2.8.2.7.2 and 2.8.2.7.3 the leakage or crosstalk is 
expressed in decibels as dB = 20 log (Vcrosstalk/Vref). In subparagraphs 2.8.2.7.1 
and 2.8.2.7.3, Vref is defined as the rated input." 
 
The use of rated input as the reference results in inconsistency in the permitted levels 
of crosstalk on different outputs. The following examples illustrate this: 
 



(i) When a signal is applied to a microphone input with a rated input of 250 
mVrms the absolute voltage level of crosstalk permitted at an output per 
DO-214 section 2.4.7.1 is 55 dB below 250 mVrms, or 440 µVrms (for 
Class 1a or 1b equipment). On a typical headphones output (maximum 
rated output 6.0 Vrms) a signal level of 440 µVrms, when expressed in 
decibels, would be: 
 20 log (440 µV/ 6 V) = - 82.6 dB 
For a properly designed audio system a signal 80 dB below rated output 
level would not be audible, particularly in a noisy environment such as the 
cockpit of an aircraft in flight. 



 
(ii) Conversely for a high level radio input with a rated input of 7.75 Vrms the 



absolute voltage level of crosstalk permitted at an output per DO-214 
section 2.4.7.1 is 55 dB below 7.75 Vrms or 14 mVrms. On a typical 
interphone tieline output (maximum rated output 0.5 Vrms) a signal level 
of 14 mVrms, when expressed in decibels, would be 
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 20 log (14 mV/ 0.5 V) = - 31.2 dB 
For a properly designed audio system a signal 30 dB below rated will be 
audible during normal usage and would be unacceptable for most 
applications. 



 
(iii) Now consider the same interphone tieline output in example (ii) above, but 



instead of a high level radio input use the microphone input of example (i). 
The absolute voltage level of crosstalk permitted at an output is 55 dB 
below 250 mVrms, or 440 µVrms. On the interphone tieline output this 
equates to:  
 20 log (440 µV/ 0.5 V) = - 73.2 dB 
Since it is the operator who is listening to the output of the equipment, if 
the rated input level is used to derive Vref as is currently required by DO-
214, then the operator hears an inconsistent level of crosstalk isolation for 
different input channels (e.g. in examples (ii) and (iii), 31.2 dB for one 
channel, 73.2 dB for another channel).     



 
To solve this problem, a means of assuring consistent crosstalk isolation is to use the 
rated output level to derive Vref. 
 
To summarize, for subparagraph 2.8.2.7.1 Input to Output Crosstalk, Vref should be 
defined as the rated output level of the output being monitored. In all of the above 
examples, if Vref was defined as the rated output, the maximum acceptable crosstalk 
would be 55 dB below the rated output, which would not interfere with the 
intelligibility of audio on the system, and it is likely that it would not be audible to the 
user. More importantly, the crosstalk requirement will not vary depending on which 
input is used and a consistent level of safety will be assured. 
 
For subparagraph 2.8.2.7.2 Input to Input Crosstalk, Vref is not defined by DO-214. If 
the examples presented above are applied to two inputs of differing rated levels, a 
similar inconsistency occurs with Vref defined as the rated input of the input where 
the signal is applied. Therefore, the most suitable definition of Vref is the rated input 
level of the input being monitored for the crosstalk measurement. 
 
For example, if a receiver input having a 7.75 Vrms rated input level is supplied with 
an input signal, and a mic input having a 0.25 Vrms rated input level is measured, 
then the rated input level for the mic input should be used to derive Vref. This assures 
that the level of crosstalk onto the more sensitive mic input is low enough to prevent 
receiver audio from leaking excessively onto the mic circuit thereby assuring a greater 
level of safety. 



EASA agrees to the proposal and suggest updating the specification for general 
clarification. 
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Annex 1 Use of updated standards 
ETSO-C50c#1, ETSO-C57a#1, ETSO-C58a#1  
Use RTCA DO-214 instead of EUROCAE ED-18/RTCA DO-170. 
ETSO-C50c#21, ETSO-C57a#2, ETSO-C58a#2  
Use EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/ DO-160D change 3. 



Industry Position: ELOS (Equivalent Level of Safety) is provided by use of later 
revision of the requirement document. 



EASA: Often there is an update to a standard available but the reference in the ETSO 
has not been changed The updated documents provide more precise information to 
avoid misinterpretation. It is planed to update the ETSOs in the frame of the long term 
rulemaking program to the most accurate version.  
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DEVIATION 
COMMENTED COMMENT / PROPOSAL 




AUTHOR OF 
THE 




COMMENT 




DATE OF 
COMMENT 




 
PCM RESPONSE 




 




General The deviations are technically acceptable but again this deviation 
request highlights the fact that CS-ETSO needs a thorough review. This 
is yet again another example of where ETSOs lag behind FAA-TSOs. In 
addition the later standard of RTCA DO-214 superseding DO-170 is not 
reflected in the equivalent standards of EUROCAE. ED-18 still appears 
to be the current document for aircraft microphones, headsets etc 
(technically equivalent to DO-170). There appears to be no document 
superseding ED-18 like there is on the US RTCA side. 
 




CAA UK 23.03.2007 Noted 
EASA is not responsible for the 
work performed by EROCAE as 
EUROCAE is a standardisation 
body and dependent on industry 
initiative and participation. 
We hand in the comment to our 
Rulemaking Directorate for further 
consideration.  




 




















Deviations requests for an ETSO approval for CS-ETSO 
Applicable to Audio Systems 





Consultation Paper 





Introductory note 
The hereby presented Deviations requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 





“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted to 
the panel of experts and be subject to a public consultation of at least 3 weeks, except 
if they have been previously agreed and published in the Official Publication of the 
Agency. The final decision shall be published in the Official Publication of the 
Agency.” 





Identification of issue 





Sennheiser and Northern Airborne Technology submits to EASA several deviation 
requests against CS-ETSO for their audio equiment. The applicant has received or is 
seeking for the related FAA TSO approval including the acceptance of the following 
deviations. The FAA has recently published TSO-C139 superseding the previous 
TSO-C50c, -C57a, C58a in one TSO already requesting RTCA DO-214 and DO-
160E.  





As all deviations are related to the same technical standard mentioned in different 
ETSO they have been combined in one deviation publication. 





ETSO-C50c is addressing audio systems like amplifiers or selection panels 





ETSO-C57a addresses headsets and speakers while ETSO-C58a defines the 
requirements for microphones. 





Deviations requests 





(1) Deviation ETSO-C50c#1, - Audio Selector Panels and Amplifiers 
 Deviation ETSO-C57a#1 - Headsets and Speakers 
 Deviation ETSO-C58a#1 - Aircraft Microphones (Except Carbon) 





Deviate from § 3.1.1 to use RTCA DO-214  instead of EUROCAE ED-18/RTCA 
DO-170 as the Minimum Performance Standard.   
See Annex 1. 





(2) Deviation ETSO-C50c#2, - Audio Selector Panels and Amplifiers 
 Deviation ETSO-C57a#2 - Headsets and Speakers 
 Deviation ETSO-C58a#2 - Aircraft Microphones (Except Carbon) 





Deviate from § 3.1.2 to use EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/ 
DO160D change 3 as environmental test standard. 
See Annex 1. 





                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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(3) Deviation ETSO-C57a#3 – Headsets and Speakers 
Deviate from RTCA DO-214 2.3.8.4 and apply the Cord Connector Flexibility test 
only for the connector to the aircraft. 





Industry: 





For easier inter changeability an additional connector has been introduced between 
cable and the headset itself or on a kind of box introduced somewhere in the cable e.g. 
to adjust the volume. Other than on the connector fixed in the panel only tensile force 
is applied. The connector fixed in the panel has to take bending force as well. As there 
is no bending force at all this specific test is not applicable. 





EASA: 





We accept the position of the applicant and will take this point on board to clarify the 
requirement in future revisions of the standard to be only applicable to cases when the 
connector counterpart is mounted in a fixed way. 





(4) Deviation ETSO-C50c#3 – Audio Selector Panels and Amplifiers 
Deviate from DO-214 2.8.2.7 Crosstalk 





In sub-paragraph 2.8.7.2.1 Input-to-Output Crosstalk and Bleed-Through Levels: Vref 
will be defined as the rated output level of the monitored output in lieu of the rated 
input. 





In sub-paragraph 2.8.2.7.2 Input-to-Input Crosstalk: Vref will be defined as the rated 
input level of the monitored input. 





Industry: 
RTCA DO-214 Section 2.8.2.7 Crosstalk: 
“In subparagraphs 2.8.2.7.1, 2.8.2.7.2 and 2.8.2.7.3 the leakage or crosstalk is 
expressed in decibels as dB = 20 log (Vcrosstalk/Vref). In subparagraphs 2.8.2.7.1 
and 2.8.2.7.3, Vref is defined as the rated input." 
 
The use of rated input as the reference results in inconsistency in the permitted levels 
of crosstalk on different outputs. The following examples illustrate this: 
 





(i) When a signal is applied to a microphone input with a rated input of 250 
mVrms the absolute voltage level of crosstalk permitted at an output per 
DO-214 section 2.4.7.1 is 55 dB below 250 mVrms, or 440 µVrms (for 
Class 1a or 1b equipment). On a typical headphones output (maximum 
rated output 6.0 Vrms) a signal level of 440 µVrms, when expressed in 
decibels, would be: 
 20 log (440 µV/ 6 V) = - 82.6 dB 
For a properly designed audio system a signal 80 dB below rated output 
level would not be audible, particularly in a noisy environment such as the 
cockpit of an aircraft in flight. 





 
(ii) Conversely for a high level radio input with a rated input of 7.75 Vrms the 





absolute voltage level of crosstalk permitted at an output per DO-214 
section 2.4.7.1 is 55 dB below 7.75 Vrms or 14 mVrms. On a typical 
interphone tieline output (maximum rated output 0.5 Vrms) a signal level 
of 14 mVrms, when expressed in decibels, would be 
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 20 log (14 mV/ 0.5 V) = - 31.2 dB 
For a properly designed audio system a signal 30 dB below rated will be 
audible during normal usage and would be unacceptable for most 
applications. 





 
(iii) Now consider the same interphone tieline output in example (ii) above, but 





instead of a high level radio input use the microphone input of example (i). 
The absolute voltage level of crosstalk permitted at an output is 55 dB 
below 250 mVrms, or 440 µVrms. On the interphone tieline output this 
equates to:  
 20 log (440 µV/ 0.5 V) = - 73.2 dB 
Since it is the operator who is listening to the output of the equipment, if 
the rated input level is used to derive Vref as is currently required by DO-
214, then the operator hears an inconsistent level of crosstalk isolation for 
different input channels (e.g. in examples (ii) and (iii), 31.2 dB for one 
channel, 73.2 dB for another channel).     





 
To solve this problem, a means of assuring consistent crosstalk isolation is to use the 
rated output level to derive Vref. 
 
To summarize, for subparagraph 2.8.2.7.1 Input to Output Crosstalk, Vref should be 
defined as the rated output level of the output being monitored. In all of the above 
examples, if Vref was defined as the rated output, the maximum acceptable crosstalk 
would be 55 dB below the rated output, which would not interfere with the 
intelligibility of audio on the system, and it is likely that it would not be audible to the 
user. More importantly, the crosstalk requirement will not vary depending on which 
input is used and a consistent level of safety will be assured. 
 
For subparagraph 2.8.2.7.2 Input to Input Crosstalk, Vref is not defined by DO-214. If 
the examples presented above are applied to two inputs of differing rated levels, a 
similar inconsistency occurs with Vref defined as the rated input of the input where 
the signal is applied. Therefore, the most suitable definition of Vref is the rated input 
level of the input being monitored for the crosstalk measurement. 
 
For example, if a receiver input having a 7.75 Vrms rated input level is supplied with 
an input signal, and a mic input having a 0.25 Vrms rated input level is measured, 
then the rated input level for the mic input should be used to derive Vref. This assures 
that the level of crosstalk onto the more sensitive mic input is low enough to prevent 
receiver audio from leaking excessively onto the mic circuit thereby assuring a greater 
level of safety. 





EASA agrees to the proposal and suggest updating the specification for general 
clarification. 
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Annex 1 Use of updated standards 
ETSO-C50c#1, ETSO-C57a#1, ETSO-C58a#1  
Use RTCA DO-214 instead of EUROCAE ED-18/RTCA DO-170. 
ETSO-C50c#21, ETSO-C57a#2, ETSO-C58a#2  
Use EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/ DO-160D change 3. 





Industry Position: ELOS (Equivalent Level of Safety) is provided by use of later 
revision of the requirement document. 





EASA: Often there is an update to a standard available but the reference in the ETSO 
has not been changed The updated documents provide more precise information to 
avoid misinterpretation. It is planed to update the ETSOs in the frame of the long term 
rulemaking program to the most accurate version.  
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Deviations requests for an ETSO approval for CS-ETSO 



Applicable to Environmental Testing in general and to Mode S Transponders 
Consultation Paper 



1. Introductory note 
The hereby presented deviations requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. Deviation CS-ETSO Subpart A 2.1 
Use of EUROCAE ED-14E/RTCA DO-160E instead of ED-14D/DO-160D change 3. 



Industry Position: ELOS (Equivalent Level of Safety) is provided by use of later revision 
of the requirement document. 



EASA: The newer environmental standard is considered equivalent to the previous 
version.  



3. Deviation ETSO-2C112b#1 



ETSO-2C112b - AIR TRAFFIC CONTROL RADAR BEACON SYSTEM/MODE SELECT 
(ATCRBS/MODE S) AIRBORNE EQUIPMENT 



There is a specific marking requirement in the associated ED-73B document which 
reads: 



1.4.2.2 Transponder Labelling 
Each transponder shall be clearly labelled with its actual functional level and its 
optional capabilities. This shall be the word "level" followed by one digit between 1 
and 5 followed by "e" if Extended squitter, "s" if SI code processing is supported 
and/or “h” if the Hijack Mode is supported. 
The label must be clearly visible when the transponder is mounted on the 
aircraft. In the case of a change of transponder level or capability the label must 
changed appropriately. 
NOTE: For example, a level 4 transponder with SI capability, Extended squitter 
capability, and Hijack Mode support, would be labelled "level 4esh". 



Deviations requests 
Deviate from ED-73B 1.4.2.2 to allow the level indication marking to be done somewhere 
outside on the unit on a place visible during installation but not visible when installed in a 
cockpit panel. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf



ETSO.DevP.04 Rev. 2  1/2 
 





http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf








 



Industry: 
The flight crew is not using the information provided on the label. Consequently the 
location of the label has no safety effect. Long standing Industry practice includes 
marking ETSO products outside on the unit such that installers can assure only 
appropriate products are installed. 



EASA: 
EASA agrees to the position. There is no requirement having the equipment label visible 
in the cockpit. The transponder in question could be installed in an avionic bay not 
accessible and consequently not visible during flight. This result in no need to require 
visible marking when installed in a panel. Typically the equipment marking of all display 
and control units being panel mounted are not visible when installed. There is a benefit 
having such requirement for units being installed in an avionic bay. We stay with the 
requirement having the marking easily visible if holding the unit in hand e.g. during 
installation or on the bench. 



The requirement is ambiguous. The most common interpretation for “when mounted” is 
that the requirement has to be met after the installation has been finished. It is possible 
to read the sentence as well in a way that the requirement is valid during installation.  



EASA accepts the industry position and will not require a deviation request for this issue 
based on the ambiguity of the requirement. 
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Deviations requests for an ETSO approval for CS-ETSO applicable to  



various aircraft instruments (ETSO-C10b, -C45a, -C46a) and ETSO-2C126 ELT 
Consultation Paper 



1. Introductory note 
The hereby presented deviations requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C10b#3a – Aircraft Altimeter, Pressure Actuated, Sensitive Type 
Deviate from SAE AS 392C Section 4.2.4 to not display ALTITUDE or ALT next to the 
tape indicating altitude.  
 
AS392C (minimum performance standard for ETSO-C10b) 



4.2.4 Name:  The words “Altitude” or “Alt” shall be marked on the dial and may 
be in the same finish as the numerals. 



Industry: 
The justification for this deviation is that the proposed instrument design provides an 
equivalent level of safety based on the following factors:  



(1) The conventional “basic T” arrangement of instruments. Can be regarded as a 
compensating factor for lack of marking. 



(2) The use of ARP 4102-7 recommended symbology, which has been proven in 
extensive use on air transport and some GA aircraft.  The use of ARP 4102-7 
symbology is specifically recommended by AC 23.1311-1A, Installation of 
Electronic Displays in Part 23 Airplanes. 



(3) The collocation of related information. 



The PFD will present airspeed through the use of an airspeed scale/tape and present 
airspeed pointer with digital readout.  Altitude will be presented similarly with an altitude 
tape and present altitude pointer with digital readout.  The arrangement of these 
indicators relative to other primary flight instruments will conform to the mandated basic 
“T” with attitude centred in front of the pilot, airspeed directly to the left of attitude, altitude 
directly to the right of attitude, and heading information directly below attitude.  This 
arrangement, being mandated, is very familiar to pilots.  Furthermore, the tapes and 
present value pointers conform to the symbology recommended in ARP 4102-7 and 
appendices.  Labeling of the function or units of the airspeed and altitude indicators is not 
recommended in 4102-7.  Additional cues to the functions and units of these indicators 
come from their proximity with related flight information.  The true airspeed and ground 
speed digital readouts are presented just below the airspeed indicator.  Both these 
readouts are labeled as to type and have “KTS” labels to indicate the units of the 
displayed quantity, implying the units of the airspeed indicator.  Likewise, directly above 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 











ETSO.DevP.05  2/5 



the altitude indicator tape is the digital readout for pre-selected altitude with “FT” 
indicating the units, implying the units of the altitude indicator.  Below the altitude 
indicator is a digital readout of the barometric pressure correction setting with inches of 
mercury indicated with quote marks (”).   



EASA: The deviation has already been published and agreed with reference to the SAE 
AS 8009A which is the successor document for the outdated AS 392c. 



3. ETSO-C10b#5 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 
Use of an altitude tape and present altitude pointer with digital readout instead of 360° 
circular readout. 



Regulatory Requirement(s): 
AS392c (minimum performance standard for ETSO-C10b) 



4.1 Indication Method: The following method of indication shall be employed.  
For indicating an ascent in altitude, the sensitive pointer shall move in a 
clockwise direction completing one revolution (360°) for each 1,000 feet of 
altitude change.  A means shall be provided for showing multitudes of 
1,000 feet. 



Industry: 
The proposed instrument design provides an equivalent level of safety by:  
(1) Compliance with the objectives of the AS392c requirement, though by different 



means. 



(2) Use of AC 23.1311-1A and ARP 4102-7 recommended symbology and format. 



The presentation of altitude will be through the use of an altitude tape and present 
altitude pointer with digital readout.  The tape and present altitude pointer along with 
digital readout provide direct indication of the current altitude.  The tape moves down 
relative to the fixed pointer to indicate an ascent in altitude.  Thus, the pointer moves up 
relative to the tape for increasing altitude.  The tape, present altitude pointer, and digital 
readout conform to the symbology recommendations of ARP 4102-7.  In addition, visual 
enhancements of the tape are provided at standard 500- and 1,000-foot increments as 
recommended in AC 23.1311-1A and ARP 4102-7. 



EASA: The use of a tape with a pointer in addition with a digital read out is accepted for 
altitude information and the newer standards as SAE AS 8009 do not have such 
requirement any longer.  



4. ETSO-C10b#6 – Aircraft Altimeter, Pressure Actuated, Sensitive Type 
Use a blue/brown background instead of a black one to display the altitude 



Regulatory Requirement(s): 
AS392c (minimum performance standard for ETSO-C10b) 



4.2.3 Finish: Unless otherwise specified by the user, matte white material shall 
be applied to major graduations, numerals and pointers.  Non-functional 
surfaces shall be durable dull black.   



Industry: 
The justification for this deviation is that the proposed instrument design provides 
enhanced attitude awareness while not diminishing the performance and safety features 
of the altitude indicating function.   



This altitude indicator design overlays the altimeter functional surfaces (scale, pointer, 
and digital readout) on the moving sky (blue)/ground (brown) patches of the attitude 
indicator.  Sufficient contrast is provided between the altitude indicator functional 
surfaces and the blue/brown background to ensure readability in all cockpit lighting 
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conditions.  Human factors evaluations and flight tests will be used to demonstrate this 
and to show that the proposed instrument design adequately and safely performs the 
intended function. 



EASA: Such a design has been frequently used on electronic displays. Newer standards 
as SAE AS 8009 do not have such requirement any longer. 



5. ETSO-C45a#3a – Manifold Pressure Instruments 
Use MAP or MAN PRESS instead of the required titles. 
 
Regulatory Requirement(s): 
The use of SAE AS 8042 instead of AS 411 has been previously accepted with ETSO-
C45a#1 
AS8042 



3.10.5 Instrument Title:  The instrument title, MANIFOLD PRESSURE or MANIF 
PRESS, shall be of the same approximate size but no larger than the 
numerals. 



 
Industry: 
The justification for this deviation is that the proposed instrument design provides an 
equivalent level of safety based on the following factors:  
(1) The indication of units of measurements; 



(2) The collocation of related information; 



(3) Similarity with the instrument being replaced. 



If displayed on the PFD or MFD, industry would like to use instrument titles MAP and 
MAN PRESS as options to the TSO specified titles, (MANIFOLD PRESSURE or MANIF 
PRESS) to indicate the gauge function.  These titles provide design options to reduce 
clutter on the displays. 
The gauge will always be labeled with the units of measurement (in Hg).  In addition the 
manifold pressure gauge will always be collocated with other engine instruments (i.e. 
propeller RPM).  These two features along with an appropriate acronym or abbreviated 
title, (MAP or MAN PRESS), are sufficient to provide quick determination of instrument 
function.  Furthermore, the existing manifold pressure gauge in the PA-32 (Saratoga) is 
labeled with “MAP”.  A STC project will replace the manifold pressure gauge and other 
engine gauges in the PA-32 with indicators on the PFD and MFD.  Thus, the MAP title for 
the manifold pressure indicator on the PFD and MFD would be consistent with the 
convention for the PA-32 aircraft. 



EASA: In addition to the use of MAN as abbreviation – see ETSO-C45a#3 - EASA 
agrees to use MAP as well to stay in line with existing cockpit philosophy. 



6. ETSO-C46a#1 Maximum Allowable Airspeed Indicator Systems 
Use of RTCA DO-160D change 3 instead of the „Federal Aviation Administration 
Standard, Maximum Allowable Airspeed Indicator Systems“ as environmental standard. 



Industry: The equipment is mounted in one location. Consequently one set of 
environmental requirements should be applied. It makes no sense to apply 
environmental conditions been developed for a specific instrument and based on 
mechanical design for the electronic display.  



EASA: For the environmental standard in general CS-ETSO request the use of 
EUROCAE ED-14D / RTCA DO-160D change 3. For some ETSOs specific 
environmental requirements apply especially to reflect specifics of the sensor. In this 
case only the display and the associated computer are affected and consequently one 
common set of requirements should be used reflecting the assumed installation 
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environment in the cockpit. There is no need having specific requirements for the 
displaying of one instrument. 



7. ETSO-2C126#1 406 MHz Emergency Locator Transmitter (ELT), ED-62 
3.2.1.1 



Use of 406.028 MHz instead of 406.025 MHz as operating frequency. 



Industry: The COSPAS-SARSAT Specification for 406 MHz Distress Beacons C/S 
T.001 requires the use of 406.028 MHz as centre frequency for new developments after 
1. January 2002 in accordance with the COSPAS-SARSAT 406 MHz Frequency 
Management Plan C/S T.012. There is a need to use the new frequency to receive the 
required COSPAS-SARSAT approval. 



EASA: EASA recognise COSPAS-SARSAT as the supervisor of the frequency allocation 
in the 406 MHz band. Consequently all ELTs shall be in compliance with the COSPAS-
SARSAT requirements to ensure interoperability. EUROCAE Working Group 74 is 
currently updating ED-62.  



8. ETSO-2C126#2 406 MHz Emergency Locator Transmitter (ELT), ED-62 3.1 
ELT without 243.0 MHz transmitter capability: 



Industry: 
a) Harmonization of requirements.  The FAA currently accepts either 121.5 and 243.0 



MHz homing frequencies or 121.5 MHz homing frequency alone. Clearly the FAA 
regards the 243.0 MHz transmitter as superfluous. Granting the deviation request 
would bring the ETSO requirements in line with the FAA TSO requirements. 



b) Harmonization of aviation and marine requirements.  406 MHz Emergency 
Position Indicating Radio Beacons (EPIRB) do not contain a 243.0 MHz transmitter. 
The marine beacon specification (RTCM) excludes this requirement and EPIRB 
manufacturers have taken advantage of this to design their products at a lower price 
point. Marine beacons use the identical technology as the Aviation beacons do. 
These beacons are not to be confused with the L-Band maritime system that use the 
INMARSAT-E satellite system, but in fact the actual transmissions are identical to the 
Aviation beacons. The only differences are the fact that Aviation beacons are 
required to pass additional environmental testing such as Vibration, Shock, Impact, 
Fire, Humidity, etc. The differences stop at that point. The same Search & Rescue 
(SAR) teams respond to both Aviation and Marine distress signals, and there is no 
data to indicate any difference in response to Marine SAR emergency calls versus 
Aviation calls. In fact from a safety perspective most SAR rescue personnel consider 
the Maritime system to be ahead of the Aviation community. They were the first to 
mandate 406 MHz beacons. Granting the deviation request would make the 
European Marine and Aviation requirements identical, simplifying the design of future 
SAR location electronics, and permitting a single world-wide design. 



c) JAR-OPS 1, 3.820, 1.820 Requirements.  These JAR-OPS requirements specify 
that ELT operate on 121.5 and 406 MHz only. We cannot find any requirement for an 
ELT to operate on 243.0 MHz.  



d) ICAO Requirements. Here again we cannot find a requirement that a ELT operate 
on 243.0 MHz. ICAO ANNEX 10 – Volume V Chapter 2.1 “Frequencies for 
emergency locator transmitters (ELTs) for search and rescue” states that emergency 
locator transmitters shall operate on both 406 MHz and 121.5 MHz. 



e) Price reduction.  As noted above, elimination of the requirement for a 243.0 MHz 
transmitter will allow industry to eliminate components and simplify production 
processes, resulting in lower-priced ELTs. In future designs the reduced current drain 
may permit the elimination of one of the Lithium battery cells, reducing weight, 
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volume and the amount of hazardous material in the ELT. While price normally 
wouldn’t be considered in a deviation, the cost of beacons is major factor in the 
Aviation community acceptance of 406MHz beacons. 406MHz beacons have a 
number of advantages over 121.5/243.0MHz beacons and quite a number of 
organizations and countries are doing everything that they can to encourage adoption 
of 406MHz beacons. One of the things they are encouraging is lower cost 406 MHz 
beacon designs to facilitate replacement of older 121.5/243.0 MHz beacons. 
However for Europe unless the requirements are changed or a deviation granted to 
exclude 243.0MHz what will happen is a two tiered pricing system. Beacons 
complying with European requirements will cost more in order to comply with the 
more stringent requirements.  



f) Phase out of 121.5/243.0 MHz Satellite Surveillance:  As of February 2009 
COSPAS/SARSAT will stop satellite surveillance of both 121.5 and 243.0 MHz 
frequencies through the LEO satellites.  Granting the deviation request promotes the 
transition to a “pure” 406 MHz SAR environment. 



g) Equivalent level of safety:  Normally, for a deviation to be approved the applicant 
must demonstrate that the deviation has an equivalent level of safety to the 
“undeviated” product.  In practical terms this could be interpreted as meaning that the 
aircraft operation is not compromised in any way. In this case the removal of the 
243.0 MHz homing transmitter from the ELT has no effect on aircraft operations. 



EASA: 
We agree to the fact that there is no world wide requirement having a 243.0 transmitter 
capability. Historically this military rescue frequency has been used in parallel to have a 
better location possibility. Meanwhile the strategy to locate an ELT has changed and the 
satellite observation on those frequencies will be phased out. Even though the 243.0 
MHz transmitter could provide an additional homing possibility we agree that the benefit 
is limited compared with the additional effort. Consequently we step back to the minimum 
requirement as agreed on ICAO level and agree to the deviation not to have a 243.0 ELT 
transmitter capability. 



Currently the EUROCAE working group 74 is updating ED-62. 
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Deviations requests for an ETSO approval for CS-ETSO 
Applicable to a Cargo Container 



Introductory note 
The hereby presented Deviations request shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041 products 
certification procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted 
to the panel of experts and be subject to a public consultation of at least 3 weeks, 
except if they have been previously agreed and published in the Official Publication 
of the Agency. The final decision shall be published in the Official Publication of the 
Agency.” 



Identification of issue 
PalNet GmbH submits to EASA a deviation request against CS-ETSO-90c for their 
Cargo Container P/N 27 M THB-(). The applicant has not received or is not 
currently seeking for the related FAA TSO approval.  



ETSO-C90c is addressing cargo pallets, nets, and containers. 



Deviations request dated 25-04-2007 – Cargo Container 



Deviate from NAS 3610 paragraph 3.10.1 by reducing the ultimate static loads to be 
withstood by this specific Unit Load Device (ULD). 



Industry: 
0. Background 
Various airlines need a type of Horse Container to transport horses by air. The horse 
container P/N 27 M THB-() is capable to transport 3 horses and has space for a 
human guide during the flight. 
This Horse Container shall be transported as an ULD in Wide Body Aircraft such as 
B-747 and MD-11. 
 
1. Requirements (see NAS 3610 para 3.10.1) 
The Horse Container P/N 27 M THB-() (to be identified as NAS 3620-2M3C) 
should be substantiated to the Ultimate Loads from NAS3610 table II: 
 
ultimate loads:   [lb] [daN] 
max. vertical load (Up):  P'v 38,000 16909 
max. down load (Down): P'd 76,500 34700 
max. side load (Side)*: P's 22,500 10206 
max. rear load (Aft)*: P'r 22,500 10206 
max. fwd. load (Forward)*: P'f 22,500 10206 
* In combination with a down load equal to the forward load 
 
 
 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Load condition Nr.: 18 (see NAS 3610 Table II) 
Restraint condition Nr.: 7 (see NAS 3610 Table III) 
max. height of centre of gravity:        48 in 
 
2. Deviations 
Since the peculiar and specific destination of the ULD, PalNet would like to 
introduce the following deviations from paragraph. 3.10.1 of NAS 3610: 
a) The ultimate loads to be sustained by the Horse Container will be reduced to: 
 
ultimate loads:   [lb] [daN] 
max. vertical load (Up):  P'v 24463 10885 
max. down load (Down): P'd 48925 21770 
max. side load (Side)*: P's 14484 6445 
max. rear load (Aft)*: P'r 14484 6445 
max. fwd. load (Forward)*: P'f 14484 6445 



* In combination with a down load equal to the forward load 
 
b) The Centre of Gravity will be located in the centre of the individual panel. 
 
3. Justification for an Equivalent Margin of Safety 
i. The Centre of Gravity is calculated in the centre of the individual panel. This is 



the critical load case for these four side suspended panels under equal load. 
ii. The reduced (proposed) ultimate loads are shown on the ETSO placard of the 



Horse Container. 
iii. The Component Maintenance Manual describes the handling and the limitations 



of the Horse Container. 
 



EASA: 



We accept the position of the applicant because of the ULD peculiar mission; 
moreover placards and instructions on the CMM shall prevent from any misuse of 
this ULD.  The NAS 3610 loads required for a 2M3 ULD are posing an undue 
burden when the payload is reduced by the nature of the cargo. 



 













 



Request for deviation from applicable airworthiness code 
Consultation Paper 



 
 
Equipment model: Main wheel for Large Transport aircraft 
 
Airworthiness code involved: European Technical Standard Order ETSO-C135 



Transport aeroplane wheels and wheels and brake 
assemblies. 



Date: 20.04.2007 
 



 1. Introductory note  
The hereby presented Deviation request shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041



 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states:  
“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted to 
the panel of experts and be subject to a public consultation of at least 3 weeks, 
except if they have been previously agreed and published in the Official Publication 
of the Agency. The final decision shall be published in the Official Publication of the 
Agency.”  
 



 2. Background  



 2.1 Identification of issue  
The main wheel for a large transport aircraft meets the minimum performance 
standard prescribed by ETSO-C135 except for the requirement hereunder. 
 
ETSO-C135 § 3.2.2.2 Combined Yield Load (wheels tests) requires: "There must be 
no interference in any critical areas between the wheel and brake assembly, or 
between the most critical deflected tyre and brake (with fittings) up to limit load 
conditions..." 
 
During ETSO-C135 qualification testing, interference occurred between brake and 
tyre before the combined limit loads were reached. Indeed the tyre selected by the 
aircraft manufacturer came in contact with the brake structure (Brake Actuator carrier 
torque take-out) at a combined load value of 72% of limit radial load and 90% of limit 
side load. 
 
The wheel manufacturer is submitting to EASA this deviation request against ETSO-
C135 for the main wheel for this aircraft type. 
 



                                  
1 cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 











 



 2.2 Arguments supporting the deviation request  
The wheel manufacturer claims that deviations concerning similar cases has been 
substantiated and approved previously and proposes EASA accept the relevant 
deviation as is, according to the following arguments. 
 
Tests results have been submitted by the wheel manufacturer to the aircraft 
manufacturer. According to the aircraft manufacturer a side load is not predicted to 
exceed 90% of limit load for this condition more often than once in 10,000 flights. 
 
The aircraft manufacturer stated that in case of interference only 2 positions (8 
wheels per aircraft) would be affected, and that in case of a 2 tyres failure, this failure 
would be considered as minor, for airplane safety.  
Moreover, when conditions for this aircraft are compared with a similar aircraft model 
from the same manufacturer (same wheel rim diameter), similar combined load 
vectors and lateral tyre stiffness are found. 
Also, the lateral distance (clearance) between tyre and brake are similar for this 
aircraft and a similar model from the same manufacturer. With the fleet of this similar 
model accumulating more than 38,000 landings to date, no such interference has 
been identified. 
 
Annex 1 includes a 7-page document issued by the aircraft manufacturer to 
substantiate more precisely those statements. 
 
 
The wheel manufacturer recalls that a similar request for deviation has already been 
granted by a subcontracted National Aviation Authority on behalf of EASA for another 
of its main wheels. 
 
Taking into account the facts presented above, the wheel manufacturer considers 
that this main wheel complies with the ETSO-C135 requirements, providing an 
equivalent level of safety. 
 
The wheel manufacturer agrees that the information contained in this document is not 
proprietary. 
 
 
ANNEX 1 (7 pages): Aircraft manufacturer analysis on Brake tire interference at limit 



side load (ETSO / TSO-C135 compliance) 











 



 2.3 EASA Position  
EASA agrees that all aspects of the ETSO minimum performance standard have been met by 
this wheel, with the exception of paragraph 3.2.2.2, which requires that there shall be no 
interference between wheel brake and tyre at combined limit radial and side load conditions. 
 
The wheel manufacturer requests a deviation to ETSO-C135 for paragraph 3.2.2.2, which 
states,  



“There must be no interference in any critical areas between the wheel and brake 
assembly, or between the most critical deflected tyre and brake (with fittings) up to 
limit load conditions, taking into account the axle flexibility. Lack of interference can 
be established by analyses and/or tests.” 



 
The justification of this deviation request is made with the following arguments, 
 



a) Acceptable aircraft level risk 
 
The aircraft manufacturer has analysed the aircraft level hazards associated with the potential 
tyre failure which could be caused by this interference.  It has been determined that the likely 
failure mode, the loss of up to two tyres on a single gear, has consequences no worse than 
major for the aircraft.  This classification has been accepted by the aircraft certifying 
authority. 
 
 



b) Unlikely to reach this loading condition in service 
 
The aircraft manufacturer quotes a statistical examination of side load factors collected from 
large transport aircraft in service.  This shows that the case giving rise to this loading 
condition is conservative for commercial airliners and becomes more conservative with 
increasing aircraft size. 
EASA only partially accept this report in support of this deviation, since it is understood that 
the data in the report quoted is "clipped" data - i.e. the data was edited at source before use by 
the authors of the report.  The report is useful, however, for showing typical, rather than 
extreme, operational loads and for the showing of trends.  The report does show, however, 
that larger aircraft tend to experience lower lateral loads than smaller aircraft.  The report also 
shows that high lateral loads are not typical of service experience which does contribute to 
this particular case. 
 
 



c) Comparison to existing approved design in service 
 
The aircraft manufacturer compares the tyre clearances for the subject wheel and brake 
assembly with those of a similar large transport aircraft already in service.  They claim that 
the dimensions are similar as are the loads and the tyre stiffnesses, and so the service record 
(of no identified interferences) for the comparison aircraft can be used as supporting evidence 
that tyre/brake interferences are not likely. 
EASA consider this comparison valid, but it is made against a single type with some, but not 
extensive, service history and also having a different configuration of landing gear. 
 











 



EASA has reviewed this requested deviation and agrees that the above arguments are 
acceptable compensating factors providing an equivalent level of safety for the intent of 
ETSO C135 requirements.  Therefore, EASA envisages granting the requested deviation to 
ETSO with limitations stated on the ETSO Authorisation.  



Note: If this deviation is accepted, it would than be published in the Official Publication of 
the Agency. It would then be usable by other applicants, if they could substantiate their 
specific case with relevant data and when supported by the applicable aircraft manufacturer. 
 

























































ETSO C-135 
Deviation Request for CS-ETSO ETSO-C135 applicable 
to Transport Aeroplane Wheels and Brake Assemblies 




dated 24/10/2003 
EASA 




 
 
 




Commenter: UK CAA
Paragraph: General
Comment: The rationale for the justification of the consequences of this 




deviation being no worse than major is understood.  However, it is 
considered that the justification presents mitigating factors that the 
minimal impact on safety is acceptable, rather than justifying an 
‘equivalent level of safety’.  It is suggested that this issue has arisen 
because the loading cases defined by the tyre ETSO and the wheel 
ETSO are different and the tyre ETSO includes the combined radial 
and side load test from the wheel ETSO. 
 
It is recommended that the two ETSOs should be harmonised so that 
the loading cases are the same, and, in particular, that a combined 
radial and side load test be included In the ETSO for the tyre. 
 




Justification:  
Proposed Text:  




(if applicable) 
 




Author’s 
Response: 




The commenter is correct in their assessment of the justification for 
this deviation.  The minimal impact on safety is acceptable, rather 
than being an equivalent level of safety. 
It is also accepted that one or both of the ETSOs (for wheels and 
brakes and for tyres) will need to be revised, but this is the work of 
future rulemaking, and in the meantime, the deviation will be 
accepted as explained in the EASA Position. 




 
 




















 





Request for deviation from applicable airworthiness code 
Consultation Paper 





 
 
Equipment model: Main wheel for Large Transport aircraft 
 
Airworthiness code involved: European Technical Standard Order ETSO-C135 





Transport aeroplane wheels and wheels and brake 
assemblies. 





Date: 20.04.2007 
 





 1. Introductory note  
The hereby presented Deviation request shall be subject to public consultation, in 
accordance with EASA Management Board Decision n°7-20041





 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states:  
“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as 
well important special conditions and equivalent safety findings, shall be submitted to 
the panel of experts and be subject to a public consultation of at least 3 weeks, 
except if they have been previously agreed and published in the Official Publication 
of the Agency. The final decision shall be published in the Official Publication of the 
Agency.”  
 





 2. Background  





 2.1 Identification of issue  
The main wheel for a large transport aircraft meets the minimum performance 
standard prescribed by ETSO-C135 except for the requirement hereunder. 
 
ETSO-C135 § 3.2.2.2 Combined Yield Load (wheels tests) requires: "There must be 
no interference in any critical areas between the wheel and brake assembly, or 
between the most critical deflected tyre and brake (with fittings) up to limit load 
conditions..." 
 
During ETSO-C135 qualification testing, interference occurred between brake and 
tyre before the combined limit loads were reached. Indeed the tyre selected by the 
aircraft manufacturer came in contact with the brake structure (Brake Actuator carrier 
torque take-out) at a combined load value of 72% of limit radial load and 90% of limit 
side load. 
 
The wheel manufacturer is submitting to EASA this deviation request against ETSO-
C135 for the main wheel for this aircraft type. 
 





                                  
1 cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 



















 





 2.2 Arguments supporting the deviation request  
The wheel manufacturer claims that deviations concerning similar cases has been 
substantiated and approved previously and proposes EASA accept the relevant 
deviation as is, according to the following arguments. 
 
Tests results have been submitted by the wheel manufacturer to the aircraft 
manufacturer. According to the aircraft manufacturer a side load is not predicted to 
exceed 90% of limit load for this condition more often than once in 10,000 flights. 
 
The aircraft manufacturer stated that in case of interference only 2 positions (8 
wheels per aircraft) would be affected, and that in case of a 2 tyres failure, this failure 
would be considered as minor, for airplane safety.  
Moreover, when conditions for this aircraft are compared with a similar aircraft model 
from the same manufacturer (same wheel rim diameter), similar combined load 
vectors and lateral tyre stiffness are found. 
Also, the lateral distance (clearance) between tyre and brake are similar for this 
aircraft and a similar model from the same manufacturer. With the fleet of this similar 
model accumulating more than 38,000 landings to date, no such interference has 
been identified. 
 
Annex 1 includes a 7-page document issued by the aircraft manufacturer to 
substantiate more precisely those statements. 
 
 
The wheel manufacturer recalls that a similar request for deviation has already been 
granted by a subcontracted National Aviation Authority on behalf of EASA for another 
of its main wheels. 
 
Taking into account the facts presented above, the wheel manufacturer considers 
that this main wheel complies with the ETSO-C135 requirements, providing an 
equivalent level of safety. 
 
The wheel manufacturer agrees that the information contained in this document is not 
proprietary. 
 
 
ANNEX 1 (7 pages): Aircraft manufacturer analysis on Brake tire interference at limit 





side load (ETSO / TSO-C135 compliance) 



















 





 2.3 EASA Position  
EASA agrees that all aspects of the ETSO minimum performance standard have been met by 
this wheel, with the exception of paragraph 3.2.2.2, which requires that there shall be no 
interference between wheel brake and tyre at combined limit radial and side load conditions. 
 
The wheel manufacturer requests a deviation to ETSO-C135 for paragraph 3.2.2.2, which 
states,  





“There must be no interference in any critical areas between the wheel and brake 
assembly, or between the most critical deflected tyre and brake (with fittings) up to 
limit load conditions, taking into account the axle flexibility. Lack of interference can 
be established by analyses and/or tests.” 





 
The justification of this deviation request is made with the following arguments, 
 





a) Acceptable aircraft level risk 
 
The aircraft manufacturer has analysed the aircraft level hazards associated with the potential 
tyre failure which could be caused by this interference.  It has been determined that the likely 
failure mode, the loss of up to two tyres on a single gear, has consequences no worse than 
major for the aircraft.  This classification has been accepted by the aircraft certifying 
authority. 
 
 





b) Unlikely to reach this loading condition in service 
 
The aircraft manufacturer quotes a statistical examination of side load factors collected from 
large transport aircraft in service.  This shows that the case giving rise to this loading 
condition is conservative for commercial airliners and becomes more conservative with 
increasing aircraft size. 
EASA only partially accept this report in support of this deviation, since it is understood that 
the data in the report quoted is "clipped" data - i.e. the data was edited at source before use by 
the authors of the report.  The report is useful, however, for showing typical, rather than 
extreme, operational loads and for the showing of trends.  The report does show, however, 
that larger aircraft tend to experience lower lateral loads than smaller aircraft.  The report also 
shows that high lateral loads are not typical of service experience which does contribute to 
this particular case. 
 
 





c) Comparison to existing approved design in service 
 
The aircraft manufacturer compares the tyre clearances for the subject wheel and brake 
assembly with those of a similar large transport aircraft already in service.  They claim that 
the dimensions are similar as are the loads and the tyre stiffnesses, and so the service record 
(of no identified interferences) for the comparison aircraft can be used as supporting evidence 
that tyre/brake interferences are not likely. 
EASA consider this comparison valid, but it is made against a single type with some, but not 
extensive, service history and also having a different configuration of landing gear. 
 



















 





EASA has reviewed this requested deviation and agrees that the above arguments are 
acceptable compensating factors providing an equivalent level of safety for the intent of 
ETSO C135 requirements.  Therefore, EASA envisages granting the requested deviation to 
ETSO with limitations stated on the ETSO Authorisation.  





Note: If this deviation is accepted, it would than be published in the Official Publication of 
the Agency. It would then be usable by other applicants, if they could substantiate their 
specific case with relevant data and when supported by the applicable aircraft manufacturer. 
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Deviations requests for an ETSO approval for CS-ETSO applicable to  



GPS receivers (ETSO-C129a) 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C129a#6 – Airborne Supplemental Navigation Equipment Using 
Global Positioning System (GPS) 



Deviate from EUROCAE ED-72A Section 3.2.2.4.j.(4), -(5) and provide a smooth full 
scale cross track deviation transition instead of full scale switching. 
 
Requirement:  
(4) At a distance of 3 NM inbound to the final approach fix, the equipment shall indicate that an 
automatic non-numeric display sensitivity change will occur. If the approach mode was not 
previously activated, the approach enable alert shall be repeated (for manual selection only). 



(5) At a distance of 2 NM inbound to the FAF, if the approach has been enabled, the equipment 
shall automatically verify that satellite vehicle geometry will be suitable during the approach. This 
must be done using the RAIM function defined in paragraph 3.2.2.3d(1). If the RAIM is predicted 
to be available, the equipment shall switch to approach mode and: 



− immediately transition from terminal integrity performance to approach integrity 
performance as specified in paragraph 3.2.1. 



− provide a smooth transition from 1 NM non-numeric display sensitivity to 0.3 NM 
sensitivity at the final approach fix. 



 
Industry: 
The ETSO calls for transition to 1.0 NM scaling during the approach transition phase, 
then changing to 0.3 NM scaling at a point 2 NM from the FAF. In our opinion (based on 
computer simulation), this relatively abrupt scaling change will cause erratic and 
unsatisfactory autopilot captures when the deviation is interfaced in place of a standard 
2° to 3° beam width localizer signal for which the autopilot ILS control laws were 
designed.  



Industry proposes the following alternative: When the approach is activated, instead of 
scaling as proposed in the ETSO the FMS will revert to a 2° full scale deviation (i.e. 
localizer look-alike), based upon a hypothetical 10,000 foot runway fife miles from the 
FAF. At the point where the 2° scaling becomes equal to 0.3 NM, the unit will then 
transition to linear deviation with 0.3 NM full scale for the remainder of the approach, as 
per ETSO. This transition point will occur approximately at the FAF. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Some FMS has used this concept (i.e. ILS look-alike) for many years and has never 
encountered any problems with interface to current autopilot / flight director ILS input 
control laws. This concept had been evaluated many times during FMS certification and 
has been found acceptable. The 2° beam width provides more sensitive deviation scaling 
than the 1.0 NM scaling as specified in the ETSO. Therefore the flight technical error will 
be reduced. 



EASA: We accept the deviation as alternate means to meet the requirement. 



3. ETSO-C129a#7 – Airborne Supplemental Navigation Equipment Using 
Global Positioning System (GPS) 



a) Deviate from EUROCAE ED-72A Section 3.2.2.4.j(4) and enable the approach 3 NM 
prior to the FAF or the FACF, if a CF leg is coded as start of the sequence. 
 
b) Provide the scale change alert 15 seconds instead of 3 NM prior to the FAF or FACF 



Requirement:  
(4) At a distance of 3 NM inbound to the final approach fix, the equipment shall indicate that an 
automatic non-numeric display sensitivity change will occur. If the approach mode was not 
previously activated, the approach enable alert shall be repeated (for manual selection only). 



Industry: 
a) In many cases the coding of the final approach segment begins with Final Approach 
Course FIX (FACF) about two miles prior to the Final Approach Fix (FAF). This is the 
point to be used for the transition from Approach Arm state to Approach Active state. 
Consequently a deviation is requested to allow the approach enable alert message, 
when required, 3NM before either FACF or FAF whichever is the first waypoint of the 
final approach segment, rather than always before the FAF as stated in the ETSO.  



b) The scale change alert shall be provided 15 seconds before the FAF or  FACF rather 
than using a fixed three mile distance from the FAF. This will allow more consistent 
alerting based upon time rather than distance, and will work equally well in slow as well 
as fast airplanes.  



EASA: a) We agree to allow the starting point of the first leg of the approach sequence 
to be used as the point for the approach mode alerting. 



b) We agree to use a time period of 15 seconds before reaching instead a distance of 
3NM for the approach mode enable alert. The system knows the speed as well the 
position. For a dedicated speed the requirements can be seen as identical. As the 
equipment may be installed in different types of aircraft a time related alerting can be 
seen more precise than a distance related one as it allows the same pilot reaction period 
independent from the aircraft speed. 



4. ETSO-C129a#8 – Airborne Supplemental Navigation Equipment Using 
Global Positioning System (GPS) 



Deviate from EUROCAE ED-72A Section 3.2.2.4.f(3) and allow automatic leg 
sequencing for procedure turns vs. the ETSO requirement of manual leg sequencing. 



Requirement:  
(3) The equipment shall provide the capability for accomplishment of holding patterns and 
procedure turns. Activation of this function shall at least : 



− Change automatic waypoint sequencing to manual. 
− Permit the pilot to readily designate a waypoint and select a desired course (by means 



of a numerical keypad entry, HSI course pointer, CDI omni-bearing selector, etc...) to or 
from the designated waypoint (TO/FROM mode operation is acceptable). 



− Retain all subsequent waypoints in the active flight plan in the same sequence. 
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− Permit the pilot to readily return to automatic waypoint sequencing at any time prior to 
the designated fix ("TO" waypoint) and continue with the existing flight plan. 



Industry: 
Holding patters currently comply with this requirement, as the aircraft will repeatedly fly 
over the holding fix with no pilot intervention. Exiting a holding pattern requires pilot 
action either by pressing Direct-To or by pressing PROCEED line select key on the 
holding page. No deviation is requested in regards to holding patterns. 



Procedure turns are coded in the data base as a series of ARNIC 424 leg types, and the 
legs automatically sequence with no pilot intervention. Guidance to the aircraft is 
provided by roll steering interface, therefore providing smooth leg transitions throughout 
the procedure turn leg sequence. Procedure turns have been evaluated by test pilots and 
operation has been found to be acceptable. To require manual leg sequencing would 
increase pilot work load, and therefore be an undesirable change to the operation. A 
deviation is requested to allow automatic leg sequencing for Procedure Turns.  



EASA: We accept the automatic leg sequencing for procedure turns as alternate means. 



5. ETSO-C129a#9 – Airborne Supplemental Navigation Equipment Using 
Global Positioning System (GPS) 



Deviate from EUROCAE ED-72A Section 3.2.2.4.j(2) and enable the approach alert at 
50 NM from the destination airport vs. the requirement of alerting at 30 NM. 
Use a two step operation to select the approach mode after the alert message has been 
received if not displaying the typically selected NAV page. 



Requirement:  
(2) The equipment may enable the approach manually or automatically. 



− If the approach is enabled manually, the equipment shall provide an approach enable 
alert at a radial distance of 30 NM from the destination airport. After display of this alert, 
a means shall be provided to enable the approach mode with a single action by the 
pilot. Concurrent with the approach enable alert, if applicable, a suitable means to alert 
the pilot of the need to insert the barometric pressure setting shall be provided (unless 
the automatic altitude input uses barometric corrected altitude data). 



− If the approach is enabled automatically, the equipment shall activate the approach 
mode prior to a distance of 3 NM inbound to the final approach fix. The approach 
should not be enabled automatically more than 30 NM from the destination airport. An 
indication that the approach has been enabled shall be provided. Concurrent with this 
indication, if applicable, a suitable means to alert the pilot of the need to manually insert 
the barometric pressure setting shall be provided (unless the automatic altitude input 
uses barometric corrected altitude data). 



Industry: 
It is proposed to provide the ability to enable approach mode earlier by making ARM 
APPR option available on NAV page 1 at 50 NM rather than 30 NM. If the pilot has not 
enabled approach mode by the time he reaches 30 NM from the destination than the 
message “APPR ARM AVAIL <NAV>” will be presented to him as a reminder. There are 
several advantages to this operation: 



1. Flight experience in high performance aircraft has shown that 30 NM is some 
times too close to the airport to have to wait before approach can be enabled. 
The 30 NM point is typically when in-range checklist is being performed, and the 
pilot may be involved with matters other than GPS/FMS operation. 



2. ATC sometimes clears aircraft via heading vectors to intercept the final approach 
course of the published at a distance greater than 30 NM.  



3. This operation gives the pilot a 20 NM buffer zone in which he can enable 
approach without having to acknowledge a nuisance message. The message will 
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only be presented if he hasn’t enabled the approach by the time he reaches 30 
NM. 



4. This operation meets the intend of the ETSO in that the pilot is not required to 
enable approaches at 50 NM, but may do it only if he so wishes. He may still wait 
until the 30 NM point if that meets the requirements of his particular operation. 



Terminal integrity will still occur at 30 NM from the destination airport, regardless of 
whether the approach has been enabled or not. Scaling change from enroute to terminal 
will, however, occur only when the approach has been enabled (i.e. ARM APPR is 
pressed). 



The GPS/FMS will be compliant with the requirement of “single pilot action” if the pilot is 
currently viewing NAV 1 page, which is probably 98% of the time. In the small 
percentage of time that the pilot might be viewing another page, the message “APPR 
ARM AVAIL <NAV>” at 30 NM will indicate that approach can be armed by pressing the 
NAV key, then ARM APPR line select key. 



EASA: In our opinion no deviation is necessary to allow the approach mode selection at 
a position outbound of 30 NM. The requirement request only an alert if the approach 
mode has not been enabled. 



EASA agrees to allow a two step operation to select the approach mode in case the 
typically monitored NAV page is not active, which is needed to perform this input   



6. ETSO-C129a#10 – Airborne Supplemental Navigation Equipment Using 
Global Positioning System (GPS) 



Deviate from EUROCAE ED-72A Section 3.1.2.1 table 3-2 and use the interference 
levels as specified by RTCA DO-229C Appendix C. 



Requirement:  
3.1.2.1 In-band Interference 
The equipment must maintain the GPS signal in the presence of an in-band interfering signal in 
the frequency range of 1575.42 ± 15 MHz that is not more than the following levels as a function 
of interfering signal bandwidth, BW. All values are referenced at the receiver input with 1.5 dB 
maximum allowable cable loss and 4.5 dB minimum antenna gain. If a preamplifier or active 
antenna is used, an equivalent link budget should be used. 
 
0 Hz δ BW < 1 kHz  121.0 dBm 
1 kHz δ BW < 10 kHz  121.0 + 6 log10(BW/1000) dBm 
10 kHz δ BW < 100 kHz  115.0 + 3 log10(BW/10000) dBm 
100 kHz δ BW  112.0 dBm 
Table 3-2: Interference with AMSS 



Industry: 
The In-band Interference requirement in ED-72a, paragraph 3.1.2.1, specifies that the 
equipment shall maintain the GPS signal in the presence of interfering signals at the 
levels shown Table 3-2 of ED-72a. DO-229C, Appendix C , Table C-2 specifies slightly 
higher levels for the interfering signals when in Tracking Mode. This specification is more 
recent than ED-72a required by ETSO-C129a, and is intended to cover all of the phases 
of flight covered by ETSO-C129a. 



The justification for this request comes from the fact that the In-band Interference 
requirement in DO-229C is slightly more demanding than the requirement in ED-72A, the 
EUROCAE equivalent to RTCA/DO-208. By meeting DO-229C in-band interference 
requirements for Tracking, the equipment also meets the ED-72a requirement.  DO-229C 
contains the latest performance standards for GPS receivers and is intended as a 
replacement for the older DO-208, which is the United States equivalent of ED-72a. 
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DO-229C is used as the basis for equipment with capabilities and safety constraints far 
exceeding those of equipment designed to meet the requirements of the older 
specifications. The GPS Receiver hardware has been designed to meet the 
requirements of DO-229C. 



EASA: RTCA DO-229C is the requirement for GPS receivers having the WAAS/EGNOS 
capability and is the certification basis for ETSO-C145 (DO-229A) and ETSO-C146 (DO-
229B). Consequently EASA has already agreed to the modified requirements. We agree 
to substitute the requirement with the more detailed one as an alternate means of 
compliance. 
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Deviations requests for an ETSO approval for CS-ETSO applicable to  
GPS Antenna 10-264-35 (ETSO C-144) 



Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C144#1 Airborne Global Positioning System Antenna 
Deviate from §2.2.2.1 “Preamplifier Gain and Noise Figure” of RTCA/DO-228. 



Requirement:  
RTCA/DO-228 specifies: 
2.2.2.1 Preamplifier Gain and Noise Figure 
 
The preamplifier shall provide additional gain of 26.5dB, minimum, to that specified in 
Section 2.2.1.4, with a maximum 4dB noise figure, including all circuitry in the 
integrated antenna/preamplifier. This additional gain is applicable to points A and B in 
figure 2-1, and does not include cabling between the preamplifier and the GNSS receiver 
at point C. 



NOTE: No maximum gain is specified. Thus, the total gain of the preamplifier and GNSS 
receiver combination may be installation dependent. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Figure 1: Excerpts from DO-228 requirements for Preamplifier Gain and Noise Figure 



Industry: 
Some receivers specify to use a maximum antenna gain of less than 26.5 dB. To allow 
the development of a GPS antenna to be usable for such receivers a deviation is 
requested to allow a 16 dB +/- 1dB antenna gain instead of the requested 26.5 dB. The 
use of the required gain of 26.5 dB would lead to problems by combining the antenna 
with GPS receivers having a lower maximum gain specification.  



An equivalent level of safety is provided by limiting the use of the antenna having such 
deviation to installations together with GPS receivers being compatible to such gain. 



EASA:  
CS-ETSO C-129a (ED-72A paragraph 3.1.1) assumes 29.5 ± 3 dB for the preamplifier 
gain. Therefore, 26.5 dB minimum is a compatible value with ETSO C-144 (DO-228). For 
the cable loos ED-72A assumes a value between -3.0 dB to -13 dB.  



EASA has no indication from its baseline of GPS receivers and GPS antenna CS-
ETSO’d qualified equipment that there is a general interoperability issue between CS-
ETSO C-129a and ETSO C-144. Moreover, ETSO C-144 envisages flexibility for the 
maximum preamplifier gain and the complete gain (preamplifier and antenna).  
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Nevertheless there may exist dedicated installation combinations where a lower antenna 
gain can be sufficient. This may lead to circumstances where a lower preamplifier gain 
can be accepted for a dedicated installation.  



An active antenna will amplify noise as well as the signal. Therefore, the potential 
solution to use an attenuation device or additional cable loss to lower the signal to a level 
acceptable for the receiver after having it amplified is not a good technical solution either. 
Consequently we accept such a large pre-amplifier gain deviation for such combination 
with GPS-receivers being compatible for such signal. The limitation in using the antenna 
has to be clearly stated in the installation manual and the DDP.  Further the installation 
manual shall contain a clear advice that the installed system performance has to be 
assessed in respect to signal reception.  
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Deviations requests for an ETSO approval for CS-ETSO applicable to  



ETSO-C145 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C145#1 Airborne Navigation Sensors using the GPS augmented by 
WAAS 



Requirement:  
Deviate from ETSO-C145 to use RTCA DO-229C (as required in FAA TSO-C145a) 
instead of RTCA DO-229A. 



Industry: 
ELOS is provided by use of later revision requirement document. RTCA DO-229C is a 
successor document for RTCA DO-229A. RTCA DO-229C is referenced in TSO-C145a. 



EASA:  
Similar deviation to use RTCA DO-229C instead of RTCA DO-229B was already granted 
by EASA as a deviation to ETSO-C146 (published from 26.2.2007 to 16.3.2007). This 
deviation was accepted by the FAA in Memorandum from AIR-130 dated January 30, 
2007. There is already a draft of DO-229D RTCA Paper 093-06/SC-159-939. EASA also 
accepts the deviation as an alternate mean to meet the requirement for ETSO-C145. 



3. ETSO-C145#2 Airborne Navigation Sensors using the GPS augmented by 
WAAS – RTCA DO-229C, Paragraph 2.5.9 (Integrity Monitoring Test 
Procedures) 



Requirement:  
Deviate from RTCA DO-229C, Paragraph 2.5.9: Integrity Monitoring Test Procedures 
(see details below). 



Industry: 
The following testing was conducted to ensure that the Receiver Autonomous Integrity 
Monitor/Fault Detection and Exclusion (RAIM/FDE) function in the on-target processor 
produces equivalent output data as that produced by the off-line algorithm for identical 
input data.  



An alternate method, rather than the procedures defined in 2.5.9.5 of RTCA DO-229C, is 
used for the on-line verifications. The on-line verifications are performed in a black box 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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test environment with the fully integrated operational software. The GPS simulator 
scenarios are developed by examining the results of the detection and exclusion analysis 
of 2.5.9.3 (RTCA DO-229C). For each of the geometries, the average time to detect or 
exclude is calculated for the 1650 runs. Using the average time to detect/exclude, the 
scenarios are developed such that the beginning of the satellite ramp error time is (time 
of static geo) minus (average time to detect/exclude). The goal is to develop the 
scenarios such that the geometries when the detections/exclusions occurred are close to 
the static geometries of the detection/exclusion analysis. 



Scenarios are developed for each geometry category. 



• Detection (20 Cases)  



• Exclusion (20 Cases) 



During the on-line tests the Horizontal Integrity Limit (HIL), Horizontal Uncertainty Level 
(HUL), position error, satellite positions, satellite pseudo ranges, delta ranges, altitude 
inputs, integrity alarm and exclusion bit are recorded. The following data from the on-line 
tests are provided as inputs to the off-line software: line of sight, pseudo ranges, delta 
ranges, altitude, and sigmas. The off-line software outputs of HIL, HUL, position error, 
integrity alarms and exclusion bit, are compared to the on-line data. The goal for the 
average difference between the on-line and off-line comparisons is 0.1 meters or the 
equivalent of the least significant bit and one second for alerts. In these tests, the 
satellite orbital motion is simulated, as opposed to a static measurement. Some known 
sources for errors are due to the resolution limitation of the ARINC outputs, conversions 
(truncations) of the data from ARINC for HIL, HUL, position, etc. The least significant bit 
for HIL and HUL outputs is 0,226 meters. 



These tests are considered more stringent than the testing defined in paragraphs 
2.5.9.5.1 and 2.5.9.5.2 since they are run using the black box test environment with the 
dynamic (orbital motion simulated) satellite scenarios (as defined in 2.5.9.5.2), but with 
the much more stringent criteria as in 2.5.9.5.1 of DO-229C. 



In addition to testing, a code walk-through is performed to identify any differences 
between the RAIM/FDE code in the off-line analysis and the RAIM/FDE code used in the 
target (Global Navigation Satellite System (GNSS) operational software). The RAIM/FDE 
code in the operational software is used to build the off-line analysis software. Both the 
off-line analysis software and the operational software are developed using Ada 
language and the Rational Apex development system. 



There is no safety impact. All performance requirements are met (ELOS). A similar 
deviation has been previously approved by the FAA for the GLU-925 on 8/2/2004.  



EASA: 
The alternate method for the on-line verifications: 



• is performed with the representative operational software; 



• uses simulation scenarios for which the geometries when the on-line 
detections/exclusions are close to the static geometries of the detection/exclusion 
analysis; 



• tests each geometry category (detection, exclusion) in the simulation scenarios; 



• compares the off-line software outputs with the on-line tests with similarity thresholds 
calibrated to account for ARINC resolution and computations truncations. 



Moreover, In addition to testing, a code walk-through is performed to identify any 
differences between the RAIM/FDE code in the off-line analysis and the RAIM/FDE code 
used in the target (Global Navigation Satellite System (GNSS) operational software). 
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This deviation was accepted by the FAA in Memorandum from AIR-130 dated January 
30, 2007. EASA also accepts this alternate method as an ELOS. 



4. ETSO-C145#3 Airborne Navigation Sensors using the GPS augmented by 
WAAS – RTCA DO-229C, Paragraph 2.5.4 (Initial Acquisition Time) 



Requirement:  
Deviate from RTCA DO-229C, Paragraph 2.5.4: Initial Acquisition Time 



Industry: 
Instead of testing initial acquisition to the test procedures as defined in RTCA DO-229C, 
Paragraph 2.5.4, the GPS/WAAS unit was tested using the test procedures defined in 
draft of DO-229D RTCA Paper 093-06/SC-159-939, with the exception that the noise 
density spectrum was tested at a more stringent level of -173.3 dB/Hz instead of  
-175.4 dB/Hz. 



The unit was tested to the levels expected to be specified in RTCA DO- 229D. As these 
test procedures are equivalent to or better than those of RTCA DO-229C, there is no 
safety impact. ELOS is provided by the use of draft RTCA DO-160D. 



EASA:  
This deviation was accepted by the FAA in Memorandum from AIR-130 dated January 
30, 2007. EASA also accepts this ELOS which enhances performance. 



5. ETSO-C145#4 Airborne Navigation Sensors using the GPS augmented by 
WAAS – RTCA DO-229C, Paragraph 2.5.6 (Satellite Reacquisition Test) 



Requirement:  
Deviate from RTCA DO-229C, Paragraph 2.5.6: Satellite Reacquisition Test 



Industry: 
Instead of testing satellite re-acquisition to the test procedures as defined in RTCA DO-
229C, Paragraph 2.5.6, the GPS/WAAS unit testing was performed using the test 
procedures defined in draft of DO-229D RTCA Paper 093-06/SC-159-939, with the 
exception that the noise density spectrum tested was at a more stringent level of -172.4 
dB/Hz instead of -174 dB/Hz. 



The unit was tested to the levels and procedures expected to be specified in RTCA DO-
229D. As these test procedures are equivalent to or better than those of RTCA DO-
229C, there is no safety impact. 



EASA:  
This deviation was accepted by the FAA in Memorandum from AIR-130 dated January 
30, 2007. EASA also accepts this ELOS which enhances performance. 



6. ETSO-C145#5 Airborne Navigation Sensors using the GPS augmented by 
WAAS – RTCA DO-229C, Paragraph 2.1.4.2.2.4 (WAAS Precision Approach (PA) 
RAIM Availability) for Vertical Alert Limit (VAL) of 15m 



Requirement:  
Deviate from RTCA DO-229C, Paragraph 2.1.4.2.2.4: Wide Area Augmentation System 
(WAAS) Precision Approach (PA) RAIM Availability for Vertical Alert Limit (VAL) of 15m. 



Industry: 
The availability of the fault detection function algorithm for GLS or Approach Operations 
Vertical Guidance 11 (APV-11) to meet the above requirements assuming a missed alert 
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rate of 0.1 and a vertical alert limit of 15m, when evaluated over the constellations and 
grids specified in the test procedures (section 2.5.10), using the same satellite selection 
algorithm used by the equipment, and using a mask angle of 5 degrees, shall be greater 
than or equal to 95%. The proposed requirement for RTCA DO-229D is with an alert limit 
of 25m. 



The GPS/WAAS receiver can achieve 95% fault detection availability with a VAL of 25m 
and 80% fault detection availability for a VAL of 15m. 



The 95% fault detection availability can be achieved by the GPS/WAAS receiver when 
VAL is 25m. Since this requirement is only intended to provide a means to assess the 
adequacy of the fault detection algorithms (Ref RTCA DO-229C, Paragraph 
2.1.5.2.2.2.4), there is no safety impact. The 95% availability requirement for a VAL of 
15m (RTCA DO-229C) is invalid and for that reason the draft of RTCA DO-229D has 
changed the requirement to 25m. 



EASA:  
EASA acknowledges the fact that there is already a draft of DO-229D RTCA Paper 093-
06/SC-159-939 which updates RTCA DO-229C. This deviation was accepted by the FAA 
in Memorandum from AIR-130 dated January 30, 2007. EASA also accepts this 
deviation. 



7. ETSO-C145#6 Airborne Navigation Sensors using the GPS augmented by 
WAAS - DO-229C, Paragraph 2.5.9 (RAIM Test Procedures with Selective 
Availability (SA) Off) 



Requirement:  
Deviate from RTCA DO-229C, paragraph 2.5.9: RAIM Test Procedures with Selective 
Availability (SA) Off. 



Industry: 
For the GPS/WAAS unit, testing was performed to draft version of DO-229D (RTCA 
Paper 093-06lSC-159-939) with the exception of the offline comparisons discussed 
above in the Integrity Monitoring Test Procedures section (cf. section 3 above). 



Since SA is no longer on, these tests show performance of RAIM in the actual 
environment and are considered equivalent or superior to those test conditions defined in 
RTCA DO-229C. No safety impact. 



EASA:  
EASA acknowledges the fact that this alternate mean fulfils the same objective as the 
requirement from RTCA DO-229C, paragraph 2.5.9. This deviation was accepted by the 
FAA in Memorandum from AIR-130 dated January 30, 2007. EASA also accepts this 
deviation. 



8. ETSO-C145#7 Airborne Navigation Sensors using the GPS augmented by 
WAAS - DO-229C, Paragraph 2.5.8 (Accuracy Test) 



Requirement:  
Deviate from RTCA DO-229C paragraph 2.5.8: Accuracy Test. 



Industry: 
Instead of testing range domain accuracy to the test procedures as defined in Paragraph 
2.5.8 of RTCA DO-229C, the GPS/WAAS unit was tested using the test procedures 
defined in draft of DO-229D, RTCA Paper 093-06/SC-159-939. These procedures called 
for an additional level of intra-system interference beyond the levels stated in RTCA DO-
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229C as well as the removal of the 100 kHz broad-band interference levels due to an 
update in the threat analysis. 



The GPS/WAAS unit was tested to the levels expected to be specified in DO-229D. As 
these test procedures are equivalent or more stringent than those of DO-229C, there is 
no safety impact. 



EASA:  
EASA acknowledges the fact that there is already a draft of DO-229D RTCA Paper 093-
06/SC-159-939 which updates RTCA DO-229C. This deviation was accepted by the FAA 
in Memorandum from AIR-130 dated January 30, 2007. EASA also accepts this ELOS 
which enhances performance. 
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Deviations requests for an ETSO approval for CS-ETSO applicable to  



ETSO-C2d 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C2d 
Deviate from SAE AS8019A § 3.2.1 and from SAE AS8019A § 3.2.6. 
 
Requirement: SAE AS8019A § 3.2.1 states, “Graduations:  The graduations shall be 



arranged to provide the maximum readability consistent with the 
accuracy of the instrument.  Graduations shall be as follows: 



a. The first graduation shall be at the lowest usable airspeed of the 
instrument, as specified by the manufacturer. 



b. From the 10 knot, 10 mph, or 20 km/h graduation nearest to the 
first graduation and continuing to 250 knots, 250 mph, or 400 km/h 
major graduations shall be at least every 10 knots, 10 mph, or 20 
km/h, with minor graduations at least every 5 knots, 5 mph, or 10 
km/h. 



c. Over 250 knots, 250 mph, or 400 km/h, graduations shall be at 
least every 50 knots, 50 mph, or 100 km/h." 



 
Industry:  Applicant requests a deviation to allow the IDU software to follow current PFD 
convention and use 10 knot graduations with speed labeling every 20 knots and no minor 
graduations.  The proposed airspeed scale labeling comports with recommended symbol 
18 of SAE/ARP4102-7 App. A.  Because the scale is used in conjunction with digital 
display of airspeed, airspeed can be read as accurately as with the graduations required 
in SAE AS8019A 
 
Requirement: SAE AS8019A § 3.2.6 states, “Range:  The range of operation of the 



instrument shall be marked on the nameplate.” 
 
Industry:  Applicant requests a deviation to delete the requirement for range marking of 
the EFIS display.  The EFIS display has no inherent airspeed range limitation.  The 
airspeed range of operation is solely a function of the range of the TSO-C106 Air Data 
Computer to which the IDU is connected.  Applicant notes that TSO-C106 requires that 
the Air Data Computer be marked with an airspeed range (Ref:  SAE AS8002A § 9.2(f)). 
 
EASA: We accept the deviation as alternate means to meet the requirement. 



 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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ETSO-C6d 
Deviate from SAE AS8013A § 3.6 and from SAE AS8013A § 3.13. 
 
Requirement: SAE AS8013A § 3.6 states, “Malfunction Indication:  Integral means shall 



be provided to indicate failures and/or existence of the following 
conditions: 
a. System in fast alignment mode, required of electrical instruments 



except manually caged indicators with automatic release. 
b. Gyro operating at speed below the minimum designated by the 



manufacturer for the instrument to meet the performance 
requirements herein.  The requirement applies to electrical and 
remotely operated instruments. 



Additionally, the indicator or display of the repeating or remote indicating 
type of gyroscopically stabilized instrument shall be provided with means 
to indicate the following failures: 
c. Loss of synchro excitation 
d. A mechanical obstruction in the indicator dial drive mechanism 
e. Primary power loss to the indicator or display 
f. Servo Amplifier power loss 
g. Electrical failure in the servo drive motor 
The indicating means shall indicate the failure or malfunction in an 
unambiguous manner.  The indicating means may be a single indication 
of any or all of the preceding conditions or failures.” 



 
Industry:  Applicant requests a deviation to substitute AHRS system monitoring and 
annunciation for the above malfunction indication requirement.  The malfunctions listed in 
the requirement are not applicable to the new technology AHRS system used by the 
EFIS.  Instead, the AHRS system features integral health monitoring and transmits a 
health message to the EFIS.  The EFIS performs warning functions and removes 
unreliable symbology based upon the AHRS transmissions.  This provides an equivalent 
level of safety. 
 
Requirement: SAE AS8013A § 3.13 states, “Synchronization Provision:  Automatic or 



manual means shall be provided to bring the indicated heading into 
alignment with the magnetic heading.  An indication of alignment and/or 
failure to align shall be provided.” 



 
Industry:  Applicant requests a deviation to delete the requirement for synchronization 
provision.  The new technology AHRS system used by the EFIS is a strapdown, solid-
state device incorporating three orthogonal rate gyros, three orthogonal accelerometers, 
three orthogonal magnetometers, and a microprocessor.  Deriving attitude and heading 
is a complicated mathematical process that continuously utilizes and combines input 
from all sensors.  An out of synchronization condition is not possible with this device. 
 
EASA: We accept the deviation as alternate means to meet the requirement. 



ETSO-C10b 
Deviate from TSO-C10b(B)(2)(iii)(b) and from SAE AS392C § 4.2.1. 
 
Requirement: TSO-C10b(B)(2)(iii)(b) states, “Marking.  In lieu of the weight specified in 



Subpart A, the range shall be shown.” 
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Industry:  Applicant requests a deviation to delete the requirement for range marking of 
the EFIS.  The EFIS has no inherent altitude range limitation.  The altitude range of 
operation is solely a function of the range of the TSO-C106 Air Data Computer to which 
the EFIS is connected.  Applicant notes that TSO-C106 requires that the Air Data 
Computer be marked with an altitude range (Ref:  SAE AS8002A § 9.2(f)).   
 
Requirement: SAE AS392C § 4.2.1 states, “4.2.1 Increments:  Markings shall be 



provided at intervals not exceeding 20 feet of altitude with major 
increment markings at 100 foot intervals.” 



 
Industry:  Applicant requests a deviation to allow the EFIS software to follow current 
PFD convention and use a combination of a tape and a digital readout for indicating 
altitude.  Following current PFD conventions, the proposed tape shall have graduations 
every 100 feet with markings every 500 feet.  The proposed altitude display comports 
with recommended symbols 39 and 40 of SAE/ARP4102-7 App. A. 
 
EASA: We accept the deviation as alternate means to meet the requirement. 



 



ETSO-C146 
Deviate from RTCA DO-229C § 2.2.1.2.3, and from SAE AS392C ¶ 4.2.1. 
 
Requirement: DO-229C § 2.2.1.2.3 states, “If the database is not available or fails a 



verification check, the equipment shall continue to function, preventing 
access to the invalid data (but still providing access to valid data, 
including user-defined waypoint functions).” 



 
Industry:  Applicant requests a deviation from the requirement for continuation of 



function after detecting a database verification error.  The FMS function uses 
a variety of databases to perform various critical functions.  The databases 
include navigation data, terrain data, obstruction data, and aircraft parameter 
data.  During initialization, all databases are verified through use of CRC-
32s.  Verification failure causes the system to give a maintenance warning 
and not initialize.  Applicant requests retention of this feature because: 
1.  The system performs a variety of critical functions, many of which have a 
higher criticality level than the TSO-C146a GPS/WAAS navigation functions; 
2.  Many of the critical functions are highly dependent upon properly 
functioning databases (i.e., TSO-C151b terrain warnings); and 
3.  Verification failure is indicative of an unknown hardware malfunction that 
could have various other effects. 
Due to the above, applicant believes that it is unsafe to allow continued 
equipment operation after detection of a database failure. 



. 
 
Requirement: DO-229C § 2.2.1.4.4 states, “The equipment shall be capable of 



displaying the bearing in true or magnetic bearing as selected." 
 
Industry:  Applicant requests a deviation from the requirement to provide a pilot 
selection to display bearings in degrees true.  Applicant is unaware of any real 
operational need for display of bearings or directions in degrees true in the NAS.  
However, implementation of this feature would add complexity to equipment operation.  
Applicant believes that this is undesirable and therefore requests a deviation. 
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Requirement: DO-229C § 2.2.1.4.5.3 states, “The track angle error shall be displayed 
with 1° resolution." 



 
Industry:  Applicant requests a deviation from the requirement to numerically display 
track angle error.   
Aircraft track is displayed on the primary flight display with a track marker (green 
diamond) and by the position of the flight path marker.  Desired track is shown on the 
primary flight display with a waypoint bearing marker (magenta waypoint star) and a 
perspective, highway-in-the-sky path depiction.   
Aircraft track is displayed on the navigation display with a track marker (green diamond) 
and lubber line (segmented green line).  Desired track is shown on the navigation display 
with a waypoint bearing marker (magenta waypoint star) and a depiction of the flight plan 
route with active leg shown in magenta and other legs shown in white.   
Applicant submits that the displays provide a superior method for the pilot to understand 
the relationship between aircraft track and desired track and offer an equivalent level of 
safety to a numerical display of track angle error. 
 
Requirement: DO-229C § 2.2.2.4.3 states, “When in oceanic/remote, en route, or 



terminal mode, the equipment shall provide either a display or electrical 
output of cross-track deviation with a range of at least ± 20 nm (left and 
right).” 



 
DO-229C § 2.2.3.4.3 states, “When in nonprecision approach mode, the 
equipment shall provide either a display or electrical output of cross-track 
deviation with a range of at least ± 9.99 nm (left and right)." 



 
Industry:  Applicant requests a deviation from the requirement to provide a numeric 
cross-track deviation display.   
Aircraft relationship to the desired track is graphically shown on the navigation display.  
Applicant submits that a moving map provides a superior method for the pilot to 
understand the relationship between aircraft position and desired track and offers an 
equivalent level of safety to a numerical cross-track deviation display. 
 
Requirement: DO-229C § 2.2.3.3.4(c) states, “The equipment shall meet the 



requirements of Section 2.2.4.4.4 for non-numeric vertical deviation 
display.” 



 
DO-229C § 2.2.3.4.3 states, “When in nonprecision approach mode, the 
equipment shall provide either a display or electrical output of cross-track 
deviation with a range of at least ± 9.99 nm (left and right)  



 
Final approach segment vertical deviations (see Figure 2-17) are defined 
from the following . . . .”  (Note:  remainder of § 2.2.4.4.4 describing 
methodology for calculating vertical deviations omitted for brevity). 



 
Industry:  Applicant requests a deviation allowing use of "skyway” and other perspective 
symbols in lieu of a vertical deviation indicator.   
Perspective symbols that inherently incorporate lateral, vertical and depth components 
have been shown to increase situational awareness and reduce flight technical error.  
Applicant submits that use of “skyway” and other perspective symbols for barometric 
VNAV has an equivalent level of safety to conventional vertical deviation displays. 
 
Requirement: DO-229C § 2.2.3.4.4 states, “When in terminal or nonprecision approach 



mode, the distance to the missed approach waypoint shall be available 
for display until the MAWP is sequenced.  The distance shall be 
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displayed with a resolution of 0.1 nm up to a range of 99.9 nm.  If a 
moving map is provided, the map may obviate the need for a numerical 
output.  Note: Design consideration should be given to avoid confusion 
between the waypoint distance display and the MAWP distance display”. 



 
DO-229C § 2.2.3.4.5 states, “When in terminal or nonprecision approach 
mode, the bearing to the missed approach waypoint shall be available for 
display until the MAWP is sequenced.  The bearing shall be displayed 
with a resolution of 1 degree.  The equipment shall be capable of 
displaying the bearing in true or magnetic bearing as selected.  If a 
moving map is provided, the map may obviate the need for a numerical 
output.  Note: Consideration should be given to the enhanced situational 
awareness that is provided by moving map displays.” 



 
Industry:  Applicant requests a deviation from the requirement for display of distance 
and bearing to the MAWP.   
Aircraft relationship to the MAWP is graphically shown on the navigation display.  
Applicant submits that a moving map provides a superior method for the pilot to 
understand the relationship between aircraft position and the MAWP and offers an 
equivalent level of safety to a separate display of bearing and distance to the MAWP.  
Applicant also notes that this deviation is contemplated within the text of the 
requirements. 
 
 
EASA: We accept the deviation as alternate means to meet the requirement. 



 



3. ETSO-C151a 
Deviate from ETSO-C151a App. 1 § 4.7 and 4.9, from ETSO-C151a App. 1 § 10.2 and 
10.3, from DO-161A § 1.6.1 and 2.3.1, from DO-161A § 2.1.2 and 2.1.3 and 2.1.4, from 
DO-161A § 2.3.1.1, from DO-161A § 2.3.2, from DO-161A § 2.3.2, and from DO-161A 
Appendix A Envelopes. 
 
Requirement: ETSO-C151a App. 1 § 4.7 states, “The aural and visual alerts should be 



selectable to accommodate operational commonality among fleets of 
airplanes.” 



 ETSO-C151a App. 1 § 4.9 states, “As a minimum the TAWS shall be 
capable of providing aural alert messages described in Table 4-1.  In 
addition to this minimum set, other voice alerts may be provided.” 



 
Industry:  Applicant requests a deviation from the requirement to provide multiple, 
selectable messages for certain alert conditions. 
 
ETSO-C151a Appendix 1 Table 4-1 lists a variety of selectable voice alerts.  The 
requirement to provide selectable voice alerts seems unneeded and likely to lead to 
confusion.  It is not known whether the pilot makes the selection in flight, or whether the 
selectable voice alerts are set during installation or manufacturing.  Applicant also notes 
that some of the voice alerts required in Appendix 1 conflict with those in proposed 
ETSO-C151a Appendix 4 Table 4-1.  Thus, there seems to be a requirement for up to 
three sets of voice alerts.  There doesn’t seem to be a real operational need to justify the 
imposition of so much complexity.  Further, ETSO-151a Appendix 1 § 4.7 is written with 
a “should” and therefore does not impose a strict requirement. 
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Applicant proposes the aural and visual alerts in the following table to comply with the 
requirements of the TSO.  These alerts are based upon the alerts in the TSO and offer 
an equivalent level of safety to providing multiple, selectable alerts. 
 
 



Caution Warning Alert Type 
Visual Aural Visual Aural 



FLTA “TERRAIN” “Caution, 
Terrain; Caution, 
Terrain” 



“PULL UP” “Terrain, Terrain; 
Pull Up, Pull Up” 



PDA “TOO LOW” “Too Low 
Terrain” 



  



GPWS 
Mode 1 



“SINK RATE” “Sink Rate” “PULL UP” “Pull Up, Pull 
Up” 



GPWS 
Mode 2 



“TERRAIN” “Caution, 
Terrain; Caution, 
Terrain” 



“PULL UP” “Terrain, Terrain; 
Pull Up, Pull Up” 



GPWS 
Mode 3 



“TOO LOW” “Too Low 
Terrain” 



  



GPWS 
Mode 4 



“TOO LOW” “Too Low 
Terrain,” “Too 
Low Gear,” or 
“Too Low Flaps” 
depending upon 
aircraft speed 
and 
configuration 



  



GPWS 
Mode 5 



“GLIDE SLOPE” “Glide Slope” “GLIDE SLOPE” “Glide Slope” 



500 Foot 
Wake-Up 



 “Five Hundred”   



   
 
Requirement: ETSO-C151a App. 1 § 10.2 states, “The Terminal Phase exists when the 



airplane is 15 NM or less from the nearest runway while the range to the 
nearest runway threshold is decreasing and the airplane is at or below 
(lower than) a straight line drawn between the two points specified in 
Table 10-1 relative to the nearest runway.” 



 ETSO-C151a App. 1 § 10.3 (defining the Approach Phase) states, 
“Distance to nearest runway threshold is equal to, or less than 5 NM; and 
height above the nearest runway threshold location and elevation is 
equal to, or less than 1900 feet; and distance to the nearest runway 
threshold is decreasing.” 



 
Industry:  Applicant requests a deviation from the requirement to use decreasing range 
to nearest runway threshold as part of the conditions for defining the Terminal or 
Approach Phase. 
 
There are many situations in which the range to the nearest runway threshold is 
increasing yet it is undesirable to sensitize the TAWS to Enroute Phase limits.  One 
example is a circling to land maneuver during an instrument approach.  Another is flying 
a normal traffic pattern in VFR conditions.  Yet another is a simple landing rollout.  . 
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Applicant requests a deviation due to the fact that sensitizing based upon increasing 
range to the nearest runway threshold will lead to nuisance alerts. 
 
Requirement: DO-161A § 1.6.1 states, “The aural warning for Modes 1 through 4 shall 



consist of the sound ‘Whoop-Whoop,’ followed by either ‘Pull-Up’ or 
‘Terrain’ (or other acceptable annunciation) repeated until the hazardous 
condition no longer exists.” 
 
DO-161A § 2.3.1 states, “The aural warning for Modes 1 through 4 
consists of the sound ‘Whoop-Whoop,’ followed by either ‘Pull-Up’ or 
‘Terrain’ (or other acceptable annunciation) repeated until the hazardous 
condition no longer exists.” 



 
Industry:  Applicant requests a deviation from the requirement to provide a “Whoop-
Whoop” tone. 
 
The provision of a “Whoop-Whoop” tone is not required by Appendix 1 of ETSO-C151a.  
In addition, the voice alerts specified in DO-161A conflict with those specified in ETSO-
C151a.  Applicant proposes the aural and visual alerts in the following table to comply 
with the requirements of the TSO.  These alerts are based upon the alerts in the TSO 
and offer an equivalent level of safety to the alerts specified in DO-161A.  
 



Caution Warning Alert Type 
Visual Aural Visual Aural 



FLTA “TERRAIN” “Caution, 
Terrain; Caution, 
Terrain” 



“PULL UP” “Terrain, Terrain; 
Pull Up, Pull Up” 



PDA “TOO LOW” “Too Low 
Terrain” 



  



GPWS 
Mode 1 



“SINK RATE” “Sink Rate” “PULL UP” “Pull Up, Pull 
Up” 



GPWS 
Mode 2 



“TERRAIN” “Caution, 
Terrain; Caution, 
Terrain” 



“PULL UP” “Terrain, Terrain; 
Pull Up, Pull Up” 



GPWS 
Mode 3 



“TOO LOW” “Too Low 
Terrain” 



  



GPWS 
Mode 4 



“TOO LOW” “Too Low 
Terrain,” “Too 
Low Gear,” or 
“Too Low Flaps” 
depending upon 
aircraft speed 
and 
configuration 



  



GPWS 
Mode 5 



“GLIDE SLOPE” “Glide Slope” “GLIDE SLOPE” “Glide Slope” 



500 Foot 
Wake-Up 



 “Five Hundred”   



 
 
Requirement: DO-161A § 2.1.2 states, “Warnings shall be provided by the equipment 



when the combination of the rate of change in height above the terrain 
and the height above the terrain is within the applicable portion of 
envelope prescribed for Modes 2A and 2B in Appendix A.”  The test for 
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selecting between the Mode 2A and 2B envelopes is whether flaps are in 
landing configuration.” 
 



 DO-161A § 2.1.3 states, “Warnings shall be provided by the equipment 
when the combination of barometric altitude sink rate and height above 
terrain is within the envelope prescribed for Mode 3A in Appendix A, OR 
when the combination of barometric altitude loss and height above terrain 
is within the envelope prescribed for Mode 3B in Appendix A, regardless 
of landing gear position and with flaps not in landing configuration.” 



 
DO-161A § 2.1.4 states, “Warnings shall be provided for the ‘gear and/or 
flaps other than in landing configuration portion of the [Mode 4] envelope 
when a configuration other than for landing has been selected for either 
flaps or landing gear or both.” 



 
Industry:  Applicant requests a deviation from the requirement to determine landing 
intent of pilot based upon flap position for certain aircraft types. 
 
DO-161A is written for transport category aircraft that have a defined landing flaps 
position.  However, most Part 23, 27 and 29 aircraft lack a defined landing flaps position.  
Thus, determining GPWS mode based upon flaps being in a landing configuration is not 
possible in most potential EFIS-II system installations. 
 
Accordingly, Applicant proposes the following logic for Mode 2 envelope selections: 



Aircraft 
Type 



Mode 2A Mode 2B 



Airplane RG 
+ F 



Flaps NOT in landing 
configuration. 



Flaps in landing configuration. 



Airplane RG Landing Gear UP Landing Gear DOWN 
Airplane FG 
+ F 



Flaps NOT in landing 
configuration 



Flaps in landing configuration 



Airplane FG AGL Altitude > 500’ OR IAS > 
Note 1  



AGL Altitude < 500’ AND IAS < 
Note 1  



Rotorcraft 
RG 



Landing Gear UP Landing Gear DOWN 



Rotorcraft FG AGL Altitude > 200’ OR IAS > 
80KIAS 



AGL Altitude < 200’ AND IAS < 
80KIAS 



Notes: RG + F  = Retractable Gear with Defined Landing Flaps Position 
  RG = Retractable Gear 
  FG + F = Fixed Gear with Defined Landing Flaps Position 
  FG = Fixed Gear 
  1.  Normal Landing Pattern Speed + 15KIAS 
 
Applicant also proposes to change the arming logic of Mode 3 from being based upon 
flap configuration to being based upon mode-of-flight.  This is possible due to the 
availability of multiple system inputs for determining take-off and missed approach 
conditions.  As proposed, GPWS Mode 3 is armed by either being in ground mode 
(defined as indicated airspeed less than Vs (airplanes) / 40KIAS (rotorcraft) AND AGL 
altitude less than 75 feet) or by being on the first leg of a missed approach procedure (as 
determined by the FMS function) with distance to the active runway threshold increasing.  
As proposed, GPWS Mode 3 is disarmed upon climbing through 700 feet AGL, traveling 
more than 6NM from the last point at which the ground mode existed (this will be near 
the liftoff point), or transitioning to the second leg of a missed approach procedure. 
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Finally, Applicant proposes the following logic for generating Mode 4 alerts: 
 



Aircraft 
Type 



Mode 4A Mode 4B 



Airplane RG 
+ F 



Landing Gear 
UP 



Landing Gear UP OR Flaps not in landing 
configuration. 



Airplane RG Landing Gear 
UP 



Landing Gear UP 



Airplane FG 
+ F 



Not 
Applicable 



Flaps not in landing configuration 



Airplane FG Not 
Applicable 



Not Applicable  



Rotorcraft 
RG 



Landing Gear 
UP 



Not Applicable 



Rotorcraft FG Not 
Applicable 



Not Applicable 



Notes: RG + F  = Retractable Gear with Defined Landing Flaps Position 
 RG = Retractable Gear 
 FG + F = Fixed Gear with Defined Landing Flaps Position 



  FG = Fixed Gear 
 
Applicant submits that the logic described offers an equivalent level of safety to, and 
covers a far broader array of aircraft than, the transport-category algorithms in DO-161A 
 
 
Requirement: DO-161A § 2.3.2 states, “The visual warning for Modes 1 through 4 shall 



be red and include, in distinctive letters, the letter GPWS (or other 
acceptable legend).” 



 
Industry:  Applicant requests a deviation from the requirement to provide a red “GPWS” 
visual warning for Modes 1 through 4. 
 
The visual alert specified in DO-161A conflicts with those specified in ETSO-C151a.  
Applicant proposes the aural and visual alerts in the following table to comply with the 
requirements of the TSO.  These alerts are based upon the alerts in the TSO and offer 
an equivalent level of safety to the alerts specified in DO-161A. 
 



Caution Warning Alert Type 
Visual Aural Visual Aural 



FLTA “TERRAIN” “Caution, 
Terrain; Caution, 
Terrain” 



“PULL UP” “Terrain, Terrain; 
Pull Up, Pull Up” 



PDA “TOO LOW” “Too Low 
Terrain” 



  



GPWS 
Mode 1 



“SINK RATE” “Sink Rate” “PULL UP” “Pull Up, Pull 
Up” 



GPWS 
Mode 2 



“TERRAIN” “Caution, 
Terrain; Caution, 
Terrain” 



“PULL UP” “Terrain, Terrain; 
Pull Up, Pull Up” 



GPWS 
Mode 3 



“TOO LOW” “Too Low 
Terrain” 



  



GPWS 
Mode 4 



“TOO LOW” “Too Low 
Terrain,” “Too 
Low Gear,” or 
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“Too Low Flaps” 
depending upon 
aircraft speed 
and 
configuration 



GPWS 
Mode 5 



“GLIDE SLOPE” “Glide Slope” “GLIDE SLOPE” “Glide Slope” 



500 Foot 
Wake-Up 



 “Five Hundred”   



 
 
Requirement: DO-161A § 2.6.4 states, “Mode 5 shall be armed when the landing gear is 



selected to the landing position and disarmed either when the flaps are 
retracted from the landing position or the landing gear is selected to the 
non-landing position.” 



 
Industry:  Applicant requests a deviation from the requirement to arm and disarm Mode 
5 based upon landing gear and flap position. 
 
DO-161A is written for transport category aircraft that have a defined landing flaps 
position and retractable landing gear.  However, most Part 23, 27 and 29 aircraft lack a 
defined landing flaps position and some also lack retractable landing gear.  Thus, arming 
and disarming GPWS Mode 5 in the specified manner is not possible in most potential 
EFIS installations. 
 
Accordingly, Applicant proposes to change the arming logic of Mode 5 from being based 
upon gear and flap configuration to being based upon various other detectable flight 
conditions.  This is possible due to the availability of multiple system inputs for 
determining when Mode 5 should be armed on an ILS approach.  As proposed, Mode 5 
is armed when a valid glideslope signal is being received AND the aircraft’s 5 second 
filtered descending glidepath is greater than 1° AND the aircraft is below 1000’ AGL. 
 
Applicant submits that the logic described offers an equivalent level of safety to, and 
covers a far broader array of aircraft than, the transport-category algorithms in DO-
161A.. 
 
Requirement: The envelope drawings for Modes 1, 2A, 3, 4 and 5 in Appendix A of DO-



161 each include a “Descent Inhibit Height” of 50 feet ± 10 feet. 
 
Industry:  Applicant requests a deviation from the requirement of a descent inhibit height 
of 50 feet ± 10 feet when terrain database derived AGL altitude is used. 
 
The TAWS system is capable of using terrain database derived AGL altitude as an input 
to the GPWS warning functions when radar altitude is not available.  Terrain database 
derived AGL altitude is based upon the difference between MSL altitude (either 
GPW/WAAS geodetic height or temperature-corrected barometric altitude) and terrain 
elevation from a terrain database.  There are various potential error sources in terrain 
database derived AGL altitude stemming from inaccuracies in determining MSL height as 
well as inaccuracies in the terrain database. 
 
Due to these potential error sources, a larger descent inhibit height is appropriate for 
preventing nuisance warnings when using terrain database derived AGL altitude.  
Applicant proposes a descent inhibit height of 100 feet when the source of AGL altitude 
is terrain database derived. 
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EASA: We accept the deviation as alternate means to meet the requirement. 
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Deviations requests #12 for an ETSO approval for CS-ETSO applicable to Data 



Loader (ETSO-C109) 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C109#1 –Airborne Navigation Data Storage System 
Use of a bi-directional data bus instead of two independent data buses one for data 
request and the other for data delivery.  
 
Requirement:  
Global Systems, Inc., document „Minimum Performance Standard for the Airborne 
Navigation Data Storage Systems“, dated March 31 1983: 



1.2.3 Interface to Navigation System 



If the navigation data storage system is contained in a separate box from the Navigation 
System(s), or if the navigation data is transferred between navigation systems, then a 
data transfer bus is required.  



The data bus interconnects the Navigation Data Base Storage System and the 
Navigation System(s). This will consist of a two bus interface; one bus for data requests 
from the NAV system, and one bus for data response from the data storage system back 
to the NAV system. 



 
Industry: 
The Data Loader contains a 100 Mbits/Sec Ethernet data bus interface used to provide 
communications with other devices (FMS, EFB, etc.). The Ethernet data bus complies 
with the intent of section 1.2.3. A means to place request to the Data Loader and to 
receive data from the unit is provided. Any data link anomalies that may occur are 
detected and displayed on the receiving system. 



Industry seeks a deviation for the 100 Mbits/Sec Ethernet data bus interface to operate 
as a single data bus to the associated systems rather than the required dual data bus 
specified in section 1.2.3 of the MPS. 



The Ethernet data bus provides the same bi-directional communication functionality 
without the necessity of having two independent bus systems. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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EASA: 
We accept the deviation as alternate means to meet the intent of the requirement. The 
requirement is written in a too prescriptive way and does not reflect currently available 
technology. The deviation has already been accepted by the FAA. 



3. ETSO-C109#2 –Airborne Navigation Data Storage System 
Exclude the Disk Drive Unit and the embedded Disk Controller (Commercial of the Shelf 
subcomponents) from the 100% screening requirement applying if the specified 
equipment performance exceeds the component manufacturer’s specified performance.  
 
Requirement:  
Global Systems, Inc., document „Minimum Performance Standard (MPS) for the Airborne 
Navigation Data Storage Systems“, dated March 31 1983: 



2.5 Rating of Components 



The equipment shall not incorporate in its design a component of such rating that, when 
the equipment is operated throughout the range of specified environmental tests 
(reference section 4.0), the rating established by the manufacturer of the component is 
exceeded except as follows. Components may be screened to different environmental 
characteristics from the manufacturer’s ratings, but 100 percent of the screened 
components must be tested to every characteristic exceeding the manufacturer’s ratings.  



 
Industry: 
The Data Loader employs a Commercial Off-The-Shelf (COTS) Disk Drive Unit. Industry 
has selected this disk drive unit for its performance specification and as the result of in-
house testing to the defined requirements for the Data Loader. No visibility into the parts 
de-rating employed in the COTS Disk Drive and embedded Disk Controller design is 
available. 



Industry seeks a deviation for the COTS Disk Drive and embedded Disk Controller to 
exclude it from the rating of components requirement under section 2.5 of the MPS. 



EASA:  
It is a general principle that during certification the performance is demonstrated once on 
a dedicated sample. During production the applicant has to take measures to ensure that 
the produced unit is a representative of the approved sample. This typically involves 
some testing of dedicated parameters either on a 100% or a statistical basis but does not 
require a 100% retesting of all parameters.  



The requirement may have been introduced on the experience that the performance of 
such a COTS product may change due to the introduction of changes by the supplier. 
The applicant stays responsible for the performance of the COTS subcomponent and all 
changes introduced by the supplier within the approved equipment. This obligation does 
not justify a 100% retesting requirement. 



Based on the above we accept the deviation to have not a specific 100% testing 
requirements on COTS products.  



The deviation has already been accepted by the FAA. 
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Deviations requests #13 for an ETSO approval for CS-ETSO applicable to Air Data 



Computer (ETSO-C106) or Display Systems (ETSO-C113) 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. ETSO-C106#1 - Air Data Computer 
Deviate from ETSO-C109 3.1.1 and use SAE AS 8002 Rev. A instead of AS 8002 as the 
minimum requirement standard. 
 
Industry: 
SAE AS 8002 had been reissued as AS 8002A mainly to adopt the format to the most 
recent one. The foreword states that all changes are format/editorial only. The requested 
SAE AS 8002 is no longer available. 



EASA: We accept the deviation as alternate means to meet the requirement. 



3. ETSO-C113#1 –Airborne Multipurpose Electronic Displays 
Deviate from ETSO-C113 3.1.1 and use SAE AS 8034 Rev. A instead of AS 8034 as the 
minimum requirement standard. 
 
Industry: 
SAE AS 8034 had been updated to provide guidance adapted to LCD/plasma technology 
and not only requirements for CRT displays. SAE AS 8034A is the most recent standard. 
The principles of the previous standard are kept but some testing is adapted to pixel 
matrix technology. 



EASA: We accept the deviation as alternate means to meet the requirement. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Deviations requests #17 for an ETSO approval for CS-ETSO applicable to  



C57a (Headsets and Speakers) 
Consultation Paper 



1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 



“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 



2. Identification of issue 
An applicant submits to EASA one technical deviation related to the Eurocae ED-18 
standard for ETSO-C57a (Headsets and Speakers): deviate from ETSO-C57a (Headsets 
and Speakers) § 3.1.1/Eurocae ED-18 Part II (Aircraft microphones (except carbon), 
aircraft headsets and speakers, aircraft audio and interphone amplifiers) § 4.4 (Minimum 
performance specification – aircraft headsets, handsets and loudspeakers), § 4.4.1 
(Impedance - Headsets and Handsets). 



3. ETSO-C57a#4 – Headsets and Speakers 
 
Requirement:  
EUROCAE ED-18 specifies: 
Using the resistor substitution method, the equipment impedance at 1000 Hz shall be 
within ± 20% of the manufacturer’s rated impedance, which shall be between the limits 
of 150 Ω and 600 Ω 
 
Note 
Some general aviation avionics equipment may require the use of headsets with only 
600 Ω impedance. 
Use of lower impedance headsets could result in damage to such avionics equipment. 
Therefore, headsets which have an earphone circuit impedance other than 600 Ω ± 20% 
shall include in their installation instructions a caution stating the following: 
“Damage could occur to avionics equipment by the use of these headsets if the 
equipment was manufactured for use with only 600 Ω headsets. If in doubt, consult the 
avionics equipment manufacturer.” 
 
Industry: 
Some aircraft manufacturers require headsets with impedance that shall be between the 
limits of 8 Ω and 32 Ω ± 20%. 
An equivalent level of safety is provided limiting the use of headsets with low impedance 
in the aircraft or helicopters that require low impedance. 



                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 











The usage limitation will be clearly stated in the installation manual and in the DDP 
(Declaration of Design and Performance). A caution statement will be added: 
“Damage could occur to avionics equipment by the use of these headsets if the 
equipment was manufactured for use with 150Ω to 600 Ω headsets. If in doubt, consult 
the avionics equipment manufacturer.” 



 



EASA:  
The FAA has recently published TSO-C139 superseding the previous TSO-C50c, -C57a, 
-C58a in one TSO already requesting RTCA DO-214 and DO-160E. The deviation to use 
RTCA DO-214 instead of Eurocae ED-18 has been granted by EASA. This RTCA DO-
214 standard contains the same requirement (§2.3.4.1) as Eurocae ED-18 regarding the 
equipment impedance at 1000 Hz for headsets and handsets. 



Low impedance headsets are generally required for use with military type radios. The 
market has established both military and civil impedance norms. Helicopters, including 
CS27, can have a basic installation with 2 mechanically different types of plugs including 
a NATO type. 



EASA has no indication that there is a general interoperability issue with this impedance 
requirement from Eurocae ED-18. The Eurocae standards for the radios (respectively 
ED67 for ETSO 2C128 and ED23B for ETSO 2C38e) requires that “all tests are 
performed with the equipment output terminals connected to a load having the 
impedance for which the equipment is designed” (ED23B 5.1.4 & ED67 5.1.6). 



EASA has already granted deviations with operational limitations. However, these 
deviations had to be considered when installing the product. A headset is not installed. 



Therefore, the issue is to determine whether the proposed equivalent level of safety is: 



• acceptable and feasible with: 



o the limitation in using the Headset in the user manual and the DDP; 



o the requirement in the user manual to check impedance matching. 



• and is compatible with the intent of minimum performance requirements of ETSO-
C57a. 



Given the fact that an equivalent level of safety is substantiated, EASA intends to accept 
this deviation. 
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Deviations requests for an ETSO approval for CS-ETSO applicable to  


a MLS receiver (ETSO-2C104a) 
Consultation Paper 


1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 


“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


2. ETSO-2C104a#1 – MLS Airborne Receiving Equipment 
Deviate from ETSO-2C104a 3.1.1 and use EUROCAE document ED-36B instead of ED-
36A as the minimum requirement standard. 
 
Industry:  
Equipment and Aircraft manufacturers experienced in 2002 high level multi path during 
Aircraft landing when operating in MLS mode with an Airborne receiver ED36A 
compliant. Qualification of some MMR units has been obtained with a limitation to Cat ll 
operations. 


Since the end of 2004, EUROCAE WG-28-SG3 has been involved in Task Force 
meetings to define new ED36 performances against this lack of robustness. 


In September 2006, these performances have been issued in ED36B draft5 released. 
The applicant has anticipated its development based on this issue of ED36B. The final 
issue and publication of ED36B is expected by September 2007. However, the update of 
the ETSO-2C104a will not be immediate.  This deviation consists in using ED36B instead 
of ED36A called by the current ETSO-2C104a. 


 


EASA: The new ED36B aims to enhance performance for multi path. The expected 
publication date for EUROCAE ED36B might be optimistic. We accept the deviation as 
alternate means to meet the requirement. 


 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf



http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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Deviations requests for an ETSO approval for CS-ETSO applicable to  


a MMR (Multi Mode receiver (ETSO-2C104a/ETSO C129a) 
Consultation Paper 


1. Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 


“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


2. ETSO-C129a#11 Airborne Supplemental Navigation Equipment using GPS 
Deviate from ETSO-C129a paragraph 3.1.1 for the associated requirements in Eurocae 
ED-72A paragraphs 1.3.2, 2.9.1, 2.9.2, 3.1.3.1 & Table 3-4, 3.2.1 & Table 3-5, 3.2.2.3, 
3.2.2.3b(2), 3.2.3.2b(2), 6.2.4a. 
 
Industry: 
When the GPS antenna is largely or totally masked, the GPS receiver may be either in 
Navigation mode with a very bad GDOP (Geometric Dilution of Precision) or may revert 
to degraded DIR/SPEED AIDED mode. When the GPS antenna is no more masked, the 
satellites become visible again. From the time satellites are masked to the time they can 
be re-acquired, the time search range is increased (proportionally to the GDOP value) 
and may exceed the code repetition period. 


Operational effects: 


In these conditions the GPS receiver may acquire one (or more) satellite on the wrong 
code and generate a great error on the position. At best, this error is indicated by the 
RAIM (Receiver Autonomous Integrity Monitoring) bit alarm.  


When the GPS receiver is in DIR/SPEED AIDED mode, it uses either aiding data or the 
last calculated GPS speed to update the last calculated position during an unlimited time 
that can, after a long time, make the position to be erroneous with a SSM (Sign/Status 
Matrix from ARINC429) “No Computed Data”. 


In operation such behaviour may occur when the aircraft is successively powered and 
initialised in a clear area, and then located under a roof or a hangar in such a way that 
GPS antennas are partially or totally masked for a significant period of time (at least 1 
hour) and finally positioned in a clear area back. To be noticed that probability of 
occurrence is directly linked to the masking duration. 


Proposed operational limitation: 


• To avoid such behaviour, do not to put the aircraft under a roof or a hangar when the 
MMR units are powered. If operations necessitate doing so, when the aircraft is put in a 
clear area back, flight crew or maintenance staff shall check the exactness of GPS 
position.  


                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf



http://www.easa.europa.eu/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf





• Moreover, installation will be limited to aircraft family for which the manufacturer has 
assessed acceptability of those limitations on its design. 


EASA: 
This GPS engine has already been ETSO-authorised as part of a previous MMR 
approval (EASA.210.242). In order to comply with Part 212, this previous authorisation 
will have to be cancelled since the manufacturer wants to keep the same model name 
and part number while upgrading the functionality for the MLS part (see deviations below 
in sections 3 and 4). The proposed operational limitation provides a compensating 
operational procedure for integrity monitoring, failure warnings, acquisition time and 
failure protection by substituting operational checks to equipment automatic detection 
and annunciation. It provides an equivalent of safety while not compensating for 
performance characteristics. The Declaration of Design and Performance (DDP) which is 
referenced on the ETSO authorisation will have to clearly describe the issue and the 
operational effect while clearly stating the operational requirement to compensate those 
operational effects. Moreover, the DDP will actually limit the installation to the aircraft 
family for which the manufacturer has assessed acceptability of these operational effects 
and performance limitations on its design.  


EASA has reviewed this requested deviation and agrees that the above arguments are 
acceptable compensating factors providing an equivalent level of safety for the intent of 
ETSO-C129a requirements. 


Note 1: If this deviation is accepted, it would than be published in the Official Publication 
of the Agency. It would then be usable by other applicants, if they could substantiate their 
specific case with relevant data and when supported by the applicable aircraft 
manufacturer. 


Note 2: there are previous deviations to TSO-C129a which have been approved. These 
deviations can be found on the EASA Web internet site at the following address: 
http://www.easa.europa.eu/doc/Certification/Design_Appro/ETSO.Dev.pdf). 


3. ETSO-2C104a#2 MLS Airborne Receiving Equipment 
Deviate from ETSO-2C104a paragraph 3.1.1 with the deviation to use Eurocae ED-36B 
instead of ED-36A for the associated requirement in paragraph 3.5.2c of draft 5 of ED-
36B. 


Note 3: deviation to use Eurocae ED-36B instead of ED-36A has already been published 
on EASA Web site. This deviation is written ahead the publication of ED-36B on the 
basis of draft 5 of ED-36B. If this deviation is approved, the applicant will have to 
demonstrate that it remains applicable to final ED-36B. It is published ahead in order to 
accommodate a tight certification schedule. The applicant bears the entire responsibility 
for the risk management resulting from significant changes between draft 5 of ED-36B 
(dated September 2006) and ED-36B. The latest draft (dated May 2007) currently being 
circulated by Eurocae for comments has been transmitted to the applicant which has 
assessed that the changes have no impact on its design. 


Requirement in paragraph 3.5.2 of draft 5 of ED-36B is copied below: 


                                                 
2 Cf. http://www.easa.europa.eu/doc/Regulation/reg_1702_2003.pdf COMMISSION 
REGULATION (EC) No 1702/2003 Subpart O 21A.601 to 21A.621 
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3.5.2 Validation Criteria during Acquisition 
 
 During acquisition a guidance signal frame shall meet the following 


validation criteria: 
 
 a. The signal as processed by the receiver must contain a properly 


encoded preamble timing signal and valid function 
identification. 


 
 b. The "TO" and "FRO" scanning beams or alternately the left/ 


right clearance signals are present and symmetrically located 
within 40 microseconds of the midpoint time. 


 
NOTE :  the manufacturer will guaranty that a frame with a dissymmetry 
higher than 40us +10% is always regarded as not valid by the receiver, and 
that a frame with a dissymmetry lower than 40us -10% is always regarded as 
valid by the receiver." 


 
 c. The received azimuth beamwidth is between 25 and 250 


microseconds, the elevation beamwidth is between 25 and 150 
microseconds. 


 
 d. The guidance signal exceeds any OCI signal by at least 4dB. 
 
 e. The signal being acquired exceeds any other signal meeting b. 


and c. above by at least 4dB. 
 


NOTE:  At some locations, the ratios in d and e may allow a receiver to 
acquire false guidance signal during take off due to high multi-path 
environment.  


 


Industry: 
Eurocae ED36B paragraph 3.5.2.c called by ETSO-2C104a requires to validate signals 
with a beamwidth higher than 0.5 degrees. The receiver does not validate azimuth or 
elevation signals whose beamwidth is lower than 0.84 degrees (worst case viewed by 
the receiver).  


Operational effects: 


With ground stations implementing azimuth or elevation beamwidth lower than 0.84 
degrees, there is an availability issue since the receiver will never track azimuth or 
elevation functions. When the receiver is in presence of a MLS azimuth and/or elevation 
signal with a beam width lower than 0,84 degrees, the deviations LOC (localizer) and 
G/S (glide slope) remain NCD (No Computed Data). 


Practically, actual qualified ground stations for cat II and cat IIIb operations are set with a 
beam at about 1,65 degrees for Azimuth, and 1,3 degrees for Elevation. Furthermore, 
when the receiver is tracking a signal, this restriction does not apply. 


Proposed operational limitation: 


• Equipment interoperable with MLS azimuth and elevation ground stations whose 
signal has a beamwidth higher than 0,85 degrees. 
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• Moreover, installation will be limited to aircraft family for which the manufacturer has 
assessed acceptability of those limitations on its design. 


EASA: 
For the requirement associated to this deviation, there is currently no difference between 
draft 5 of ED-36B (dated September 2006) and the latest draft of ED-36B (dated May 
2007). However, the applicant will be required to demonstrate that the changes in the 
published ED-36B will not impact its design. 


The applicant clarified that comprehensive information is always given in degrees. The 
relationship between time and degrees is given by the ground beacon scanning speed of 
20 000 °/s. Consequently, 0,5 ° stands for 0,5[°]/20 000[°/s] = 25μs. The applicant agreed 
to indicate the original unit as in the requirement in the DDP.  


Based on this conversion, the requirement draft 5 of ED-36B for: 


• The azimuth beamwidth between 25 and 250 μs (microseconds) corresponds to an 
azimuth beamwidth between 0,5º and 5º; 


• The elevation beamwidth between 25 and 150 μs (microseconds) corresponds to an 
elevation beamwidth between 0,5º and 3º. 


The proposed operational limitation (0.85º or 42,5 μs) is compatible with the actual 
performance of the receiver. Based on the current characteristics of the MLS ground 
stations (1,65 º or 82,5 μs for Azimuth, and 1,3 º or 65 μs for Elevation), this problem is 
not likely to be frequently encountered by operators. Therefore, probability of exposure in 
operations is low. 


EASA has reviewed this requested deviation and agrees that the above arguments are 
acceptable compensating factors providing an equivalent level of safety for the intent of 
ETSO-2C104a requirements. Therefore, EASA envisages granting the requested 
deviation to ETSO with limitations stated on the ETSO Authorisation, provided that the 
applicability with published Eurocae ED-36B is demonstrated. 


Note 1 is also applicable to this deviation. 


4. ETSO-2C104a#3 MLS Airborne Receiving Equipment 
Deviate from ETSO-2C104a paragraph 3.1.1 with the deviation to use Eurocae ED-36B 
instead of ED-36A for the associated requirement in paragraph 3.9.3a of draft 5 of ED-
36B. 


Note 3 from section 3 above is also applicable to this section. 


Requirement in paragraph 3.9.3 of draft 5 of ED-36B is copied below: 


ETSO.DevP.16  4/6 







3.9.3 Performance in Presence of Multipath 
 
 For signals with a DPSK level of -20 dBm to -92 dBm the following 


specifications shall apply in the presence of scalloping frequencies 
between 0.05 Hz and 999 Hz. 


 
 a. In-Beam Multipath
  
  A Multipath signal less than two beamwidths from the direct 


signal and with an amplitude of 3 dB below the direct signal 
shall not degrade the accuracy (CMN and PFE) of the angle 
guidance outputs by more than plus or minus 0.5 beamwidth. 
The receiver shall not lose track. 


  
  When the amplitude is reduced to 6 dB below the direct signal 


the error shall not exceed plus or minus 0.3 beamwidth. The 
receiver shall not lose track. 


 
  When the amplitude is reduced to 25 dB below the direct signal 


the error shall not exceed plus or minus 0.026 beamwidth. The 
receiver shall not lose track. 


 
 b. Out-of-Beam Multipath
  
  Multipath signals coded more than 2 beamwidths from the direct 


signal and with amplitudes of 3 dB or more below the direct 
signal shall not degrade the angle guidance accuracy by more 
than plus or minus 0.02 beamwidth. The receiver shall not lose 
track. 


 
  When the receiver output is within a narrow sector (3.5° +/- 0.5° 


wide)  around the centreline or around the selected azimuth 
angle, a multipath signals coded more than 2 beam widths from 
the direct signal and with amplitude of up to 10 dB above the 
direct signal and not distorting the direct beam shape as 
presented in Figure 1.3 shall not degrade the azimuth angle 
guidance accuracy by more than plus or minus 0.02 beamwidth 
and the receiver shall not lose track. 


 


 


Industry: 
Eurocae ED-36B paragraph 3.9.3.a called by ETSO-2C104a states that the receiver 
must not loose tracking during in-beam multipath. The receiver looses tracking of the 
signal (and so the protection against multipath signals) in presence of in-beam multipath 
for azimuth or elevation signals with a beamwith higher than 2.85 degrees (worst case 
viewed by the receiver).  


Operational effects: 


When In-beam and Out-Of-Beam effect are combined for beamwidth higher than 2.85 
degrees (2.85 being a worst case value), the receiver can check that some Eurocae ED-
36B criteria such as beamwidth are no more respected. In this case, the receiver 
discards the frame.  
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When this phenomenon repeats for at least 1 second, the receiver looses tracking. The 
deviations LOC and G/S become NCD if the phenomenon lasts more than 1 second, and 
the receiver may track an out-of-beam azimuth signal meeting Eurocae ED-36B criteria 
(at least 4dB over the direct signal) and output an erroneous azimuth deviation for 
ground stations emitting scanning beam higher than 2.85 degrees.  


Practically, actual qualified ground stations for cat II and cat IIIb operations are set with a 
beam of about 1,65 degrees for Azimuth, and 1,3 degrees for Elevation. Furthermore, 
during approach and landing, such a phenomenon is not anticipated since sensible area 
are to be extended in order to decrease in-beam effect. 


Proposed operational limitation: 


• Equipment interoperable with MLS azimuth and elevation ground stations whose 
signal has a beamwidth lower than 2.2 degrees; 


• Moreover, installation will be limited to aircraft family for which the manufacturer has 
assessed acceptability of those limitations on its design. 


EASA: 
For the requirement associated to this deviation, there is currently no difference between 
draft 5 of ED-36B (dated September 2006) and the latest draft of ED-36B (dated May 
2007). However, the applicant will be required to demonstrate that the changes in the 
published ED-36B will not impact its design. 


The proposed operational limitation (2.2º) is compatible with the actual performance of 
the receiver. Based on the current characteristics of the MLS ground stations (1,65 º for 
Azimuth, and 1,3 º for Elevation), this problem is not likely to be frequently encountered 
by operators. Therefore, probability of exposure in operations is low. 


EASA has reviewed this requested deviation and agrees that the above arguments are 
acceptable compensating factors providing an equivalent level of safety for the intent of 
ETSO-2C104a requirements. Therefore, EASA envisages granting the requested 
deviation to ETSO with limitations stated on the ETSO Authorisation, provided that the 
applicability with published Eurocae ED-36B is demonstrated. 


Note 1 is also applicable to this deviation. 
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Deviations requests ETSO.Dev.P027 for an ETSO approval for CS-ETSO applicable 


to  
Headset including Microphone (ETSO-C57a, C58a)  


Consultation Paper 
 


Introductory note 
The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 


“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


 


ETSO-C57a – Headsets and Speakers 


No Deviation ETSO-C57a#5 – Headsets and Speakers 
Deviate from RTCA DO 214 Section 2.3.8.4, 2.6.2.8 and reduce the force for the cord-
connector pull-out tests at the headset side from 5.0 kg to 1.0 kg for in-ear equipment. 


Requirements: 
RTCA/DO-214 §2.2.8.3 and §2.3.8.4 (and test method §2.6.2.8) 
2.6.2.8 Cord-Connector Pull-Out 
a. Connect the cord/connector assembly so that the cord and connector are in axial 
alignment. 
b. Gradually apply an axial force to the cord such that the force reaches at least: 


(1) 5 kg for cords of 4.0 mm diameter or less 
(2) 10 kg for cords greater than 4.0 mm diameter 


c. Apply the force for one hour, then gradually remove the force and inspect the cord-
connector assembly upon removal from the fixture. 


Industry: 
The cord-connector pull-out test is considered to demonstrate the strength and durability 
of a cord-connector fastening when subject to loads and strains during normal use, 
including a steady pull which may occur when mounted in a fixed mounted panel. 
 
The earpiece-cord fastening for the headset will be subject to less amount of steady pull 
as the headset is not fixed at the head and the headset is not connected to a fixed 
mounted panel. Due to the reduced strains and weight of the earpiece, industry consider 
maximum pulling load of 1.0 kg as applicable for the earpiece – cable interface. 
 
EASA 
This test is not applicable for the cord – headset interface. The cord-connecter pull-out 
test is specified only for the connector side of the cable and not for the headset side of 


 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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the cable. We consider the requirement as not applicable to the headset side of the 
cable. Consequently, we do not grant a deviation. 
 
Never the less, we agree that this kind of test is useful when using an in-ear earpiece 
element, as a pull-out action is performed as well. We agree to use 1.0 kg pulling load as 
acceptable test condition.  
 


ETSO-C57a#6 – Headsets and Speakers 
Deviate from RTCA DO-214 Section 2.3.1.1 and allow higher frequency response levels 
(up to +12 dB) at frequencies above 1.5 kHz. An additional speech quality test is 
performed to substantiate the equal level of safety. 
 
Requirement: 
DO-214 Section 2.3.1.1 Frequency Response 
When tested in accordance with the test procedures of subparagraph 2.7.2.1b, at an 
input power level of 1 mW (RMS), the frequency response of the headset over the 
frequency range of 350 to 3000 Hz shall not vary by more than +/-6 dB with respect to 
the reference acoustic output as obtained in subparagraph 2.7.2.1a. 
 
Industry: 
First it has to be considered that the test setup using a coupler may not be 100% 
representative for the conditions seen in real applications. The coupler used is known to 
influence the measurement results.  
 
Amplification of the higher frequencies (2kHz – 4kHz) will improve the understand-ability 
of speech, as those frequencies are most important for language understanding. For 
understanding it is most important to have a frequency response without “holes” in the 
transmitted band.  
 
There might be a risk that the 10 dB increase in the frequency characteristic may result 
in poor speech quality and listening discomfort. Consequently an additional speech 
quality test is performed to substantiate the listening comfort. One of the known tests for 
this purpose is the DANTALE CD. With this test it is demonstrated that there is no 
negative influence on the speech intelligibility. 
 
EASA: 
EASA accepts a speech quality test to demonstrate an equivalent level of safety.   
 


ETSO-C58a - Aircraft Microphones (Except Carbon) 


ETSO-C58a#3 - Aircraft Microphones (Except Carbon) 
Deviate from RTCA DO-214 Section 2.2.1 and replace/supplement the frequency 
response requirement by requirements provided in ISO/TR 4870,  ANS/ S3.2-1989 for 
in-ear microphones using bone-conducting technology. In the frequency-range 3.2 – 6 
kHz the limit may exceed the -10 dB up to a maximum of -20 dB at 6 kHz. 
 
Requirement: 
DO-214 Section 2.2.1 
When tested in accordance with the test procedure in subparagraph 2.6.2.1b, the 
microphone shall have a frequency response which falls within the limits shown in Figure 
2-1. 
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2.6.2.1 b Frequency Response 
(1) Set up and calibrate the Artificial Voice and associated equipment, according to the 
manufacturer’s instructions. Set the output frequency at 1000 Hz and the SPL to 94 dB 
SPL re: 20 µPa 6 mm from the opening. 
(2) Connect the microphone to the electrical interface shown in Figure 2-3. Set the dc 
supply voltage to 8.0 V. Set any microphone amplifier gain controls at maximum gain. 
(3) Position the microphone 6 mm from the opening. 
(4) Operate a level recorder in tandem with the sine generator (automatic mode) and run 
a frequency response curve, or manually adjust the sine generator to frequencies of 350, 
500, 700, 1000, 1500, 2000, 2500, 3000, 4000, 5000, and 6000 Hz, reading the output in 
dB own audio-frequency voltmeter for each frequency. From this data, plot a curve of the 
frequency response of the microphone. 
 
Industry: 
It is important to understand that sound picked up via bone conducting technology has 
different frequency characteristics than sound picked up via airwaves. The sound is 
conducted differently through flesh and bone than through air. The bone conduction 
microphone is adjusted to compensate for this and so the frequency response curve is 
not the same as a traditional microphone system – if it was, the result would be 
unintelligible.  
Industry position is that the overall purpose of the test is to demonstrate a theoretical 
satisfactory intelligibility for a traditional microphone. The in-ear microphone fails to meet 
the criteria but as the intelligibility has demonstrated in the speech intelligibility test, we 
find the deviation from the frequency response test to be minor and without real influence 
in normal radio communication.  
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The failure to comply with the required microphone frequency response criteria will not 
influence the performance of other equipment and industry position is that for in-ear 
headsets the frequency response as provided in ISO/TR 4870, ANS/ S3.2-1989 shall be 
used and will not degrade the overall system performance. 
 
The microphone system has been subject to a speech intelligibility test to verify that the 
microphone fulfils the general requirements stated in RTCA DO-214. The following test 
set up was used: 


• The speaking (pilot) position was subjected to noise which was recorded on a 
Boeing 737NG en route from CPH to STU. The noisiest part of the recording was 
then played on loop (continuously) at the exact level that was measured in the 
real cockpit. 


• The listening position (ATC) was in the way a replica of the control centre at CPH 
airport. 


• The test was performed by the speaker reading and speaking one word every 
four seconds and the listener should then pick the correct word among four very 
similar words e.g. cool, pool, fool, school. 


The test objective was to reach a correct score of 80% as this is considered to be 
sufficient to understand a sentence (context). 
 
The aviation headset scored 93% and so passed the test with a considerable margin.  
 
The reference headset scored 97%. This score was achieved only in a setup where the 
microphone was positioned in a perfect position. This will not always be true in a “real 
life” situation. If the boom microphone is not positioned correctly (one centimeter offset), 
a headset with a boon microphone will suffer greatly and will get a significant lower result 
on the intelligibility test! Since the in-ear microphone is always placed in the exact same 
position, there should be no real difference between the perfect test setup and ‘real life’. 
 
It should also be noted that if the ambient noise level raises for any number of reasons 
e.g. a broken window, the in-ear microphone should not suffer in quality as the 
microphone is shielded from the ambient noise inside the user’s ear canal. A traditional 
boom microphone would on the other hand require the pilot to speak up significantly to 
obtain a readable signal-to-noise ratio and in all circumstances, the overall intelligibility 
will decrease. 
 
EASA: 
We accept the alternate means of compliance for in-ear microphones.  
 
 


ETSO-C58a#4 - Aircraft Microphones (Except Carbon) 
Deviate from RTCA DO-214 Section 2.2.11 and allow acoustical cross-talk from the 
Headset to Microphone for frequencies above 4.5 kHz up to a maximum signal of 9 dB 
mV at 6 kHz for in-ear systems with one active microphone. 
 
Requirement: 
DO-214 2.2.11 Headset / Handset Isolation 
When tested in accordance with subparagraph 2.6.2.10, at no frequency shall the output 
of the microphone circuit exceed 2.0 mV (6 dB re 1 mV). 
 
2.6.2.10 Isolation - Headsets and Handsets 
a. This test is performed on a complete headset or handset when either one includes 
both a microphone and one or more earphones mounted on the same mechanical 
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assembly. The test is performed on a complete unit mounted on a fixture to simulate "as 
used" condition. The earphone(s) acoustic output shall be mechanically sealed by the 
test fixture, so as to minimize the direct acoustic leakage between the earphone(s) and 
the microphone. Microphone booms and headbands shall not be restrained from 
vibration, and shall be adjusted to their fiftieth percentile length. 
 
b. Input and output signals for this test shall be applied and measured at the headset or 
handset electrical connector via a mating connector. This test shall include the connector 
and cable as normally supplied with the headset or handset. Any reasonable means shall 
be used to isolate the input/output signal on the instrumentation side of the mating 
connector, such as transformers or isolated grounds circuits. 
 
c. Connect the earphone circuit to a generator having a series resistor with a value in 
ohms equal to the rated impedance of the headset or handset under test. Adjust the 
output of the generator at 1000 Hz so that 10 mW is delivered to the earphone circuit. 
The internal impedance of the generator shall be less than one tenth of the value of the 
external resistor.  
d. Connect the microphone circuit as shown in Figure 2-3, and set the excitation voltage 
to 16 volts. As in b. above, the microphone circuit shall include the normal supplied 
headset or handset cable and connector, and mating connector. 
 
e. Without changing the generator output, apply a frequency sweeping sine wave signal 
to the earphone circuit between 350 Hz and 6000 Hz while observing the output of the 
microphone circuit. The sweep speed shall not be faster than one octave in five seconds. 
 
f. Repeat step e. above but with the phase of the headset driving signal reversed. 
 
Industry 
The test objective is to make sure there are no acoustical feedback between microphone 
and loudspeaker, which will result in a very high pitched noise being transmitted making 
communication completely un-intelligible.  
 
The in-ear system holds both, the microphone and the loudspeaker, in a very contained 
space inside the ear shells. Only one microphone is active at any given time, but both 
loudspeakers (one in each ear) are active at the same time. 
 
Because of the very short distance between the loudspeaker and the microphone, the 
headset does not comply to the test with the specified levels. This means that at the 
prescribed levels there is some acoustical coupling between the active microphone and 
the nearby speaker. The coupling does not result in a high pitched feed-back tone but it 
is measurable in the required test setup. 
 
On the other hand – with a microphone and a loudspeaker positioned so close together 
there was always the risk of acoustical coupling and so the in-ear headset is designed 
with an adjustable volume control for the loudspeaker in the ear where the microphone is 
active. This means that the pilot has the option to turn down listening volume in one ear 
and he is therefore in a position to eliminate any acoustical coupling leading to a high 
pitched feed-back tone. The procedure is described in the corresponding user manual 
section as follows: “If you hear an echo or a high-pitched noise (feed-back) when you 
activate the microphone, your volume is too high. Turn down the volume (either on the 
amplifier or on the panel) until the feed-back disappears”. 
 
With this built-in design functionality, we argue that we have addressed the issue in 
section 2.6.2.10 and that although the headset does not meet the technical requirements 
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any feed-back or acoustical coupling can be managed and eliminated by the pilot to 
sustain intelligibility and maintain optimal listening performance. 
 
EASA 
EASA accepts the alternate means of compliance for in-ear systems.  
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 Deviations requests #40 for an ETSO approval for CS-ETSO applicable to  
Airborne Systems for Non Required Telecommunication Services (In Non 


Aeronautical Frequency Bands) (ASNRT) (ETSO-2C514) 
Consultation Paper 


1. Introductory note 


The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 


“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


2. ETSO-2C514 - Airborne Systems for Non Required Telecommunication 
Services (In Non Aeronautical Frequency Bands) (ASNRT) 


 
ETSO-2C514#1 
Deviate from ETSO-2C514, 3.1.2 and use EUROCAE ED-14D change 3/RTCA DO-
160D change 3 instead of ED-14E/DO-160E as environmental test procedure. 
 
Industry: Considering the difference between EUROCAE ED-14D change 3 / RTCA DO-
160D change 3 and EUROCAE ED-14E/RTCA DO-160E industry has the opinion that 
the differences are not significant and that during installation it has to be assessed 
anyhow, if the equipment testing meets the expected conditions of the aircraft 
environment.  
 
The main differences the E and the D change 3 version are as follows: 
Section 4 Temperature and Altitude: A Short-Time Operating Low Temperature Test 


is introduced. 


Section 5  Temperature Variation: New categories S1 and S2 had been added. 


Section 6  Humidity: Tolerances have been specified 


Section 7  Operational Shocks and Crash Safety: Crash safety low frequency test case 
added, editorial changes 


Section 8 Vibration: High Level-Short Duration Vibration Test Categories Z added, S2, 
H2, R2, T, T2 removed. 


Section 9  Explosive Atmosphere: Fuel mixture rate calculation clarified. Editorial 
changes to provide clarification. 


Section 10 Waterproofness: Additional category Y for condensing water proofness. 


Section 11 Fluids Susceptibility: Applicable test fluid list extended. 


Section 12 Sand and Dust: New category S added. 


Section 13 Fungus Resistance: Explanations added. 


 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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Section 14 Salt Spray – Salt Fog: Title changed, category T added, Test procedure 
clarified with shorter exposure time for category S. 


Section 15 Magnetic Effect: Test procedure detailed.   


Section 16 Power Input: Order of paragraphs changed and reworded, DC category A 
simplified – sub categories deleted, For category A(WF) equipment the 
harmonic content is increased, New maximum DC waveform contend 
specified, Test cases added for Momentary Power Interruption test.  


Section 17 Voltage Spike: no change 


Section 18 Audio Frequency Conducted Susceptibility – Power Inputs: Introduction of 
category R instead of A and category K instead of J, some tolerances are 
higher. 


Section 19 Induced Signal Susceptibility: Subcategories have been defined for all 
categories. Definition of frequency scan rates and dwell times for the tests 
added.  


Section 20 Radio Frequency Susceptibility (Radiated and Conducted): Editorial 
changes and the test procedure and the corresponding setup are described 
more detailed.  


Section 21 Emission of Radio Frequency Energy: Editorial changes for clarification. 


Section 22 Lightning Induced Transient Susceptibility: Definition for Core Wire added 
and for Random Spacing removed. Test is specified in more detail. 


Section 23 Lightning Direct Effects: No changes 


Section 24 Icing: No changes 


Section 25 Electrostatic Discharge (ESD): No changes 


Section 26 Fire, Flammability: New section is added.   


It can be seen that in most cases the update is a natural evolution of the standard and is 
not introducing new requirements as in all cases there are possibilities to select 
categories allowing to show compliance without doing much retesting. For fire/ 
flammability testing in all relevant standards already exist a corresponding requirement 
but now fire / flammability testing is considered part of the environmental testing. In any 
case it has to be assessed during installation if the demonstrated categories meet the 
environmental conditions of the specific location selected.   
 
EASA: We accept the deviation. The applicant does not step back beyond the general 
environmental test procedures as defined in CS-ETSO subpart A requesting version D 
change 3 as environmental test procedure. For us it is important that the Electromagnetic 
Compatibility testing is using the extended frequency range as defined in section 20 from 
revision D change 3 and section 21 from revision D onwards to reflect the extension in 
the frequency use to higher frequencies and related potential interactions. 
 
ETSO-2C514#2 
Deviate from ETSO-2C514, Appendix 1, Chapter 4 and do not require the Electrostatic 
Discharge testing in accordance with EUROCAE ED-14E/RTCA DO-160E Section 25. 
 
Industry: The test procedure for Electrostatic Discharge Testing was first introduced with 
revision D of EUROCAE ED-14 / RTCA DO-160. As a consequence many equipment 
standards, which still reference ED-14C / DO-160C do not specify if the ESD test is 
need. It was assumed that the test is optional. This applies for the former national 
standard as well from which this ETSO has been developed. 
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The aim of the testing is to show immunity against air discharged electrostatic pulses 
applicable to elements – mainly connector pins – accessible during normal operation 
and/or maintenance tasks. The equipment has no connector, which is intended to be 
disconnected / connected during flight as part of the operation. Consequently the risk 
could apply only during maintenance task. After performing a maintenance task on the 
equipment it is expected to do a functional testing of the unit as part of the process. 
During that testing any potential malfunction would be detected. Even if not, this should 
not influence the safety of the aircraft as per definition this ETSO is only applicable to  
Non Required Telecommunication Services. 
 
The technology used in the equipment is not known to be ESD sensitive and no 
occurrence was reported which would indicated ESD sensitivity. 
 
EASA: We accept the deviation and do not require ED-14D/DO-160D Section 25 
Electrostatic Discharge (ESD) testing, in all cases where no access to electronic 
conductive elements, which are not connected to ground, is foreseen during normal 
operation. In all other cases this test is part of the demonstration of the intended function 
in accordance with CS-XX.1301. 
 
There may be good reasons for Industry to perform such testing for ease of maintenance 
procedures and to increase system reliability. EASA’s mission is focussed on safety. As 
long as the reliability of a design matches the safety requirements, compliance to the 
requirements is demonstrated. 
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Deviations request #43 for an ETSO approval for CS-ETSO applicable to  


Mode S transponder with ADS-B transmitter capability (ETSO-2C112b, C166a) 
Consultation Paper 


1. Introductory note 


The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 


“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


 
 


2. Air Traffic Control Radar Beacon System/Mode Select (ATCRBS/MODE S) 
Airborne Equipment 


ETSO-2C112b#4 
No means are provided to disable acquisition squitters when extended squitters are 
being emitted. 
 
Requirement 
EUROCAE ED-73B 3.21.2.6 c. 
Transponders equipped for extended squitter operation should have a means to disable 
acquisition squitters when extended squitters are being emitted. 


NOTE: This will facilitate the suppression of acquisition squitters when all ACAS 
units have been converted to receive the extended squitter. 


 
Industry 
We plan to comply with this provision by issuing a future software modification for the 
equipment when the regulatory guidance to do so has been issued. 
 
The means to disable the acquisition squitter is not made available at the system level. 
Access to this function is not implemented because inadvertent activation of such a 
function would render the aircraft "invisible" to TCAS.  
 
EASA 
ED-73B 1.5.1 
The use of the word SHOULD (and phrases such as "IT IS RECOMMENDED THAT ...", 
etc.) indicate that though the procedure or criterion is regarded as the preferred option, 
alternative procedures, specifications or criteria may be applied, provided that the 
manufacturer, installer or tester can provide information or data to adequately support 
and justify the alternative. 
 
EASA accepts the proposed alternative. The requirement is considered optional. 


 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 



http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf
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3. ETSO-C166a Extended Squitter Automatic Dependent Surveillance – 
Broadcast (ADS-B) and Traffic Information Services (TIS-B) Equipment 
Operating on the Radio Frequency of 1090 MHz 


ETSO-C166a#4 
When the latitude of the GPS position exceeds 87 degrees latitude North or South at any 
longitude (Polar Region), the ADS-B Transmitter shall encode the position as received 
from the GPS without extrapolating for latency or the required 200 ms updates. 


Requirement 
RTCA DO-260A, 2.2.3.2.3.7.3.1 Airborne Latitude Position Extrapolation Case (non-
precision): 
ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 or 21 (see 
§2.2.3.2.3.1) shall contain an estimate of the latitude position at a time of applicability 
that is within 200 milliseconds of the time that the Airborne Position Message is 
transmitted. Essentially, the original data and the encoded latitude shall be updated at 
least as frequently as every 200 milliseconds. 


DO-260A, 2.2.3.2.3.8.3.1 Airborne Longitude Position Extrapolation Case (non-
precision): 
ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 or 21 (see 
§2.2.3.2.3.1) shall contain an estimate of the longitude position at a time of applicability 
that is within 200 milliseconds of the time that the Airborne Position Message is 
transmitted. Essentially, the original data and the encoded longitude shall be updated at 
least as frequently as every 200 milliseconds. 


DO-260A, 2.2.3.2.4.7.3.1 Surface Latitude Position Extrapolation Case (non-precision): 
ADS-B Surface Position Messages with TYPE Codes other than 5 or 6 (see §2.2.3.2.3.1) 
shall contain an estimate of the latitude position at a time of applicability that is within 200 
milliseconds of the time that the Surface Position Message is transmitted. Essentially, the 
original data and the encoded latitude shall be updated at least as frequently as every 
200 milliseconds. 


DO-260A, 2.2.3.2.4.8.3.1 Surface Longitude Position Extrapolation Case (non-precision): 
ADS-B Surface Position Messages with TYPE Codes other than 5 or 6 (see §2.2.3.2.3.1) 
shall contain an estimate of the longitude position at a time of applicability that is within 
200 milliseconds of the time that the Surface Position Message is transmitted. 
Essentially, the original data and the encoded longitude shall be updated at least as 
frequently as every 200 milliseconds. 


Industry: 
In Polar Regions the required position estimation is not performed. Consequently the 200 
ms position latency criteria is not met for the transmitted position. The ADS-B Transmitter 
will inflate the NACp as described below to reflect the reduced position accuracy caused 
by this deviation. The equivalent level of safety is provided by the fact that instead of 
correcting the position a higher position error is accepted at the time of position 
transmission and the NACp is set to 6 to indicate the reduced position accuracy. 
 
In the anticipated installation scenario up to four GPS sensors may provide input.  The 
worst case total latency of all of these sensors from the Time of Applicability of the 
position information to the Time of Transmission is 1.2 seconds. The maximum cruise 
speed of our fastest anticipated installation occurs on the Citation X and is 973 km/h, or 
270 m/s. If we simply encode the GPS position without extrapolation, the along track 
displacement due to Total Latency will be 1.2 seconds times 270 m/s, or 324 meters. 
 
This is greater than the NACp = 7 boundary of 185.2 meters. It is less than the NACp = 6 
boundary of 555.6 meters. 


Comment [BJO1]: What is the 
deviation for? Is it not complying 
with the 200 millisecond 
requirement? If please state this 
and the proposal is to have a 
NACp of 6 as an EOS 
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Although this along track displacement could push the actual HFOM over the next 
closest boundary, industry believes that effect is negligible in en-route applications. By 
limiting the NACp to 6 in the Polar Regions, industry believes that this will prevent the 
aircraft from participating in more stringent applications where the uncompensated 
latency could have an undesirable effect on the performance of the application. 
 
EUROCAE ED-126/RTCA DO-303, "Safety, Performance and Interoperability 
Requirements Document for the ADS-B Non-Radar-Airspace (NRA) Application", 
December 13, 2006, Table 2 states "For 3 NM separation, the 95% accuracy of the 
horizontal position measured at D [time of transmission] shall be less than 0.3 NM (i.e., 
NACp ≥ 6)". The transmitted NACp value will meet this requirement in the Polar Regions. 
 
EASA: The Error of the GPS sensor can be assumed to be less than 200 meter = 0.124 
NM (ED-72A 3.2.3.1, 95% probability). If sending NACp = 6 (position uncertainty 
boundary ≤ 555.6 meter) this leaves approximately 355 meter for additional latency 
compensation. We accept the deviation under the condition that the combination of 
maximum Ground Speed and maximum latency is provided as limitation in the 
installation manual. Further it has to be mentioned how the installed system latency has 
to be calculated. Please take into account that Ground Speed and not Indicated Air 
Speed is provided. As consequence the mentioned 973 km/h is not the fastest Ground 
Speed, which can be expected, potential influences from altitude (air density) and wind 
have to be considered as well. Alternately the maximum ground speed for a given 
configuration may be provided as limitation. This limitation may drive the need for further 
warning systems onboard aircraft.   
 
Further we like to point out that the equipment will not meet the more stringent 
requirements for other ADS-B applications like ADS-B RAD as defined in the Safety, 
Performance and Interoperability Requirements Document for Enhanced Air Traffic 
Services in Radar-Controlled Areas Using ADS-B Surveillance (ADS-B-RAD) ED-
161/DO-318. For such application the allowed installed system latency is less.  
 


ETSO-C166a#5 
Implement the "TEST' Message with SUBTYPE=7, without a geographic filter. 


Requirement 
ETSO-C166a specifies compliance to RTCA DO-260A with Change No. 1 and Change 
No. 2. DO-260A section 2.2.3.2.7.3.2.1 states: 
Provision shall be made for a global parameter to control the transmission of the “TEST” 
Message with SUBTYPE=7. 


This parameter shall specify one of the following conditions: 
a. Inhibit transmission of the "TEST” Message with SUBTYPE=7 
b. Enable transmission of the "TEST" Message with SUBTYPE=7 
c. Enable transmission of the "TEST” Message with SUBTYPE=7 with a geographic filter 
(§2.2.3.2.7.3.2.2) 
For this version of these MOPS, the parameter shall be set as specified in subparagraph 
c, above." 


Industry: Since the publication of DO-260A, several countries have indicated a desire to 
have the ''TEST' Message with SUBTYPE=7 broadcast. The geographic filter cannot be 
enabled for this to occur. The FAA, AIR-130, sent a letter to manufacturers (see 
Appendix A) informing industry to remove the geographic filter as it is planned to be 
removed from a future release of DO-260A. 
 


Comment [BJO2]: I have seen 
this argument before and I am not 
that happy with it although it is 
valid. Appling a ground speed 
limitation to an aircraft when the 
displays and warning are based on 
airspeed is potential problem.  







EASA: We agree to the deviation. In the final draft of DO-260B the concept how and 
when to transmit Mode A code has changed.  
 
 
 
APPENDIX A: FAA Letter 
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Deviations requests #52 for an ETSO approval for CS-ETSO applicable to  


Headsets, Speakers and Aircraft Microphones (ETSO-C57a, C58a) 
Consultation Paper 


 


Introductory note 


The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 


“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


 


ETSO-C57a – Headsets and Speakers 


ETSO-C57a#7 – Headsets and Speakers 


Deviate from RTCA DO-214 2.3.3.1 and provide a higher Sound Pressure Level (SPL) of 
90 -5/+18 dB instead of 90 +/- 5 dB SPL (re: 20 µPa) out of 1 mW (RMS) input signal.  


Industry: 


It has been accepted by EASA as deviation to ETSO-C58a using RTCA DO-214 as the 
Minimum Operational Performance Standard (Deviation publication ETSO-C58a#1). 
 
To allow better harmonisation with the used side tone adjustments industry has received 
demands from operators to increase the output sound pressure to values above 95 dB 
(re: 20 µPa) when providing 1 mW (RMS) to the headset or handset. Today technology 
allows providing higher sound pressure levels out of 1 mW (RMS) without producing 
distortions.  
 
A volume control is allowed to meet that requirement. Not in all cases a volume control at 
the headset or handset is practicable and there is demand designing headsets or 
handsets without internal volume control function. A volume control is provided at the 
intercom control unit in most cases. Adding resistors would be requested to meet the 
requirement by artificially reducing the efficiency of the unit. The user does not accept 
this fixed reduction as he considers the headset / handset to be muted.   
 
The user likes a system providing more loudness without increasing the amplifier 
adjustments. This can be reached by providing greater SPL values than 95 dB (re: 20 
µPa) per 1 mW of input signal. Instead of requesting an internal (adjustable) volume 
control it should be allowed to use a higher range for the Sound Pressure Level 
produced out of 1 mW (RMS). The original requirement does not specify a dedicated 
maximum value as a volume control may be used. The original requirement is already 
ambiguous. 
 


                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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The user may use the loudness control function provided in the intercom or in case of the 
handset by using a greater distance between handset and ear to receive the same 
loudness as previously. The main advantage is the higher efficiency of the headset / 
handset.  
 
In consequence the system is able to provide a higher maximum SPL level at maximum 
input. To avoid damage to the ear, a limitation to maximum 125 dBA is implemented in 
the headset / handset, which works independent from the provided input power.  
 
Equivalent Level of Safety is provided by delivering more loudness in reference to the 
same input signal and by limiting the absolute generated pressure. The generated sound 
levels are equivalent to those generated by a system having an integrated volume 
control.  


EASA 


We accept the deviation provided sufficient protection against the hearing damage risk is 
provided. Substantiation is requested from each applicant for this deviation in respect to 
the means in place limiting the hearing damage risk.  


ETSO-C57a#8 – Headsets and Speakers 


Deviate from RTCA DO-214 2.3.2.1 and measure the Distortion criteria using an input 
signal of 10 mW (RMS) generating a sound pressure level of at least 110 dB (re: 20 µPa) 
instead of measuring the Distortion with a sound pressure level of 110 dB (re: 20 µPa) 


Industry: 


It has been accepted by EASA as deviation to ETSO-C58a using RTCA DO-214 as the 
Minimum Operational Performance Standard (Deviation publication ETSO-C58a#1). 
 
When using deviation ETSO-C57a#7 to RTCA DO-214 2.3.3.1 and designing a more 
effective headset being able providing a higher Sound Pressure Level (SPL) of more 
than 90 +/- 5 dB SPL (re: 20 µPa) out of 1 mW (RMS) input signal the Distortion test 
criteria has to be adopted as well.  
 
In general the distortion test is performed with 10 mW (RMS) input generating the 
requested 110 dB (re: 20 µPA) sound pressure level. This is an operation under typical 
load conditions. In case the system is more effective and able to generate higher sound 
pressure levels than requested out of 1 mW the distortion measurements shall be 
performed at 10 mW input signal as well generating higher sound pressure levels than 
required. The reason is that the unit is operated under the same load conditions – 10 
mW input signal – when performing the distortion test.  
 
Equivalent Level of Safety is provided by using the same input signal conditions than the 
original test condition requested leading to a higher sound pressure level for the test. 
Consequently the test is considered more severe.  


EASA 


We reject the deviation. The original test condition shall be used defining a sound 
pressure level for the test which is considered to be the one used under typical 
operational conditions. The use of an input power defining the test condition will not 
produce comparable results, as the speaker devices may have differences in their 
efficiency. If designing the efficiency to the extreme the generated sound pressure level 
for this test could become already dangerous for the ear. Further, it is not defined in the 
original requirement if the input level is increased or the potential available volume 
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control is adjusted to reach the request sound pressure level. The potential available 
volume control could be set to a value producing less sound pressure level as required. 
Aim is to have a limited distortion over the frequency at a typical volume defined by the 
sound pressure level.  


 


ETSO-C58a – Aircraft Microphones (Except Carbon) 


ETSO-C58a#6 – Aircraft Microphones (Except Carbon) 


Deviate from RTCA DO-214 Test procedures as detailed in 2.6.2.1, 2.6.2.3, and 2.6.2.5 
and use a supply voltage of 12 to 16 VDC instead of 8 to 16 VDC for handsets.  


Industry: 


It has been accepted by EASA as deviation to ETSO-C58a using RTCA DO-214 as the 
Minimum Operational Performance Standard (Deviation publication ETSO-C58a#1). DO-
214 provides in section 2.6 test procedures for aircraft microphones. The supply voltage 
for the microphone is provided using a dedicated electrical interface as the audio signal 
and the DC power supply share one line.  


Instead of 8 to 16 VDC a supply voltage of 12 to 16 VDC shall be used for testing.  


The limitation in respect to the low voltage supply allows the use of more complex 
internal designs for the additional specific functionality integrated into the handset.  


2.6.1.e already allows using different test procedures and equipment in case equivalent 
information can be gathered.  


It has to be understood when assessing the deviation request that the handset is used 
for intercom functions within the aircraft cabin - the communication between cabin crew, 
cockpit crew including the possibilities for announcements to the passengers. The 
system is not used for radio communication and especially not for radio communication 
in an emergency mode having potentially reduced intercom functionality - during the 
emergency mode the cockpit microphone may directly be connected to the radio 
bypassing the intercom. Installation instruction ensure that the handset is always 
connected to an intercom providing sufficient supply voltage on the microphone line 
ensuring proper operation of the unit under defined conditions.  


This deviation has been accepted in the past for headsets and no occurrence report 
indicates a problem with the modified supply voltage for the handset microphone.  


Further it has to be considered that this requirement is provided only in the test 
procedure section and not in the requirement section. The test procedures reflect a 
technology at time of standard development - 1993. As the technology may change the 
test setup may need to be adopted as well. We consider that this is the case for the 
handset as the current technology provides more functionality like a counterpart selection 
function and display backlight compared to the original pure microphone function. As all 
other microphone performance is kept and modern technology is able providing the 
needed supply voltage in the aircraft we consider that an equal level of safety is provided 
as long as the requested supply voltage requirements are clearly stated in the installation 
manual and allow for some degradation due to cable length.   


EASA 


We accept the deviation provided clear installation instructions are provided.  
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ETSO-C58a#7 – Aircraft Microphones (Except Carbon) 


Deviate from RTCA DO-214 2.2.9 and allow a lower Push to Talk switch current of 0.5 A 
instead of 1A and a higher switch contact resistance of 400 mOhm instead of 50 mOhm 
for Handsets.  


Industry: 


It has been accepted by EASA as deviation to ETSO-C58a using RTCA DO-214 as the 
Minimum Operational Performance Standard (Deviation publication ETSO-C58a#1). The 
Push to Talk (PTT) switch requirements are defined in 2.2.9. 


The communication systems installed in modern aircraft have significantly lower PTT 
currents than 1A and higher contact resistors are acceptable to the systems. To allow a 
smaller size of the contact the PTT current has been limited to 0.5 A and a higher switch 
resistor of 400 mOhm can be accepted.  


The equal level of safety is ensured by highlighting the interface definition in the 
installation instruction. The installer has to take care anyhow, that the PTT switch and the 
PTT line requirements are matching. The handset is a fixed installed device and has less 
possibilities of interchanging than a mobile PTT switch e.g. integrated into a headset or 
microphone. Further the communication is performed mainly inside the aircraft and no 
operation of radios is expected to be performed by the handset. Consequently the 
interface from the handset is provided only to the intercom system and not directly to a 
radio. 


The increase in switch resistor by maximum 350 mOhm equals to additional 11 meter 
cable length considering the use of AWG 20 wire having a typical resistor of 33 mOhm 
per meter. This shows that the increased resistor is well within the conditions the 
designer for an intercom is facing anyhow due to cable resistance.  


EASA: 


EASA is accepting the change of the interface specification for the PTT switch under the 
following conditions: 


 A clear limitation is provided in the Declaration of Design and Performance and 
the installation instruction, which limit the connection to compatible systems only. 


 The interface concerns a fixed installed unit like the handset and not mobile 
equipment like headsets or hand-microphones. 


 The unit is not used for the emergency operation of radios. 








  
Deviation request #66 TBD for an ETSO approval for CS-ETSO applicable to  


ETSO-C52b for Flight Directors 
Consultation Paper 


1. Introductory note 


The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-20041 products certification 
procedure dated 30 March 2004, Article 3 (2.) of which states: 


“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


2. ETSO-C52b for Flight Directors 


Deviate from ETSO-C52B §3.1.1 which is based on SAE AS8008 (Flight Director 
Equipment) which requires in its §3.5 (a) the continuous display of selected heading (If 
applicable). 
 
 
Requirement:  


Deviate from SAE AS8008 §3.5 (a) Heading Selector - Means shall be provided to permit 
setting the desired heading into the Flight Director Equipment. The indication of the 
heading selected shall be continuously displayed. 


 


Industry: 


The intent of SAE AS8008 §3.5 (a) requirement is that the crew is aware of the selected 
heading the flight director will target when heading hold mode is engaged. 


It should be noted that the equipment is designed for installation with integrated 
electronic indicator.  


The equipment outputs a valid selected heading for display only when heading hold flight 
director mode is engaged. It is removed when the heading hold flight director mode is 
disengaged. 


However, the equipment permit the crew to pre-select the heading target before 
engaging the heading hold mode.  


In such a case, the equipment will output a valid pre-selected heading for display as 
soon as the crew have turned the heading selection knob. This pre-selected heading will 
then be permanently displayed until the heading hold mode is engaged by the crew. 
Following this action, the selected heading is output as valid by the equipment.  


                                                 
1 Cf. EASA Web: http://www.easa.europa.eu/ws_prod/g/doc/About_EASA/Manag_Board/2004/mb_decision_0704.pdf 
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This feature is also available when the heading hold flight director mode is already 
engaged. In such a case, the pre-selected heading can be set by the crew and upon 
crew selection on a dedicated push-button, the pre-selected heading is transferred to the 
selected heading. 


If no pre-selected heading has been set and that the crew engage the heading hold flight 
director mode, the selected heading will be set to the current heading at engagement. 


In case of automatic heading hold flight director mode engagement (Go Around, 
Departure and SAR approach 1 modes), the selected heading is also reset to the current 
heading (disregarding pre-selected heading) to be consistent with commonly agreed 
procedures and avoid a dangerous turn. 


In case of pre-selected heading control panel failure, no pre-selected heading can be set 
or modified. If the crew has not selected a heading before the failure, the selected 
heading at engagement will be limited to current heading. If the crew has selected a 
heading before the failure, the selected heading at engagement will keep this value. 


As a result, it can be considered that an Equivalent Level Of Safety is provided as the 
intent of SAE AS8008 §3.5 (a) requirement is met: 


- by the display of selected heading when heading hold flight director mode is 
engaged,  


- by the display of pre-selected heading upon crew selection before engagement,  


- and by the selected heading being set to the actual heading and displayed when 
pre-selected heading cannot or should not be used (no previous selection from the crew, 
automatic modes requiring holding current heading for a safe flight path). 


EASA: This product is partial since it has to be interfaced with an integrated electronic 
indicator in order to implement all the requirements of ETSO-C52b. The “heading 
selector” requirement is provided by this system. Therefore, the related requirement of 
continuous display of the heading selected is also applicable.  


The selected heading on the heading selector is not continuously displayed by the 
integrated electronic indicator because the selected heading does not always correspond 
to the value selected from the heading selector. In this implementation, the selected 
heading corresponds to the value which is subsequently used to maintain a heading. The 
flight crew would have to check the selected heading when actually using it or re-select it 
with the heading selector before using it. Not displaying the “selected heading” from the 
heading selector and substituting it by the actual heading when the data is not valid 
would be acceptable if the flight crew had a human factor cue indicating the failure.  


The assessment of this specific human factor implementation can only be performed at 
the installation level and cannot be assessed in isolation at the ETSO level. This 
deviation would consist in not implementing completely a requirement and compensating 
it by filling a deviation with a limitation to a specific installation such as “for installation on 
XXX only”. The acceptability of the limitation could only be determined by the 
assessment of the cockpit installation. 


Therefore, we do not recommend accepting such a deviation in the ETSO scope since 
there is no alternate means to meet the requirement in the ETSO scope. The 
assessment of the suitability of the selected heading logic must be assessed in the 
scope of the cockpit. 
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 Deviation request #68 for an ETSO approval for CS-ETSO applicable to  
Anticollision Light Systems (ETSO- C96a) 


Consultation Paper 


Introductory note 


The hereby presented deviation request shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-2004 as amended by EASA 
Management Board Decision No 12-20071 products certification procedure dated 11. 
September 2007, Article 3 (2.) of which states: 


“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


ETSO-C96a#2 – Anticollision Light Systems 


Deviate from SAE AS 8017A or AS 8017B section 3.2.2 and do not provide a effective 
light intensity of 20 Candelas or more at angles of 30° to 75° above or below the 
horizontal plane for Class II (Fixed Wing Aircraft) Anticollision Lights. 


Requirement: 


SAE AS 8017A (SAE AS 8017B) section 3.2.2:  
Minimum Effective Intensity: The system must provide effective intensity equal to or 
exceeding the values shown in the following table: 


Angle above or below 
the horizontal plane 


Effective Intensity
(Candelas) 


 0° -  5° 400 
 5° - 10° 240 
10° - 20°   80 
20° - 30° 40 
30° - 75° 20 


Industry: 


The installation of equipment having the requested deviation will be limited to aircraft 
having a position light with similar radiation characteristics.  


The requirement to distribute light in the range from 30° to 75° above or below the 
horizontal plane has been introduced initially with FAR 25.1401 amendment 25-41 
effective from 1. September 1977 and applicable in Europe since JAR 25.1401 change 3, 
dated 31. December 1976 onwards and still reflected in the current CS-25.1401 today at 
amendment 11. 


Today there are still a sufficient number of aircraft in service having a certification basis 
before FAR 25-41 e.g. the Boeing Model 747-200B (ref: A20WE) not meeting the current 
position light requirements but looking for replacement of the position light source by 
using modern LED technology instead of a rotary beacon. On aircraft level 21A.101 (b) 
and the corresponding 14CFR § 21.101 (b) allows to use the earlier amendment of the 
                                                 
1 ) http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-
2007%20amending%20the%20certification%20procedure.pdf  



http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-2007%20amending%20the%20certification%20procedure.pdf

http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-2007%20amending%20the%20certification%20procedure.pdf





airworthiness code in case the change is not significant and the replacement of the 
Anticollision Light is considered a non significant change using the criteria of 21A.101 
including the corresponding guidance material. On aircraft level this would allow using a 
modern Anticollision Light without providing light at vertical angles of more than 30° 
above or below the horizontal plane.  


In the concert case, for which the deviation is asked for, only the light source is intended 
to be changed while the flange assembly and the lens shall be maintained unchanged. 
Because of the direct replacement and maintained lens assembly, the lens cover shields 
the light source for vertical angles over 30 degrees independent from the light source 
design. The new anti collision light can’t meet the light requirements according the actual 
ETSO-C96a, FAA TSO-C96a and CS/FAR 25.1401 (b) field of coverage (provides only 
30° vertical distribution instead of 75°). See Figure 1 and 2. 


 
Figure 1: Maintained parts Figure 2: New Anti Collision Light with 
 maintained parts 


Equivalent level of safety is provided by limiting the installation for the unit to aircraft 
model Boeing 747-200B in the installation manual and the DDP having different 
Anticollision Light requirements than defined in ETSO-C96a without this deviation. 


EASA: 


In principle we agree that it would be possible to certify the described design as part of 
the dedicated aircraft model using the provisions of 21A.101 (b) without setting 
precedence for the assessment of such application.  


On the other hand 21A.101 (a) requires as a first principle to use the airworthiness code 
applicable at the date of application to design the change. The special provisions of 
21A.101 (b) may not be used to substantiate an equal level of safety. Those provisions 
are intended to avoid undue burden to modifiers of already existing design but can not be 
used to substantiate an equal level of safety of outdated requirements as the new 
requirements have be introduced to increase the level of safety. Consequently we reject 
the requested deviation to ETSO-C96a Class II requirements.  


It would easily be possible to modify the lens as well to meet the current requirements.  


The safety related aspects of the proposed deviation have not been discussed at all. 


The equipment could be certified to ETSO-C96a Class I or Class III not having a light 
distribution requirement above/below 30° and higher light intensities than required by that 
standards but requested by FAR 25.1401 Amdt. 25-27 could be demonstrated. 


The requested deviation is rejected. 
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Deviations request #72 for an ETSO approval for CS-ETSO applicable to  
Complex Electronic Hardware (CS-ETSO Subpart A 2.3) 


Consultation Paper 


1. Introductory note 


The hereby presented deviation request shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-2004 as amended by EASA 
Management Board Decision No 12-20071 products certification procedure dated 11. 
September 2007, Article 3 (2.) of which states: 


“Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


 


2. ETSO-A.2.3#1  – Electronic Hardware 


Deviate from CS-ETSO Subpart A 2.3 and use an ASIC being designed before 
EUROCAE ED-80/RTCA DO-254 had been published without having the necessary 
documentation of the design process available but having positive in service experience. 
 
Requirement: 
CS-ETSO Subpart A 2.3: 
If the article contains a complex Application-Specific Integrated Circuit (ASIC) or complex 
programmable logic (e.g. Programmable Array Logic components (PAL), Field-
Programmable Gate Array components (FPGA), General Array Logic components 
(GAL), or Erasable Programmable Logic Devices) summarised as Complex Hardware to 
accomplish the function, develop the component according to EUROCAE/RTCA 
document ED-80/DO-254 “Design Assurance Guidance for Airborne Electronic 
Hardware”, dated April 2000. All Complex Hardware included in the article definition 
must be developed in accordance with EUROCAE/RTCA document ED-80/DO-254. 
 
Additional Note: 
Further interpretative guidance to this requirement is given in the EASA Certification 
Memorandum, EASA CM-SWCEH-0012, Development Assurance of Airborne Electronic 
Hardware. 
 
Industry: 
We like to continue using an ASIC being developed before the existence of ED-80/  
DO-254, which is already in use in various equipment certified for installation on aircraft 
and for which we do have positive service experience but no documentation exists for 
the design process, as required for the ED-80/DO-254 design process compliance 
demonstration. 
 


                                                 
1
 ) http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-


2007%20amending%20the%20certification%20procedure.pdf  
2
 ) http://easa.europa.eu/certification/docs/certification-memorandum/EASA%20CM-SWCEH-


001%20Development%20Assurance%20of%20Airborne%20Electronic%20Hardware.pdf  



http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-2007%20amending%20the%20certification%20procedure.pdf

http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-2007%20amending%20the%20certification%20procedure.pdf

http://easa.europa.eu/certification/docs/certification-memorandum/EASA%20CM-SWCEH-001%20Development%20Assurance%20of%20Airborne%20Electronic%20Hardware.pdf

http://easa.europa.eu/certification/docs/certification-memorandum/EASA%20CM-SWCEH-001%20Development%20Assurance%20of%20Airborne%20Electronic%20Hardware.pdf
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EASA:  
Already ED-80/DO-254 in section 11.1 addresses a way how to deal with previously 
developed hardware. As no modification is done to the design of the ASIC, the guidance 
related to the upgrade of the design base line is not applicable but the guidance as given 
for Commercial of the Shelf (COTS) complex hardware is fully applicable, even if the 
original design had not been done by an external party and is commercially not available. 
Detailed guidance for the aspects to be considered is given in ED-80/DO-254 section 
11.2 and 11.3.  
 
In section 9 of the EASA CM-SWCEH-001, Guidelines for Commercial Off-The-Shelf 
Digital Airborne Electronic Hardware Components, we provide further guidelines on the 
expected activities and our acceptance criteria.  
 
As we see no need to handle an external bought part differently from an internal 
available one, were the development had been finalised in the past, the COTS guidelines 
are applicable to those existing devices as well.  
To avoid misinterpretation, it should be clearly understood that this approach can not be 
used for a new developed device as the required service experience, applicable to the 
current design, can not be demonstrated.  
 
The deviation is rejected as the issue can be handled within the given frame of the 
complex hardware review activities and sufficient guidance is available how to deal with 
the issue. The issue need to be addressed properly in the PHAC and the HAS and 
compliance demonstration against section 9 of the EASA CM-SWCEH-001 is expected 
as well within the provided data package. 
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Deviations request #73 for an ETSO approval for CS-ETSO applicable to  
Aircraft Position Lights (ETSO-C30c) 


Consultation Paper 


1. Introductory note 


The hereby presented deviation request shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-2004 as amended by EASA 
Management Board Decision No 12-20071 products certification procedure dated 11. 
September 2007, Article 3 (2.) of which states: 


“Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


 


2. ETSO-C30c#2 – Aircraft Position Lights 


Deviate from SAE AS 8037(or AS 8037A) 4.2.7 and allow the use other test categories 
than A for the Explosion Proofness test in accordance with section 9 of EUROCAE ED-


14( )/RTCA DO-160( ). 


 
Requirement: 
SAE AS 80374.2.7 Explosive Atmosphere: Systems which are to be marked explosion-
proof Category A must be tested in accordance with DO-160B. The equipment should 
operate in the presence of an explosive atmosphere without creating an explosion and 
should contain any explosion occurring inside the equipment. 
 
Industry: 
Especially for equipment having no closed volume the test to category A cannot be 
performed as that test demands to perform an explosion inside the volume which does 
not allow an ignition outside the unit. In the specific case the unit does not contain any 
internal volume in which an ignition could be performed because the complete internal 
volume is filled with material leaving no space for any gas to be ignited.  
 
In other cases the installation location for the position lights are far away from the areas 
with flammable fluids or vapours or the location is sufficiently vented that there is no 
need to demonstrate Explosion Proofness to category A. The general requirement to 
demonstrate to category A and not allow any other category seems not to be adequate. 
The proper selection of the category for the specific installation will be verified during the 
installation project anyhow. 
 
EASA:  
It has to be noted that the requirement itself contains a condition to perform the test only 
in case the system is intended to be marked with explosion-proof category A. This 
requirement already has the provision not to mark the system as explosion-proof 
category A.  


                                                 
1
 ) http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-


2007%20amending%20the%20certification%20procedure.pdf  



http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-2007%20amending%20the%20certification%20procedure.pdf

http://easa.europa.eu/management-board/meetings/2007/04/MB%20Decision%2012-2007%20amending%20the%20certification%20procedure.pdf
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The same conditional requirement is applicable to Sand and Dust, Fungus Resistance, 
and Salt Spray testing while no such condition is applicable to the Temperature and 
Altitude, Humidity, Vibration, or Thermal Shock tests, which need to be performed. The 
standard does not define any category for those tests, which need to be performed, and 
leaves it to the applicant to select an appropriate test category, which is assumed to 
meet the installation requirements.  
 
The requirement as given can be met by not marking / declaring the system as 
explosion-proof category A compliant but e.g. category X – no test performed. A similar 
approach to mark some test as optional is performed in other standards as well often by 
using a phrase like ‘if required’ or by directly stating that the test is optional. Those 
optional tests are included in the environmental testing section to have defined test 
criteria and test procedures for all environmental tests and not to leave it to the individual 
applicant to suggest criteria and procedure in case the test is needed for a specific 
installation environment.  
 
We reject the deviation request as the requirement itself already contains the provision 
not to test to category A but to any other category including X - no test performed. 
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Deviations request #80 for an ETSO approval for CS-ETSO applicable to  
Airborne Navigation Sensors Using the Global Positioning System Augmented by 


the Satellite Based Augmentation System (CS-ETSO C145C) & Stand alone 
airborne navigation equipment using the Global Positioning System augmented by 


the satellite based augmentation system (CS-ETSO C146C) 
Consultation Paper 


1. Introductory note 


The hereby presented deviation requests shall be subject to public consultation, in 
accordance with EASA Management Board Decision No 7-2004 as amended by EASA 
Management Board Decision No 12-20071 products certification procedure dated 11th 
September 2007, Article 3 (2.) of which states: 


“2. Deviations from the applicable airworthiness codes, environmental protection 
certification specifications and/or acceptable means of compliance with Part 21, as well 
as important special conditions and equivalent safety findings, shall be submitted to the 
panel of experts and be subject to a public consultation of at least 3 weeks, except if they 
have been previously agreed and published in the Official Publication of the Agency. The 
final decision shall be published in the Official Publication of the Agency.” 


2. ETSO-C145C#2 & ETSO-C146C#1 (Airborne Navigation Sensors Using The 
Global Positioning System Augmented By The Satellite Based 
Augmentation System) 


 
Identification of Issue:  


An applicant discusses with EASA a deviation request against ETSO-C145C/ETSO-
C146c for a GPS SBAS/LPV receiver related to RTCA DO-229D §2.1.1.3.3 “SBAS 
Satellite Pseudorange Determination”. 


GPS: Global Positioning System 
SBAS: Satellite-based augmentation system 
LPV: Localizer Performance with Vertical Guidance 


Requirements:  


As per RTCA DO-229D: 


 


                                                 
1 Cf. EASA Web: http://easa.europa.eu/management-board/docs/management-board-


meetings/2007/04/MB%20Decision%2012-2007%20amending%20the%20certification%20procedure.pdf  



http://easa.europa.eu/management-board/docs/management-board-meetings/2007/04/MB%20Decision%2012-2007%20amending%20the%20certification%20procedure.pdf

http://easa.europa.eu/management-board/docs/management-board-meetings/2007/04/MB%20Decision%2012-2007%20amending%20the%20certification%20procedure.pdf
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Industry: 


The applicable class for the GPS SBAS/LPV receiver equipment is beta 3 / delta 4. 
RTCA DO-229D defines for such equipment classes requirements for En Route / 
Terminal, LNAV, LNAV/VNAV and LP/LPV operations. As required by RTCA DO-229D, 
the GPS SBAS/LPV receiver demodulates and tracks properly the SBAS signal, and 
uses the SBAS navigation data (corrections, integrity data) provided by GEO satellites to 
improve its performances. However the pseudoranges to SBAS satellites are not 
computed and are therefore not used in the GPS SBAS/LPV receiver position 
computation.  
 
As a consequence, the GPS SBAS/LPV receiver equipment deviates from the following 
requirements from RTCA DO-229D:  
 


 


 
 


 
 


 


 


 
§2.1.2.2.2.2, 2.1.3.2.2.2 and §2.1.4.2.2.2 are the same requirements as §2.1.5.2.2.2, but 
for different operations: §2.1.2.2.2.2 corresponds to En Route and Terminal Mode, 
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2.1.3.2.2.2 corresponds to LNAV, §2.1.4.2.2.2 corresponds to LNAV/VNAV and 
§2.1.5.2.2.2 corresponds to LPV and LP Approach Operations. 


DO-229D requirements §2.1.5.5.2 ”SBAS Tracking Constraints” and §2.1.5.11 “Satellite 
Selection” are met. 


Preamble: 


The GPS SBAS/LPV receiver does not use pseudoranges to SBAS satellites in the 
position computation, but it has a higher tracking capability compared with the minimum 
required tracking capability of RTCA DO-229D §2.1.2.4, which states that the equipment 
shall have the capability to track simultaneously a minimum of 8 satellites (either 8 GPS 
satellites or 6 GPS satellites and 2 SBAS satellites). As a matter of fact, the GPS 
SBAS/LPV receiver is able to track simultaneously for data and ranging up to 10 GPS 
satellites, while additionally decoding the data (without ranging) from 2 SBAS GEO 
satellites. 


Integrity impact: 


As long as the protection levels (HPL, VPL) are bounded, the integrity service is ensured 
whatever the selection of ranging measurements among the satellites in-view (GPS 
and/or GEO).  


Integrity is therefore not impacted by the fact that the equipment does not use GEO 
ranging. 


Availability and continuity impact: 


Availability and continuity performances over the CONUS (WAAS zone 1) are usually 
better with the GPS SBAS/LPV receiver (tracking of up to 10 GPS satellites) than with a 
receiver configuration, which complies with the minimum MOPS requirements (tracking 
of up to 8 satellites, including 2 GEOs). 


Equivalent Level of Safety (ELOS) when GEO ranging is provided by the SBAS Service 
Provider: 


DO-229D requirements §2.1.2.2.2.2, 2.1.3.2.2.2, 2.1.4.2.2.2 and §2.1.5.2.2.2 “FDE- 
Provided Integrity Monitoring”: As described in §2.1.1.6, since SBAS GEO ranging 
measurements are not computed and not used for the position computation, GEO 
ranging shall not be used in the FDE.  


DO-229D requirement §2.1.1.8.2 “SBAS Satellite Acquisition Time”: the GPS SBAS/LPV 
receiver is capable of acquiring a new SBAS satellite signal and applying the SBAS 
integrity information within 134s. It does not incorporate that satellite signal into the 
position solution.  
 
DO-229D requirement §2.1.4.1.5 “SBAS satellites”: as SBAS ranging measurements are 
neither computed nor used for the position computation, this requirement is not relevant 
for the GPS SBAS/LPV receiver. 


DO-229D requirement §2.1.1.3.3 “SBAS satellite pseudorange determination” and 
2.1.1.6 “Satellite selection”: 


To compensate for local and time limited availability outage specific to the GPS 
SBAS/LPV receiver, and inform destination ATC with sufficient advance notice: 


• As suggested by DO-229D, the GPS SBAS/LPV receiver has the capability to 
compute the predicted performance at destination airport and estimated time of arrival 
(ETA). This prediction is based on the actual available SBAS data and the embedded 
GPS satellite selection algorithm. 
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• This prediction capability is used by the FMS when entering the terminal area 
(30Nm from the destination airport) to confirm the LPV intended operational capability 


• This confirmation is consolidated on a regular basis (every few seconds) to 
engage with the ATC with sufficient advance notice in case of predicted performance 
unavailability. 


In case of LPV procedure unavailability detected by the GPS SBAS/LPV receiver (amber 
LPV flag displayed on the Primary Flight Display), the operational impact is compensated 
by the following constraints: 


• The aircraft using the GPS SBAS/LPV receiver for IFR operations must be 
equipped with an approved and operational alternate means of navigation and approach 


• For IFR operations, the destination or alternate airport must have an approved 
instrument approach procedure other than LPV that is anticipated to be operational and 
available at the estimated time of arrival. All equipment required for this procedure must 
be installed and operational. 


These constraints will be described in the DDP and in the installation / operational 
manual. 


EASA:  


General 


All the other paragraphs than RTCA DO-229D §2.1.1.3.3 which are related to the lack of 
compliance to the GEO (geostationary orbit) ranging requirement would have to be 
identified in the Declaration of Design and Performance (DDP). An adequate operational 
limitation would have to be reflected in the Declaration of DDP for the ETSO 
authorisation and in the installation manual if a FAA LODA (TSO letter of design 
approval) was sought. 


Specific technical assessment 


RTCA DO-229D contains minimum operational performance standards (MOPS) for 
airborne navigation equipment (single frequency) using GPS augmented by SBAS; 
which, in the U.S is the WAAS (Wide Area Augmentation System). RTCA DO-229D 
§2.1.1.6 uses a “shall” for this requirement when the information is provided by the SBAS 


service: “The equipment shall be able to incorporate GEO range measurements, when 
available, into the position solution.” “RTCA DO-229D (§1.8.1.4) specifies a standard that 
will provide interoperability between WAAS signals-in-space provided by the FAA and 
other potential international service providers and receiving equipment developed by 
different manufacturers.” The design requirements for an SBAS receiver as documented 
in RTCA DO229D are prescriptive in the “shall” requirements in order to ensure 
interoperability and guarantee performance. 


Messages of Type 9 and 17 aim at providing information about GEO satellites 
navigation. They indeed provide respectively ephemeris and almanac positions for these 
satellites1. 


 MT 17 contains the almanac for up to three GEO satellites, as well as Health and 
Status, mainly required for acquisition purposes. Detailed information is available 
in RTCA DO-229D Section A.4.4.12. 


 MT9 provide GEO ephemeris needed for the use of the GEO as a ranging 
source. In addition, a URA (User Range Accuracy), as defined for GPS satellites, 
is also provided. Detailed information is available in RTCA DO-229D Section 
A.4.4.11. According to Note 2 in RTCA DO-229D Section A.4.4.11, “a URA of 15 
indicates that the satellite ranging signal should not be used. Other URA values 
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are not standardized amongst service providers and should not be used”. 
“Section 2.1.2.2.2.2 provides the basis requirements for any FDE 
implementation”. RTCA DO-229D explicitly describes in which conditions the 
satellite ranging signal should not be used. 


The European Geostationary Navigation Overlay Service (EGNOS) does not currently 
provide GEO ranging2 (RTCA DO-229D §2.1.1.3.3) although it broadcasts “nominally 
consistent information in the MT9 and MT17 messages”3. Therefore, a GPS SBAS/LPV 
receiver will show no performance difference when the receiver is not processing GEO 
ranging with EGNOS. Moreover, EASA is not aware about future EGNOS plans of 
EGNOS concerning the ranging function. An EGNOS receiver should process the 
following messages: MT1, MT2-MT5, MT6, MT24, MT25, MT18, and MT26. If the GEO 
ranging functionality was enabled in the future, the EGNOS receiver would also be 
required to process MT9 and MT17 messages2. 


On the other hand, WAAS explicitly states in its performance standard that the GEO 
range is used to meet the performance requirements4. WAAS specification defines 
WAAS message broadcast and ranging as “Function 7”. 


Excerpts from WAAS specification: 


Note 2: The contractor is responsible for providing GEO satellite coverage for the 
broadcast and ranging function to meet the performance requirements in paragraph 
3.2.1 of this specification. INMARSAT 3 is used in the above table as an example of 
GEO satellite outages. The outage rates and durations assumed for other satellites of 
this type shall take into account both failures of the navigation repeater package and of 
any satellite elements required for the continued operation of the WAAS broadcast and 
ranging functions, and shall be substantiated by satellite provided information. 


Appendix 2 


In addition, the code phase timing shall be maintained close to GPS time to provide a 
ranging capability. 


According to the WAAS performance standard (1st edition, 31 October 2008)5 [WAAS 
PS] (§1.4, §2.3.4), WAAS “provides a ranging function ... that improves the availability of 
GPS positioning for SBAS users”. “The WAAS availability calculation adds the GEO 
ranging signals and corrections, which enable the aircraft to tolerate fewer numbers of 
healthy GPS satellites and still meet the minimum required level of performance”. GEO 
ranging is used by WAAS to provide the minimum required availability for en-route and 
LPV operations. [WAAS PS] §3.4 assumes that the avionics incorporates the GEO 
ranging signal to improve RAIM/FDE availability.  


The FAA monitors and publishes the WAAS performance (http://www.nstb.tc.faa.gov/) in 
regular WAAS Performance Analysis Reports: WAAS Position Accuracy, WAAS 
Operational Service Availability, Coverage, Integrity, WAAS Range Domain Accuracy, 
GEO Ranging Performance, WAAS Airport Availability, WAAS CNMP (code noise 
and multipath) Analysis, WAAS Antenna Survey Validation and SQM (signal quality 
monitor) Analysis. The WAAS airport availability assumes a receiver complying with 
RTCA DO-229D requirements. Section 5 of the regular WAAS Performance Analysis 
Reports is related to integrity and hazardously misleading information (HMI). The WAAS 
does not provide over bounding of the individual ranging errors but only makes available 
over bounding of the positions’ errors (observed errors). Therefore, it is not possible to 
change the assumptions on the ranging sources for WAAS without impacting the 
declared WAAS performance. 


RTCA DO-229D provides receiver manufacturers with a clear view on how to design 
their products for SBAS SoL (Safety of Life) service2. A GPS SBAS/LPV receiver 
complying with RTCA DO-229D can benefit from the same level of service and 



http://www.nstb.tc.faa.gov/
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performance whether located in the EGNOS or WAAS coverage area. A GPS SBAS/LPV 
receiver not implementing GEO ranging does not benefit from the same level of 
performance in terms of continuity of service and availability in WAAS coverage area and 
with any SBAS service using GEO ranging. WAAS is a “SBAS which provides a ranging 
function”6. The WAAS performance is published for the relevant airports in the US in 
“WAAS Airport Availability” part of the WAAS performance report. The end user shall be 
able to directly use this information provided by the WAAS service provider (FAA). “The 
user can review WAAS availability performance for US airports with GPS RNAV 
instrument approach procedures by selecting “Show all Airports”, or limit airports 
displayed to those with approved LPV approaches as provided in Table 8.1.” An operator 
can review such data in order to make informed decisions based on information 
published by the SBAS service provider and Air Navigation Service Provider (FAA for the 
WAAS and U.S. National Airspace System). For example, “over South America, the 
[WAAS] performance is enhanced by SBAS message type 28 and the ranging signals 
provided by the WAAS satellites (the EGNOS ranging function is currently not 
operational)7. 


For all the above reasons, EASA concludes that continuity and availability performance 
of a GPS SBAS/LPV receiver not implementing GEO ranging is negatively impacted in 
time/location as declared and monitored by the SBAS service provider for any SBAS 
service using GEO ranging. Moreover, the applicant cannot bound the degradation since 
it depends on the SBAS service design and on the assumptions contained in RTCA DO-
229D for the GPS SBAS/LPV receiver (such assumptions are used to predict the SBAS 
service performance). Finally, EASA is not knowledgeable about the internal design of 
SBAS systems and is not entitled to declare equivalence of other means of compliance 
to interoperability requirements for SBAS systems using GEO ranging functions. RTCA 
DO229D contains the minimum performance requirements to be met by GPS SBAS/LPV 
receivers intended to utilise SBAS services using GEO ranging function. 


The prediction capability of this GPS SBAS/LPV receiver alone does not compensate for 
all the services provided by the SBAS service and, in particular, for those which are not 
broadcast in the signal in space. The applicant has proposed additional constraints to 
mitigate the remaining risk of unavailability. 


The limitation, as discussed with the applicant, would state on the ETSO authorisation: 
“The GPS SBAS/LPV receiver does not process GEO ranging. This GPS SBAS/LPV 
receiver can only be used as sole mean of navigation and approach with EGNOS until 
such time as GEO ranging is enabled (Ranging ON). For other usage, see restrictions in 
installation/operational manual”. The Declaration of Design and Performance would also 
contain the deviation and limitations. 


The installation/operational manual would contain: 


For VFR and IFR LPV operations with any SBAS service: 


 Instructions to check predicted LPV procedure availability (no amber LPV flag 
displayed on the Primary Flight Display) when entering the terminal area (30 Nm 
from destination airport) prior to conducting a LPV procedure; 


 Instructions to be accomplished when predicted LPV procedure is flagged 
unavailable (amber LPV flag displayed on the Primary Flight Display). 
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For IFR navigation and LPV operations with a SBAS service using GEO ranging (such as 
with WAAS): 


 The aircraft using the GPS SBAS/LPV receiver for IFR operations must be equipped 
with an approved and operational alternate means of navigation and approach; 


 The destination or alternate airport must have an approved instrument approach 
procedure other than LPV that is anticipated to be operational and available at the 
estimated time of arrival. All equipment required for this procedure must be installed 
and operational. 


EASA considers these particular CS-ETSOs to contain interoperability standards for the 
SBAS. The global SBAS interoperability concept (as defined in ICAO Annex 10) is 
invalidated by this deviation request. EASA is hereby seeking advice through this public 
consultation. 


                                                 
1 Cf. User guide for EGNOS application developers, ED 2.0, 15/12/2011, European Geostationary 


Navigation Overlay Service 
2 Cf. EGNOS Open Service Guidelines for receiver manufacturers, 24th International Technical Meeting of 


the Satellite Division of The Institute of Navigation, Portland OR, September 19-23, 2011, 


http://www.egnos-


pro.esa.int/Publications/ION%20GNSS%202011/2011_ION_GNSS_EGNOS%20Open%20Service%20Gui


delines%20for%20Receiver%20Manufacturers.pdf 


 
3 Cf. FAQs - EGNOS Receivers, ESSP, http://egnos-user-support.essp-


sas.eu/egnos_ops/news_and_articles/FAQs/receivers%2526signal, “The pseudoranges corrections of 


EGNOS Operated GEOs, PRN120 and PRN124 are not considered by the receiver when computing the 


navigation position solution (even though there are almanac and ephemeris data provided in messages type 
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ABSTRACT  
 
Satellite Based Augmentation Systems (SBAS) consist of 
a network of reference stations distributed over a wide 
area that monitor the status of GPS and other Global 
Navigation Satellite Systems (GNSS). These reference 
stations send the data collected on the status of GPS to a 
master station where differential corrections and integrity 
are computed for every monitored satellite. Once these 
are computed a ground Earth station uplinks them to 
geostationary satellites that broadcast this information to 
the end user. Examples of SBAS systems are the 
European Geostationary Navigation Overlay Service 
(EGNOS), the U.S. Wide Area Augmentation System 
(WAAS), the Japanese Multifunctional Transport Satellite 
Augmentation System (MSAS), and the Indian GPS and 
GEO Augmented Navigation (GAGAN). 
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In the recent years SBAS systems have been topic of 
much study for Safety of Life (SoL) applications. User 
communities such as civil aviation have extensively used 
these kinds of systems relying on the accuracy benefits 
they provide but above all on the use of integrity. SBAS-
enabled GNSS receivers for these applications have been 
designed and manufactured according to the recognized 
standards [1]. The standards have been developed by the 
civil aviation community and therefore solely address the 
use of SBAS for this type of safety-critical operations. 
This has provided receiver manufacturers with a clear 
view on how to design their products for SBAS SoL 
service. However, no similar guideline exist for less 
stringent applications that could strongly benefit from 
SBAS but do not require implementation of the very 
conservative algorithms elaborated for aviation. 
 
Focusing on the particular case of EGNOS, besides the 
SoL service (declared operational on March 2011), the 
Open Service (OS) has been readily available and free to 
the public since October 2009. Since then most 
manufacturers have partially followed [1] for the design 
of their products. This has lead to several different 
implementations that in some cases may not be optimal. 
The objective of this paper is to present a work plan to 
produce set of clear guidelines for GNSS receiver 
manufacturers on how to properly make use of the 
EGNOS broadcast messages to improve their positioning 
accuracy measurements for Open Service. This topic was 
discussed in the context of the SBAS Interoperability 
Working Group (IWG) and the interest for such 
guidelines was confirmed by other SBAS providers. 
 
INTRODUCTION  
 
As previously said the objective of this work is to produce 
a set of guidelines for GNSS receiver manufacturers on 
how to best use SBAS broadcasted parameters for 
applications not requiring stringent safety levels. A first 
application for such guidelines is to make 
recommendations for the implementation of receiver 
algorithms for the EGNOS Open Service users. These 
tasks have been performed by the ESA European 
Navigation Laboratory (ENL) in coordination with the 
European Commission. The steps followed to produce 
these guidelines have been: 
 
 Study of the SoL standards, previous literature and 



current implementations on EGNOS OS enabled 
receivers available on the market. This study 
provides a set of candidate implementations and 
algorithms for the EGNOS OS receiver guidelines. 



 
 Development and testing of a laboratory prototype of 



an EGNOS Open Service receiver. The laboratory 
prototype is a flexible tool that contains the candidate 
implementations and algorithms previously 
identified. The prototype receiver post-processes 
observations from Receiver Independent Exchange 
Format (RINEX) files and EGNOS message files 



from the EGNOS Message Server (EMS) format [2]. 
This architecture allows testing the EGNOS OS 
algorithms to be receiver independent. 



 
 Perform a test campaign using the prototype receiver, 



benchmarking the candidate implementations and 
algorithms in terms of accuracy, availability, 
algorithmic complexity, and other indicators. This 
test campaign has been performed using observables 
taken from several GNSS receivers from different 
European locations. 



 
The EGNOS OS laboratory prototype works in post-
processing mode and at observable level: enabling results 
to be obtained for the same position and date using 
different candidate algorithms. This has permitted the 
discarding of some candidate algorithms in the light of the 
results.  
 
This work has confirmed that the existing SBAS 
standards for GNSS receiver design are not fully 
applicable to Open Service receivers. 
 
The paper is structured as follows. First of all, an 
overview of the EGNOS system and the EGNOS OS in 
particular are presented. A study of current standards and 
implementations follows. Then, the candidate 
improvements derived from the previous study for OS are 
detailed. A section devoted to the results obtained using 
these candidate algorithms in the prototype receiver 
follows. To finalize, some conclusions based on the 
results obtained so far and the way forward are also 
presented. 
 
 
 
EGNOS SYSTEM OVERVIEW AND EGNOS OPEN 
SERVICE 
  
This section describes the EGNOS system and gives 
performance figures for the EGNOS Open Service. 
 
As any other SBAS, EGNOS is composed of a network of 
ground stations and facilities and a space segment. As 
depicted in Figure 1 the EGNOS ground segment consists 
of: 
 
 A network of 37 reference stations called Ranging 



Integrity Monitoring Stations (RIMS). The RIMS 
collect the raw measurements from the GPS satellites 
and send it to the Mission Control Centers (MCC). 
Figure 1 shows a map of the current and future RIMS 
sites. 



 
 Four Mission Control Centers (MCC) that contain the 



Central Processing Facility (CPF) in charge of 
processing the raw data from the RIMS and 
generating the differential corrections and integrity 
data. 
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 Six Navigation Land Earth Stations (NLES) that 
uplink the data generated by the MCC to the 
geostationary satellites. 



 
 A communication network linking these elements, 



the EGNOS Wide Area Network (EWAN). 
 
 The Service Operations Unit (SOU) and the Service 



Provision Unit (SPU) to support system operations 
and service provision. 



 



 
 



Figure 1 EGNOS ground segment. 
 
The EGNOS data is broadcasted to the end users using 
three geostationary satellites. These satellites are listed in 
Table 1 EGNOS Geostationary satellites. 
 
 (at the time of writing). 
 



Table 1 EGNOS Geostationary satellites. 
 
 



Satellite 
Name 



PRN 
Number 



Orbital 
Slot 



Status 



INMARSAT 
AOR-E 



120 15.5 W Operational 



ARTEMIS 124 21.5 W Operational 
INMARSAT 
IOR-W 



126 25.0 E Test 



 
 
EGNOS provides differential corrections and integrity to 
GPS signals over Europe. EGNOS services to end users 
comprise: the Open Service (OS), which this paper 
applies to and is freely available; the Safety of Life 
service (SoL), that provides corrections and integrity for 
user communities needing safety of life performances (for 
example, civil aviation); and the Commercial Data 
Distribution service (CDDS) for commercial and 
professional user requiring enhanced performance. 



 
The EGNOS GEO satellites transmit signals in the L1 
(1575.42 MHz) band. The broadcast signal is a 
combination of a 1023-bit PRN navigation code of the 
GPS family and a 250 bits per second navigation data 
message carrying the corrections and integrity data 
elaborated by the EGNOS ground segment. 
 
The EGNOS raw data rate is 250 bits per second. The 
data is convolutionally encoded with a Forward Error 
Correction (FEC) thus providing a symbol rate of 500 
symbols per second. Every second a 250 bit message is 
available to the user with the following format: 
 
 8 bit preamble distributed over three successive 



messages (24 bit in total). The 24 bit preamble will 
be made up of the sequence of bits 01010011 
10011010 11000110.  The start of every other 24-bit 
preamble will be synchronous with a 6-second GPS 
subframe epoch. 



 
 6 bit message type identifier that unequivocally 



marks the message to one particular type of message 
(see Table 2). 



 
 212 bit data field that contains the actual EGNOS 



corrections. 
 
 24 bit CRC parity field that provides protection 



against burst and random errors.  
 
The messages are interrelated using Issue of Data (IOD) 
parameters present within the data bit field. EGNOS 
corrections can be roughly divided in three groups: 
 



 Fast corrections: used to correct for the quickly 
changing orbit and clock errors of the GPS 
satellites. 



 
 Slow corrections: used to correct for the slow 



changing orbit and clock errors of the GPS 
satellites. 



 
 Ionospheric corrections: used to correct for the 



slowly changing ionospheric delays. 
 
The EGNOS corrections are broadcasted using a set of 
predefined messages. The SBAS standards include 
provisions for a total of 64 message types. However, only 
20 of the messages are defined as of today and 18 are 
used by EGNOS. The EGNOS message types and their 
purpose is presented in Table 2. 
 



Table 2 EGNOS Message Types 
 



Message 
Type 



Contents 



0 Don't use for safety applications (SBAS 
test mode) 



1 PRN Mask  
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2 to 5 Fast corrections 
6 Integrity information 
7 Fast correction degradation factor 
9 GEO ranging function parameters 
10 Degradation Parameters 
12 SBAS Network Time/UTC offset 



parameters 
17 GEO satellite almanacs 
18 Ionospheric grid point masks 
24 Mixed fast corrections/long term satellite 



error corrections 
25 Long term satellite error corrections 
26 Ionospheric delay corrections 
27 EGNOS Service Message 
63 Null Message 



 
The EGNOS OS provides improved positioning accuracy 
compared to GPS standalone. This is achieved using a set 
of differential corrections freely available to all receivers 
compatible with the EGNOS signal and data. The 
EGNOS OS has been available to the public since 
October 2009.  
 
The EGNOS OS performance requirements in terms of 
positioning accuracy is provided in Table 3 [3]. 
 



Table 3 EGNOS OS minimum position accuracy. 
 



Accuracy Definition 



3 m  
horizontal 



Corresponds to a 95% confidence bound 
of the bi-dimensional position error in the 
horizontal local plane for the worst user 
location. 



4 m 
vertical 



Corresponds to a 95% confidence bound 
of the unidimensional unsigned position 
error in the local vertical axis for the 
worst user location. 



 
It must be noted that depending on the receiver 
implementation and the environment the actual 
performance of a receiver using EGNOS OS may vary.  
 
An EGNOS receiver designed to support the EGNOS OS 
is expected to [3]: use the geostationary satellite ranging 
function if available, decode and apply satellite clock 
corrections, decode and apply satellite ephemeris 
corrections, decode and apply Ionospheric corrections, 
consider major warnings broadcast through the EGNOS 
messages, and use the time-offset parameters between 
different system times if the receiver is intended for time 
determination. 
 
Translating these requirements to particular EGNOS 
messages an EGNOS OS receiver designed to support 
EGNOS OS should process the following messages: 
MT1, MT2-MT5, MT6, MT24, MT25, MT18, and MT26. 
 



The GEO ranging functionality is currently not 
implemented in EGNOS. If this functionality is enabled in 
the future it will also require the processing of MT9 and 
MT17. 
 
STUDY OF CURRENT IMPLEMENTATIONS 
 
SBAS standards [1] were originally created to support 
civil aviation applications. As a consequence the receiver 
processing of the SBAS messages have also been 
developed with civil aviation applications in mind. This 
translates in a large set of requirements and 
implementations needed to ensure integrity of the position 
provided by the SBAS receivers. The standards contain 
several functional and operational equipment classes. For 
each of them the SBAS messages that are applicable and 
how they are processed varies. 
 
Although these standards have proven to be extremely 
valuable for the civil aviation community their direct 
applicability to other areas is unclear. At the moment of 
writing there are no SBAS standards targeting OS and 
non-avitation applications. 
 
The most common approach followed by EGNOS OS 
receiver manufacturers has been to apply or partially 
apply [1] when designing their products. According to [3] 



that implements the MOPS DO-229 navigation weighted 
solution and message processing (equivalent to Class 3 
GPS/WAAS receiver requirements) but which does not 
take into consideration the protection level criteria to 



Class 3 applies the most demanding of the aviation 
operations: oceanic and domestic en route, terminal, 
approach (LNAV, LNAV/VNAV, LP, LPV), and 
departure operation.  No functional class is mentioned but 
without loss of generality Class beta will be assumed 
throughout this paper. 
 
It is understood that this statement is just a means to 
ensure that receivers meet the EGNOS OS performance 
previously identified while leaving the door open for 
other implementations knowing that the performance in 
those cases may be different. 
 
Totally on the opposite side operational Class 1 has the 
least demanding requirements. For Class 1 equipment 
some of the corrections may be optional under certain 
circumstances although it is encouraged to use them. 
Some manufacturers design their receivers for EGNOS 
OS according to this class. While this may be regarded as 
a proper choice for EGNOS OS it may in fact provide 
poor performance if not correctly tailored. 
 
In general what it is important to note is that these classes 
and consequently the implementations based on them are 
just a collection of choices among the corrections used 
and how they are used. It is clear that these classes 
originally derived for civil aviation applications are not 
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directly applicable to non-Safety of Life applications and 
other recommendations must be found. 
 
CANDIDATE IMPROVEMENTS 
 
Instead of starting from scratch, the current SBAS 
standards [2] have been used as a starting point for this 
work. Four areas of study have been identified where 
improvements may be made specifically tailored for 
EGNOS OS: 
 
 Proper combination of corrections.  
 Derivation of new timeout values. 
 Mixing of corrected and uncorrected satellites.  
 Ionospheric interpolation.  



 
Proper combination of corrections 
 
As previously said EGNOS provides corrections in the 
form of Fast Corrections (FC), Slow Corrections (SC) and 
Ionospheric Corrections (IC). According to the SBAS 
standards [1] different combinations are possible 
depending on the equipment class. For example, it is 
possible to use EGNOS FC and SC and use GPS IC 
instead of EGNOS IC.  
 
It is expected that the best performance will be obtained 
when using all EGNOS corrections. However, when not 
using a full set of corrections (FC+SC+IC) the chosen 
combination may provide a poor performance. In the next 
section several combinations will be presented and 
benchmarked against each other. 
 
Selection of timeout intervals 
 
A set of timeout intervals is defined in [1] for the 
corrections previously identified. The beginning of the 
timeout interval is the end of the reception of a message.  
The timeout intervals are a function of the navigation 
mode. After this interval the corrections should not be 
used. However, it is important to note that these 
navigation modes as well as the timeout intervals have 
been defined for use in aviation equipment. Therefore, 
they may not be suitable for all applications. 
 
Moreover, even if [1] specifically states that the 
corrections should not be used after the timeout period, it 
does not clearly state what should be the behavior of a 
receiver in all situations. Depending on the correction that 
reaches a time-out several options are possible as will be 
explained later. As a result manufacturers of EGNOS 
receivers have come up with different implementations. 
For example, some non-avition manufacturers decide to 
setup a range of timeout intervals in their receivers while 
other implementations use the values defined in [1].  
 
Some receivers allow selecting -



even allow using other time-out values not present in [1]. 
More importantly, the time-out values give the maximum 



time the EGNOS corrections can be used since the last 
one was received, and while some manufacturers chose to 
use this period until the very end others drop the 
corrections earlier than the time-out has been completed. 
Both approaches are allowed in [1]. However, for the 
EGNOS OS case it is reasonable to extend the time-out 
values as much as possible, i.e. increase EGNOS OS 
solution availability without impacting accuracy. In the 
next section a preliminary study on the extension of the 
time-outs beyond the ones described in [1] is presented. 
 
It is important to understand that the whole purpose of the 
timeout intervals is to avoid using an old correction 
message that contains outdated information and may 
degrade the position solution. Taking this into account 
different applications may use different values for the 
timeouts. 
 
It should be noted that prior to the time-out the 
corrections can be interpolated based on an estimated 
RRC (depending on the degradation factor). Even more 
important than the value of the timeouts is the behavior of 
the receiver once the timeout has been reached and the 
EGNOS correction is discarded. Depending on the 
correction several possibilities arise: 
 
 Use GPS own corrections (if applicable). 
 Fall back to a GPS only solution. 
 Stop providing position altogether. 



 
Again, it is strongly recommended that the manufacturers 
of EGNOS OS receivers decide on the behavior of their 
receivers in these situations depending on the application 
that these are intended for. In general, the less safety 
critical the application is the less stringent should be the 
behavior of the receiver. As an example, the case of an 
EGNOS OS receiver intended for car navigation (turn-by-
turn navigation) the following behavior could be safely 
assumed: 
 
 Use long timeout values, especially if urban 



navigation is a target application. 
 In case EGNOS ionospheric corrections timeout use 



GPS ionospheric corrections until new EGNOS 
corrections are received. 



 In case EGNOS Fast or Slow Corrections timeout 
stop using them but continue using EGNOS 
ionospheric corrections. 



 In case all EGNOS corrections timeout fall back to a 
GPS only solution. 



 
This example should not be considered as the best 
possible implementation but just as an example that tries 
to maximize availability while maintaining a high degree 
of accuracy (desired performance goals in the target 
application).  
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Mixing of corrected and uncorrected satellites 
 
In normal conditions within the coverage area of EGNOS 
all satellites in view should have EGNOS corrections 
available. However, for some reasons it may well happen 
that some satellites do not have corrections available. If 
the number of satellites in view without corrections is 
high, the EGNOS PVT solution may be worse than the 
GPS only one. This may be the case in the very edge of 
coverage regions where the EGNOS solution will have a 
much higher dilution of precision (DOP) due to low 
number of monitored satellites.  
 
In such cases depending on the target application it may 
be beneficial to: 
 
 Fall back to a GPS only solution. 
 Compute a solution mixing corrected and 



uncorrected satellites. 
 
It is important to note that in general doing this will in 
fact degrade the position solution and it is not advised. In 
the case that it is decided to compute a mixed solution it 
must be considered that EGNOS and GPS timescales 
differ and an additional unknown corresponding to the 
time offset between the two should be accounted for in 
the receiver navigation models. If this is not done the 
position solution can be degraded by up to 10 to 20 
meters [3] thus defeating its original purpose. 
 
 
Ionospheric interpolation 
 
The way SBAS systems and in particular EGNOS apply 
ionospheric corrections is very strict. When three or four 
ionospheric grid points (IGP) surrounding the ionospheric 
pierce point (IPP) of a given line-of-sight are monitored, 
the estimated slant delay and model variance due to 
ionosphere can be obtained. The details on how to 
perform this computation can be found in Appendix A of 
[1]. 
 
In order to increase availability and potentially also 
accuracy three proposals will be studied: 
 
 Instead of switching back to GPS only when EGNOS 



ionospheric corrections cannot be applied according 
to [1] a mixed solution using EGNOS FC+SC and 
GPS ionospheric model will be computed. 



 Use EGNOS old ionospheric corrections even after 
the time-out values in [1] have been reached  



 According to [4] mixing in the slant delay and model 
variance computation the values provided by 
EGNOS, in the monitored IGPs, with the values 
extrapolated from surrounding EGNOS IGPs, for the 
non-monitored points can highly increase the 
availability. Assuming a smooth ionosphere electron 
distribution, the degree of availability gained can 
compensate the committed error with respect to a 
nominal situation. 



RESULTS 
 
This section presents preliminary results for the candidate 
improvements identified in the previous section using a 
laboratory prototype receiver. The main focus for the 
receiver is flexibility in the implementation of EGNOS 
corrections. For this purpose the prototype has been 
implemented as a software tool that works in post-
processing mode at observable level using RINEX data 
and obtains corrections from the EMS. Figure 2 gives a 
high level overview of the interfaces of the receiver 
prototype. 
 
 



 
 



Figure 2 EGNOS OS receiver prototype interfaces 
overview. 



 
The software receiver prototype can be configured to 
generate the following outputs: 
 
 GPS LSA (least squares algorithm) PVT. 
 GPS + Full EGNOS corrections PVT. 
 GPS + Any combination of Fast, Slow and IONO 



EGNOS corrections PVT. 
 
The reference positioning algorithm is based on the 
method of weighted least squares.  The method is applied 
on an epoch by epoch basis (snapshot least squares) and is 
applied to carrier smoothed and corrected pseudorange 
observations.  It must be noted that the selection of this 
algorithm does not intend to restrict EGNOS OS receivers 
to solely a snapshot least squares solution, for example a 
Kalman filter based solution could also be used. However 
defining a reference positioning algorithm enables 
correction application and potential accuracy performance 
to be illustrated. 
 
Moreover, it is important to note that the relevancy of 
these results is the possibility to compare the relative gain 
in performance between them. Therefore, the absolute 
accuracy should be considered only as an indication and 
the actual performance may vary for other receivers. 
 
The following results give an overview of the accuracy 
that can be achieved using a subset of the corrections 
provided by the system, i.e. combination of corrections.  
Example accuracy results using a 4 days of 1 Hz data are 
shown in Table 4 using the reference positioning 
algorithm and for the reduced complexity cases (using 
only a subset of the EGNOS corrections). The data was 
collected at European Navigation Laboratory in ESTEC, 
The Netherlands. The EGNOS corrections used were the 
ones transmitted by EGNOS PRN 120.  To illustrate the 
improvement resulting from EGNOS corrections, the 
corresponding GPS-only accuracy is also included.  
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Table 4 95% Horizontal and Vertical Accuracy (metres) 
summary for different combinations of corrections 



 
Table 5 Accuracy improvement vs. GPS only case 



 
As expected the application of a full set of EGNOS 
corrections (FC+SC+EIC) provides the best possible 
accuracy. Looking at the relative differences provides 
other interesting conclusions: 
 
 All the cases with EGNOS corrections (except one) 



provide better accuracy than GPS only case. 
 Applying SC without FC highly degrades the 



accuracy (worse than GPS only). This confirms that 
FC and SC are matched and they should always be 
used jointly. 



 Applying EGNOS orbit and clock corrections only 
(FC+SC) or EGNOS Ionospheric corrections (EIC) 
separately still provides improved accuracy compared 
to GPS only. It is also noted that the contribution to 
the improvement of the EIC is bigger than FC+SC 
only.  



 
To analyze the impact of age of correction the application 
of the EGNOS corrections was delayed and the resultant 
changes in navigation system error statistics were 
computed. The EGNOS messages broadcasted every 
second have been stored in the EGNOS Message Server 
(EMS). Hourly files of corrections were retrieved from 
the EMS, in order to compute this latency results the 
application of these corrections was delayed by 60, 300 
and 900 seconds, respectively. An example of the 
implementation of these latency results is presented in 
Figure 3. 



 
Figure 3 Latency results computation example 



 
In this example data was collected at Turin for one week.  
The approach taken to analyze the effect of the age of 
corrections was to continuously delay their application by 
a fixed latency value (L).  As the navigation solution is 
computed using snapshot least-squares, the approach is 
similar to fixing correction values at T=0, waiting until 
T=L and observing the resultant navigation system error. 
However, in continuously delaying the correction 
application, a stream of navigation system errors are 
obtained as if the corrections had been fixed at T=0,1,2,.. 
and the resultant navigation system errors observed at 



 
 
The changes in horizontal radial and vertical 95 
percentiles are given in Table 6. As it can be seen the 
accuracy starts degrading for the 900 seconds case. The 
horizontal and vertical 95 percentile values for the GPS 
only solution was 1.93 m and 3.66 m respectively. 
 



Table 6 Position Accuracy & Correction Latency, Turin 
2011 DOY100-106 



 
Latency (s) 0 60 300 900 
95% H (m) 1.10 1.05 1.09 1.42 
95% V (m) 1.64 1.62 1.70 2.17 



 
Remaining GPS errors are slowly varying (ephemeris and 
low dynamic clock drift). The ionospheric errors will also 
be stable during long periods (ICs have the longest time-
out values in [1]). Therefore EGNOS corrections remain 
valid for a very long time except in case of satellite failure 
or rapid ionospheric changes. In the light of these results 
it is possible to consider the extension of the time-out 
values beyond the ones considered in [1]. 
 
CONCLUSIONS  
 
EGNOS OS receivers on the market are mainly based on 
partial implementations of [1]. This has translated into an 
inconsistent perceived accuracy of the system by the user. 
In order to provide a common baseline and avoid 
implementations that may even degrade the final 
performance, ESA in coordination with the European 
Commission has put a work plan in place to produce a set 
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of guidelines for GNSS receiver manufacturers on how to 
implement the EGNOS OS. 
 
This paper has presented this work plan and the first 
results obtained towards the creation of the guidelines. A 
flexible software laboratory prototype receiver has been 
developed to benchmark possible implementations and 
candidate algorithms. Some examples of what can be 
expected from the guidelines have also been presented: in 
general EGNOS corrections provide better accuracy than 
GPS only but some combinations of corrections will 
provide the opposite effect; the standard time-out values 
defined in [1] are too restrictive for OS and it is possible 
to extend them.  
 
FUTURE WORK  
 
Although the bulk of the work has been done, in order to 
produce a definitive set of guidelines more data will be 
analyzed to increase the number of statistics. Moreover, 
some of the candidate improvements (mixing 
corrected/uncorrected satellites and ionospheric 
interpolation) have been identified but more data needs to 
be studied before producing any conclusions. Not only 
more data needs to be analyzed but availability figures 
using standard algorithms in [1] and the candidate 
algorithms presented need to be obtained. It has been seen 
that accuracy can be maintained using these candidate 
algorithms but it is also important to see if these will also 
improve availability. 
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Preface



After more than 10 years of development and qualification efforts bringing together actors from 
across the European continent, including project teams, industrial teams, and operators, for the 
first time Europe has at its disposal a GNSS infrastructure which delivers, on a permanent basis 
and according to international civil aviation standards, a satellite navigation service covering 
much of the continent.



For all space sector participants, it is extremely gratifying to see a programme having origina-
ted in research and development leaving the space agency sphere and entering into the world 
of services addressed at a vast community of users. After telecommunications, meteorology, 
oceanography, search and rescue and Earth observation, we are now seeing the emergence 
of a new area of operational space activity, which clearly illustrates the unique and essential 
contribution space can make to citizens.



The success of a development activity is a crucial step on the way to the success of a pro-
gramme. For it to become a total success, efforts must now focus on ensuring that users, in all 
application areas, can obtain easy access to services, making those services straightforward to 
use and, of course, on guaranteeing quality of service over time. 



This guide is designed to acquaint the user with the system and to provide the essential tech-
nical information that users and application developers require if they are to make the best 
possible use of EGNOS.



CNES, the European Space Agency and the European Commission are proud to have contri-
buted to the development of the EGNOS system, and thank all participants in this effort, both 
public and industrial, for their contributions to and support for the programme. They also wish 
every success to the EGNOS operational exploitation phase and hope that this guide will allow 
users from all walks of life to make use of EGNOS in a great many application areas.



Yannick d’Escatha
President



Centre National d’Etudes Spatiales



Matthias Ruete
Director-General



DG Energy and Transport
European Commission 



Jean-Jacques Dordain
Director General



European Space Agency

















DISCLAIMER



 This guide is designed to be used by developers of applications for the European satellite 
navigation system EGNOS. Under no circumstances must it be taken to be a manual certi-
fied by the designers and developers of the EGNOS system, or by any legal and regulatory 
authorities.



The information it contains shall be no substitute for official EGNOS-linked documents and shall 
be considered information provided «as is», with no guarantee of any kind, explicit or implicit, 
notably in respect of its accuracy, reliability, exhaustiveness, appropriateness for and adapta-
tion to a specific use or the needs expressed by the users of this guide. It implies no obligation 
on the part of the European Commission, CNES and ESA.



In no sense does the EGNOS guide exempt users from their obligation to exercise prudence 
in its application and in the interpretation they make of it in the performance of their activi-
ties, whatever those may be. Consequently, its use and implementation is under the exclu-
sive responsibility of its users, while the European Commission, CNES and ESA can under no 
circumstances be held liable for damages of any kind, whether caused by the implementation, 
use or interpretation of the information contained in the EGNOS guide.



Furthermore, the European Commission, CNES and ESA may make any changes to this guide 
they deem to be useful, notably following any future evolutions of the EGNOS system.
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0 INTRODUCTION



 EGNOS (the European Geostationary Navigation Overlay Service) is designed to 
complement the American GPS system. It comprises a number of navigation payloads on board  
satellites in geostationary orbit and a ground-based network consisting of a series of monitoring 
stations and several control centres. 



The EGNOS system has been operational since 1 October 2009 for non-sensitive uses that do 
not jeopardise human life. The EGNOS Safety-of-Life (SoL) service, which can guide aircraft 
on their approach flight path, was opened on 2 March 2011. Most commercially available GPS 
receivers currently receive and use EGNOS signals, thus permitting the implementation of a a 
great number of applications or various types of experiments.



The purpose of this guide is to provide practical information to EGNOS users (SMEs, scientific 
laboratories, application developers, etc.) who are not specialists in the use of the system. 
It therefore is addressed primarily at those outside the aviation community, which has been 
involved in the development of EGNOS from the outset and is familiar with its use. It aims to 
answer questions such as “How can EGNOS enhance my application?”, “How, in practice, can 
I use EGNOS signals and messages?”, etc. 



It then explains how you obtain the latest up-to-date information on EGNOS and on evolutions 
of the system, and gives advice on how to choose a receiver that makes best use of EGNOS 
functionalities.



Finally, some specific examples of applications are provided which serve to illustrate its use.
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1 WHY DO WE NEED EGNOS ?



1.1  SATELLITE NAVIGATION SYTEMS FROM TRANSIT TO GALILEO



 The USSR could never have imagined when launching the satellite Sputnik in 1957 that in 
doing so it would be giving the USA the idea for GPS. But the US Department of Defense (DoD) 
had noticed that by using measurements of the Doppler effect of signals emitted by Sputnik, 
it was possible to plot one’s position on Earth provided that one knew the satellite’s orbital 
parameters. 



Armed with this discovery, in 1958 the US began its first satellite navigation programme, named 
TRANSIT. This system, which went into operation in 1964, made use of the Doppler effect to 
establish a position to within an accuracy of 200 to 500 metres, but it had a number of disad-
vantages: with only 6 satellites, positioning was not possible at any point on the globe 24 hours 
a day, and in some cases it took up to 24 hours to establish a position. To overcome these 
disadvantages, the US military began thinking about how to create a more effective system that 
would make it possible to establish one’s position, speed as well as the time with great accuracy, 
24 hours a day at any point on the globe. Its research gave rise to the current GPS system, or to 
go by its full name NAVSTAR GPS (short for NAVigation System with Time And Ranging Global 
Positioning System). The first prototype GPS satellite was launched in 1978 and the system 
was declared operational in 1995 with 24 satellites in orbit. GPS offered two services, the first 
of which was called “precise positioning service” only accessible to the US armed forces (and 
to their allies) and the second which was called “standard positioning service” or “open service” 
with a degraded performance level accessible to all civil users without restriction.



Today in 2011, GPS is still operational with some 30 satellites currently in orbit. A new gene-
ration of satellites is currently being developed (Block III) with a view to further improving the 
system’s performance.



In the 1980s, during the Cold War, the Soviet military, aware of the strategic importance of 
possessing a satellite navigation system, came up with its own answer to the GPS system 
in the shape of GLONASS, short for GLobal’naya NAvigatsionnaya Sputnikovaya Sistema, a 
system with similar objectives and performance to GPS offering a means of precisely determi-
ning ones position anywhere on the planet. GLONASS was declared operational in 1996. But 
after some ups and downs due to technical problems and a lack of funding in the wake of the 
Cold War, the GLONASS system went into stagnation and, with no more than 6 operational 
satellites, was unable to offer any real availability. In 2002, the Russian Federation decided 
to relaunch the programme and is now studying a new generation of satellites with a view to 
having a fully operational system by 2015. In 2011, the GLONASS system is approaching its 
nominal configuration.
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Europe, in turn, aware of the strategic importance of satellite positioning systems for its 
economy and independence, decided to develop a satellite navigation system of its own, under 
civil control, and began the first studies to that end in 1994. The system, called Galileo, will 
offer a range of services which will be compatible and directly interoperable with the GPS open 
service. The first experimental satellites GIOVE-A and GIOVE-B have been launched in 2005 
and 2008, followed in October 2011 by the first two satellites of the IOV phase. 



Finally, China, with Beidou, has begun implementing a regional satellite navigation system, 
having launched the system’s first satellites in 2000. Extension of that regional system to form 
a global system named Compass is ongoing since 2010.



By allowing anyone with a GPS receiver to determine their position to within a few metres, their 
speed to within a few cm/s, and the time to within a few hundredths of a microsecond around 
the clock and across the entire globe, GPS has revolutionised the world of navigation and has 
opened the way for new applications based on navigation, positioning and time determination.



Today, the use of satellite navigation systems (grouped under the term GNSS, for Global Navi-
gation Satellite System) has become essential to a multitude of applications, whether they be 
strategic, professional or simply leisure-oriented.



In 2011, the GPS system is the only fully operational global satellite navigation system.



1.2  GPS: HOW IT WORKS, ITS PERFORMANCE AND LIMITATIONS 



This section gives some information on how the GPS system works, as well as on its perfor-
mance and limitations. Refer to Annex 3 for more information on GPS. 



1.2.1 How GPS works



The basic principle underpinning satellite positioning is the use of distance measurements at 
a precise moment in time T between a receiver and several satellites whose exact positions in 
space are known.



Pseudoranges



The satellites emit electromagnetic waves which are propagated through space at the speed 
of light. It is then possible to calculate the distance separating the satellite from the receiver by 
determining the time a wave takes to travel from satellite to receiver using the following formula: 
d = c*t, where d is the distance, c the speed of light and t the time it takes for the wave to travel 
from satellite to receiver. 



1 Why do we need EGNOS?
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To estimate the time that signals take to travel between a given satellite and the receiver, the 
receiver compares a unique code linked to the satellite’s navigation signal with a copy of the 
same code generated by the receiver itself. Since the time interval between the codes corres-
ponds to the transit time, this can then be used to calculate the distance, or “pseudorange”. 
The use of “pseudo” in this term is because this distance does not correspond to the geometric 
distance between satellite and receiver due to the bias between the time reference used by the 
GPS system and that used by the receiver (as explained below).



With at least three distance measurements to three different satellites it is theoretically possible 
to determine the position of the receiver if and only if the receiver’s clock is perfectly synchro-
nised with those on board the satellites. 



Unfortunately, though all the satellites may be equipped with perfectly synchronised atomic 
clocks, the same is not true for receivers, which for reasons of cost and compactness are 
equipped with internal clocks that are not synchronised with the satellite clocks and whose 
stability is very poor compared with those aboard the satellites.



The following table illustrates the performance in terms of stability of various clock or oscillator 
types:



Daily time difference Equivalent in terms of 
distance accuracy



Quartz watch One second 300 000 km



Temperature-controlled quartz 
oscillator (as used in GPS 



receivers)
10 milliseconds 3 000 km



Thermostatted quartz oscillator 0.1 millisecond (10-4s) 30 km



Ultra-stable oscillator
Several microseconds 
(10-6s)



300 m



Atomic clock (as used on GPS or 
Galileo satellites)



Ten nanoseconds (10-8s) 3 m



Atomic clock from ACES/PHARAO 
scientific project



Ten picoseconds (10-11s) 3 mm



Since a 1 millisecond difference between a satellite clock and receiver clock can produce a 300 
km positioning error, this clock bias must be compensated for. That is why distance measure-
ments are made to a fourth satellite in order to calculate the bias. 



To sum up, this method entails solving the system of four equations with four unknowns as 
follows:



PRi = ( ) ( ) ( ) uuiuiui bcZZYYXX ⋅+−+−+− 222     where   i = 1 to 4



Where Xi, Yi, Zi represent the coordinates for the positions of each of the four satellites,
PRi represents the pseudoranges measured for each of the four satellites,
bu is the clock bias between the receiver and the satellites,
c is the speed of light,  
Xu, Yu et Zu represent the coordinates to be calculated of the receiver’s position.
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Satellite positions and clocks



Each satellite transmits a constant stream of information in the form of a navigation message 
which can be used to precisely determine its position in space at a given time T. This informa-
tion is known as almanac and ephemeris data.



Almanac data consist of parameters which allow a medium-term estimate to be made of the 
position of all the satellites as a function of the time. They are used during the acquisition phase 
to identify those satellites that are visible.



Ephemeris data consist of a set of parameters describing very accurately the orbit of a satel-
lite as a function of the time, making it possible to calculate the satellite’s position at a precise 
moment t to within about 1 metre.



The navigation message also includes data which can be used to correct certain errors such as 
clock corrections for the satellites.



How the receiver calculates its position



Using pseudoranges, the satellites’ orbital parameters and error correction, a receiver can 
calculate a position to within several metres, generally expressed in longitude, latitude and alti-
tude in accordance with WGS84 (the World Geodetic System 1984 reference system). 



Sources of error and how they affect positioning



Various errors interfere with pseudorange measurements. It is not possible to know exactly 
what these errors are but their distributions can be characterised statistically. It so happens 
that errors that adversely affect GPS system accuracy follow distributions that closely mirror 
Gaussian distributions. One characteristic of these distributions is that 95% of the population 
is situated in the band [-2σ ; 2σ], where σ represents the typical deviation of the distribution 
around the mean. In practice, therefore, the errors E affecting pseudorange measurements are 
often expressed as 2 σ, which means that the probability of the real error being less than E is 
95%. Given that the notion of error is directly linked to that of accuracy, and that each of the 
error components contributes to the calculation of the position or time, the positioning accuracy 
is also expressed at 95%.



For a description of the different error types, see Annex 2, which provides the principal GPS 
errors. 



Using the various error components, one can determine a UERE (User Equivalent Range 
Error), which provides the accuracy of the pseudorange measurement between the user and 
each satellite.
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1.2.2 Performance



The performance of a satellite navigation system is expressed according to four criteria:  



accuracy, integrity, continuity and availability.



•  Accuracy corresponds to the difference between the measured and the real position, speed 



or time value.



•  Integrity refers to the confidence the user is able to have in the calculation of the position. 



Integrity includes a system’s capacity to provide confidence thresholds as well as alarms in 



the event that anomalies occur.  



•  Continuity defines a system’s ability to function without interruption throughout the operation 



the user wants to carry out (for example landing a plane). Continuity is the probability, from 



the moment that the accuracy and integrity criteria are fulfilled at the beginning of an opera-



tion, that they continue to be fulfilled throughout that operation’s entire duration.



•  Availability is the percentage of time in which, over a certain zone geographical area, the 



accuracy integrity and continuity criteria are fulfilled.



Note: the notion of integrity is also used in computing, where it has a different sense (in compu-



ting it is defined as the property of a piece of numerical data having undergone no alteration 



during its storage or transfer).



1.2.3 Limitations
   



1.2.3.1 Accuracy 



The accuracy of the GPS system has improved continually over the last few years. Nonethe-



less, the accuracy which can be expected today remains in the order of several metres, which 



can prove inadequate for certain applications. Vertical positioning, in particular, constitutes the 



main limitation in terms of accuracy.



The GPS system accuracy specifications provided by the US Department of Defense (see 



Annex 2, [DR1]) are given in the following table (divided into horizontal, vertical and temporal 



positioning service).
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GPS Specifications
Real expected 
performance



Horizontal service
Accuracy ≤ 17 metres (95%), 
available for 99% of the time or more



7.1 m



Vertical service
Accuracy ≤ 37 metres (95%), 
available for 99% of the time or more



13.2 m



Temporal service Accuracy ≤ 40 ns (95%) 12 ns



See also information in the Annexes. 



1.2.3.2 Integrity



Currently, the GPS system does not make it possible to guarantee the position for some deman-
ding applications, such as airport approaches by aircrafts. In particular:



•  The probability of loss of integrity of a GPS satellite is far greater than that which is required 
for the purposes of navigating an aircraft;



•  In the event of system breakdown or malfunction (clock drift, broadcasting of erroneous data, 
etc.), pseudorange measurement can be biased by anything from a few metres to a few kilo-
metres. Due to the system architecture, and specifically the limited number of GPS ground 
stations, these errors may impact the user for several hours (6 hours maximum). 



GPS system errors or breakdown can also have serious repercussions for user safety if not 
detected in time and have the effect of restricting the number of possible applications. In parti-
cular, they make the system unsuitable for critical applications such as civil aviation, or those 
with regulatory or legal ramifications such as transaction timing, automatic billing, etc.



It is with a view to overcoming the limitations of GPS with respect to integrity, therefore, that 
augmentation systems have been developed.



1.3  AUGMENTATION SYSTEMS 



The ease of use and round-the-clock availability at any point on the globe of GPS, combined 
with its unrivalled intrinsic performance, have led many users to want to use GPS for specific 
applications for which it was not initially designed.
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Among such applications are those for which a high degree of integrity is required (aircraft 
landing, command and control systems for trains, etc.) or those for which accuracy to within a 
metre or below is necessary (geodesy, ship docking, etc).



To respond to such user demand, it was necessary to implement systems to complement GPS 
which could compensate for certain inadequacies or improve its performance while at the same 
time continuing to benefit from the technological and operational advancement offered by 
GPS.



These complementary systems, known as augmentation systems, are either made up of 
ground-based or space-based infrastructures, or otherwise they implement specific techniques 
at receiver level.



1.3.1 Ground-based augmentation systems



1.3.1.1 DGPS (Differential GPS)



DGPS or differential GPS is a real-time positioning method which uses fixed reference stations 
to transmit information to users within the coverage area so as to enable a receiver to correct 
certain errors in relation to the satellites’ pseudoranges. All error types can be handled except 
for local errors generated by the user receiver (multipath errors inherent to the receiver envi-
ronment, measurement noise). 



The accuracy achieved depends directly on the distance between the reference station and the 
user, and deteriorates sharply beyond 100 to 150 km. 



Each station constantly calculates its GPS position and compares it with its real position, deduc-
ting from that applicable correction parameters known as differential corrections, which it trans-
mits by terrestrial radio to receivers located in the coverage area.



In addition to the ground-based infrastructure, use of this system requires users to be equipped 
with a data link system able to receive the messages emitted by the reference stations.



A transmission rate of 100 bits/s and a refresh rate of 10s are usually sufficient for most 
applications. 



In the case of DGPS for maritime applications, the RTCM SC-104 standard is generally used 
to transmit the differential corrections that make it possible to obtain accuracy to within a metre 
using a single-frequency receiver. 
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Depending on the applications, the reference stations can be independent or networked. They 
can also be either fixed or movable.



1.3.1.2 GBAS (Ground Based Augmentation System)



GBAS is a local augmentation system to GNSS standardised by ICAO (International Civil  
Aviation Organization) for precision approach and landing operations, with a high level of integrity. 
Its principle is similar to that ofs DGPS.



GBAS is made up of a ground subsystem comprising two to four GNSS reference receivers 
and an airborne subsystem. Using data from reference receivers, the ground-based subsystem 
calculates corrections to the pseudoranges for all visible satellites. The ground subsystem also 
monitors the quality of the information transmitted to the airborne subsystem by performing a 
large number of tests on the differential corrections and pseudoranges.



These corrections are transmitted to the aircraft using the VDB (VHF Data Broadcast) system. 
A GBAS system provides its services to all aircraft present in its coverage area of up to  
20 Nautical Miles at the minimum.



GBAS is designed to respond to the problems posed by the most demanding of operations 
(all-weather precision approach). The civil aviation community is currently working towards 
standardising GBAS for category II and III precision approach, which is likely to be operational 
as of 2015-2020.
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Figure 1: How DGPS works 











17



1.3.1.3 Other ground-based augmentation systems



RTK (Real-Time Kinematic)



This technique is based on a principle similar to that of DGPS with a single reference station 
and a means of communication between the receiver and the station, but in this case it is not 
corrections that are transmitted but raw data. These raw data then enable specialised receivers 
to calculate the satellite-to-receiver transit time based on the phase of the wave received and 
not on the code sequence.



This method, which requires more complex receivers, makes it possible to achieve accuracy of 
roughly 3 to 5 cm, conditional upon being within a distance of up to 100km from the reference 
station. It also takes considerable time to initialise and requires dual-frequency receivers.



A variant of this method known as interpolated RTK makes it possible to achieve even greater 
accuracy by using a denser network of reference stations (in France, for example the Teria, 
Orpheon and Sat-Info networks). In this case, the errors in the receiver measurements are 
interpolated with measurements carried out by the stations situated around the user.



PPP (Precise Point Positioning) 



The Precise Point Positioning method (PPP) is a different approach which makes use of undif-
ferentiated code and phase observations from a single or dual-frequency receiver. This method 
is principally used in deferred time since it requires correction data to be received. PPP uses 
these precise orbital data and clock corrections to calculate an extremely accurate absolute 
position (static or kinematic) to the decimetre or even centimetre in kinematic mode using 
precise IGS products, available with 3 weeks delay. Unlike with RTK, common errors (the effect 
of tides or ocean loading, for example) are not eliminated. Obtaining a position that is both 
absolute (that is, not relative to a reference station) and extremely accurate makes it possible 
to observe phenomena such as Earth tides or crustal deformation under the influence of ocean 
loading. Some commercial service providers (Omnistar, Starfire, Veripos, etc.), referred as 
GSBAS (Global Satellite Based Augmentation System) offer commercial real-time correction 
products, broadcast via geostationary satellites, carried out thanks to a global sensor stations 
network. The claimed optimal precision is decimetric.



1.3.2 Receiver-level technologies : RAIM



RAIM (Receiver Autonomous Integrity Monitoring) is an algorithmic technology for improving 
integrity based on the use at receiver level of redundancy of the available GNSS pseudoranges, 
allowing comparison between the positions established by different groups of four satellites 
within visual range.
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RAIM can function in two ways. The first consists in detecting a ‘unhealthy’ (faulty) satellite 
(Fault Detection – FD) while the second detects and then excludes the unhealthy satellite from 
the positioning calculation made by the receiver, thus allowing the user to continue working 
(Fault Detection and Exclusion – FDE).



Certain RAIM algorithms can also use the speed and acceleration information provided by 
platform sensors (for example, accelerometers, altimeters, odometers, speed sensors, etc.), 
thereby improving their performance.



RAIM is generally used on commercial aircraft GPS receivers to provide autonomous monito-
ring of GPS signals.



A variant of the principle used for RAIM algorithms is AAIM (Aircraft Autonomous Integrity Moni-
toring), which is used in the aviation field but is equally applicable to other modes of transport. 
AAIM uses data generated through coupling with an inertial navigation system (INS) and takes 
advantage of INS-GPS complementarity. Though INS provides short-term error stability, inertial 
drift increases over time, while GNSS errors are limited temporally. GNSS and INS are there-
fore highly complementary, with GNSS serving to recalibrate INS, which in turn detects short-
term anomalies with GNSS.



RAIM and AAIM are also known by the term ABAS (Aircraft Based Augmentation System).



1.3.3 Space-based augmentation systems



Well before the operational deployment of GPS, research work was being conducted with 
the aim of improving the GPS signal using space-based augmentation, notably from the 80s 
onwards at the instigation of CNES and the DGAC (Civil Aviation Authority) in France. These 
were the beginnings of EGNOS, notably with the CE-GPS (European Complement to GPS) 
experiments.



But it was really from October 1994, when the US government offered civil aviation the possibi-
lity of using GPS free of charge (the Russians did the same with GLONASS in June 1996) that 
large-scale work got under way. 



It was then that ICAO (International Civil Aviation Organization) began studies on complemen-
tary systems to compensate for certain disadvantages of GNSS in terms of accuracy (essentially 
in the vertical, a phenomenon which at that time was made worse by the deliberate degradation 
applied to GPS until 2000), integrity, continuity of service and availability. Indeed, neither GPS 
nor GLONASS meet ICAO operational requirements in respect of the most critical phases in 
aircraft flight (in particular landing). This work gave rise to the SBAS (Satellite Based Augmen-
tation System) concept and the beginnings of the process of standardisation carried out by 
ICAO.
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The SBAS concept is based on the transmission of differential corrections and integrity messages 
for navigation satellites which are within sight of a network of reference stations deployed across 
an entire continent. A key characteristic of SBAS is that the data link frequency band and signal 
modulation are identical to those of GPS signals. In addition, the SBAS signal is broadcast by 
geostationary satellites able to cover vast areas, with each error source being isolated.



Several countries and regions have implemented their own satellite-based augmentation 
system. For example, the North American SBAS component, WAAS (Wide Area Augmenta-
tion System), covers the continental United States (CONUS), Canada and Mexico. The Euro-
peans, for their part, have EGNOS (the European Geostationary Navigation Overlay Service), 
which covers Europe’s “ECAC” area, while Japan is covered by MSAS (Multi-functional Satellite 
Augmentation System). Now, India and Russia have launched their own SBAS programme, 
respectively named GAGAN (GPS And GEO Augmented Navigation) and SDCM (System of 
Differentional Correction and Monitoring). 



Note: ECAC (the European Civil Aviation Conference) is an organisation of 44 Member States 
whose role is to promote intergovernmental cooperation on air transport matters in Europe.



FIGURE 2: ECAC Member States
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All of these systems are interoperable and adhere to the RTCA aviation standards, MOPS 
DO229D, while at the same time having their own unique characteristics. RTCA is an orga-
nisation that issues standards for civil airborne equipment. MOPS 229D (Minimum Opera-
tional Performance Standards for Global Positioning System/Wide Area Augmentation System 
Airborne Equipment version D) describes the implementation of SBAS services for receivers 
in civil aviation use. An annex to DO229D contains the specifications for the SBAS signal and 
message. This document is available for a fee and can be obtained from the RTCA website at 
http://www.rtca.org. The RTCA provides regular updates to these standards.



The various SBAS systems (WAAS, EGNOS, MSAS, GAGAN) were developed in accordance 
with this common standard and are therefore all compatible (in other words do not interfere with 
each other) and interoperable: a user with a standard receiver can benefit from the same level 
of service and performance whether located in the EGNOS or WAAS coverage area.



Applications of SBAS



Outside the civil aviation sphere, SBAS systems are used in all fields where accuracy and inte-
grity are of foremost importance. In particular, SBAS is indispensable for all applications where 
people’s lives are at stake or for which some form of legal guarantee is required.



SBAS makes it possible, for example, to improve and extend the scope of applications for GPS 
in areas such as precision farming, the guidance of agricultural machinery, on-road vehicle fleet 
management, oil exploration for the positioning of platforms out at sea or scientific applications 
such as geodesy, etc.



The following figure illustrates the coverage areas of the various SBAS systems.



FIGURE 3: Coverage areas of SBAS systems 
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1.4  EGNOS 



The European Geostationary Overlay Service (EGNOS) complements the American GPS 
system, which is made up of a number of navigation payloads aboard satellites in geostationary 
orbit, a ground-based network comprising a series of positioning stations and several control 
centres, all of which are interconnected. 



EGNOS, while dependent on GPS, is able to offer services today that are close to those that in 
future will be offered by Galileo:



• by improving GPS positioning accuracy;



•  by providing the user with information on GPS reliability by sending “integrity messages” 
giving confidence thresholds and alarms in the event of anomalies;



• by emitting a signal synchronised with Coordinated Universal Time (UTC).



 



Three principal players have been behind the development of EGNOS: the European Union, 
represented by the European Commission, the European Space Agency (ESA) and Eurocontrol 
(European Organisation for the Safety of Air Navigation). 



The European Space Agency acted as system prime during the development, validation and 
initial exploitation phase until March 2009. Eurocontrol established the requirements called for 
by system users among the civil aviation community. The European Union contributes towards 
codifying the requirements of all its users and validating the system. It also takes care of the 
establishment of EGNOS by taking all the necessary measures, notably the leasing of the 
payloads for the geostationary satellites.



The industrial prime contractor role for EGNOS has been given to France’s Thales Alenia 
Space.



EGNOS funding up until the exploitation phase was provided by ESA in the context of its Artes 9 
programme, by the EU through its TEN-T budgets and 5th and 6th R&D Framework Programmes, 
and by air navigation service providers (AENA (Spain), DFS (Germany), DSNA (France), ENAV 
(Italy), NATS (United Kingdom), Skyguide (Switzerland), and NAV-EP (Portugal). These service 
providers joined forces in 2001 to set up a European Economic Interest Grouping (EEIG), 
christened ESSP (European Satellite Services Provider), which allowed it to become EGNOS 
operator and to coordinate the activities of its members in providing operations and system 
maintenance tasks. ESSP, initially headquartered in Brussels, transferred to Toulouse in 2008, 
in doing so becoming ESSP SAS, a limited liability company under French law.
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1 Why do we need EGNOS?



In 2005, under contract from ESA, ESSP started the initial operation phase of EGNOS with 
a view to its qualification. In April 2009, system ownership was transferred to the European 
Commission, now in charge of the contracts for the exploitation and maintenance of the system, 
which is expected to have a nominal exploitation of at least 20 years. In July 2010, ESSP 
went through a process of certification to become an Air Navigation Service Provider, first step  
to declaration of Safety of Life service which has been awarded by European Commission in 
March 2011.
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2 ADVANTAGES OF EGNOS



2.1  ADVANTAGES OF EGNOS



 As stated above, as it currently stands, the EGNOS system enables users with an EGNOS-
compatible GPS receiver: 



• to improve positioning accuracy by a factor of two to three;



•  to have integrity data for validating the signals transmitted by GPS satellites: they have 
confidence thresholds regarding the calculated position and are alerted in near-real-time 
(less than 6 seconds) of any data reliability shortcomings;



• to benefit from accurate and reliable synchronisation with UTC;



• to improve availability.



 



FIGURE 4: EGNOS functionality



Note: to date, the functionality of providing additional pseudorange measurements  
from geostationary satellites has not been activated.



2.2  HOW TO USE EGNOS



To benefit from the advantages provided by EGNOS, users need simply use an EGNOS-compa-
tible GPS receiver. Thanks to the broadcasting of signals that are compatible and interoperable 
with GPS signals (with frequency and modulation identical to GPS), these receivers differ very 
little from standard GPS receivers and do not require a communications connection to refe-
rence stations.
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Access to the EGNOS signal is, like the civil GPS signal, free of charge. Most commercially 
available receivers for professionals and the general public use the EGNOS signal.



It is also possible to access EGNOS messages by means of other distribution channels 
available on the internet such as SISNeT and EDAS. These channels are presented in detail 
in section 4.



2.3  SERVICES TERMINOLOGY



In the official literature, the services provided by EGNOS are often grouped together using the 
following terms:



• Open Service (OS) refers to the use of accuracy improvement. 



•  Safety-of-Life (SoL) refers to use of the integrity function. This service was originally intended 
for the world of safety-critical transport (aviation, shipping, railways, etc.) but is also suited to 
other applications such as those requiring legal guarantees.



•  Commercial Data Distribution Service (CDDS) refers to the use of additional data by certain 
professional users. This service is not provided by the EGNOS signal broadcast by the geos-
tationary satellites but by the EDAS system (see section 4.2).



2.4  EGNOS PERFORMANCE LEVELS



2.4.1 Accuracy



One of the main advantages of EGNOS is the improved accuracy in relation to a position solely 
calculated using GPS, by the broadcasting of differential corrections to GPS orbits, GPS clocks 
and the ionosphere.



The horizontal accuracy provided is of the order of 1 to 3 metres, the vertical accuracy 2 to 
4 metres (2σ, 95%), see diagram in section 7.1 .



In addition, EGNOS was also designed to free users from the intentional degradation of the civil 
GPS signal by Selective Availability (SA), which has been deactivated since May 2000.
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2.4.2 Integrity



The GPS system’s errors or malfunctions may, depending on the satellite geometry, have 
serious repercussions for user safety if not detected in time and restrict significantly the range 
of possible applications.



Another important EGNOS differentiator is the integrity it delivers. 



Indeed, in contrast to GPS for which no guarantee is given, EGNOS broadcasts an integrity 
signal giving users the capacity to calculate a confidence interval, alerting them when a GPS 
satellite malfunctions and is not be used for an application where safety is a factor. The data 
produced and transmitted by EGNOS thus include estimates of GPS satellite orbit and clock 
errors and estimates of errors due to GPS signals crossing the ionosphere. These parameters 
enable users to evaluate a limit from its position error.



Four parameters characterise integrity:



•   alarm limit;



•   protection level;



• integrity risk;



• Time To Alarm (TTA).



If the positioning error exceeds the stated protection level, an alarm must be transmitted to the 
user. That alarm must be received by the user within the Time To Alarm limit. The probability of 
an alarm not being transmitted to the user within the time limit must be lower than the integrity 
risk.



Users of a GNSS system wishing to obtain a certain degree of integrity must state their needs 
in line with these four parameters for a given application.



EGNOS is specified to deliver the following integrity performance levels:



  



Parameter Performance Level



Integrity risk 2x10-7 per 150 seconds



Time To Alarm 6 s



Vertical Alarm Limit 50 m



Horizontal Alarm Limit 40 m
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The required 6s Time To Alarm between the point when the problem impacts the user and the 
moment when the alarm is available at the user end is both a major and very design-critical 
component of the EGNOS system. 



In practice, since the actual position error is unknown to the user, estimates of these errors 
called “Protection Levels” (XPL, X designating the horizontal H or vertical V component) are 
compared to the alarm limits. A civil aviation approach procedure corresponding to an alarm 
level XAL will be authorised only if the XPL protection level is less than XAL.



See also the presentation of the Stanford diagram in Annex 9, which can be used to measure 
integrity performance from a receiver in a known position.



FIGURE 5: Integrity limits principle



EGNOS has therefore been so designed to enable users to perform more critical operations 
and to provide them with XPL limiting the actual error with a probability factor of the order of 
10-7.



The XPLs can be calculated from certain data supplied by the EGNOS system and the geometry 
of the GPS satellites used. (See Annex 7).



EGNOS broadcasts parameters which enable users to assess the degree of confidence they 
can have in the differential corrections and to estimate a limit to their positioning error.
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2.4.3 Synchronisation with UTC



The EGNOS system uses a system time known as ENT (EGNOS Network Time), linked to UTC 
(Coordinated Universal Time), notably through the installation of an EGNOS ground station on 
the site of the Observatoire de Paris, which itself provides UTC reference time for France.



All the differential corrections broadcast by EGNOS are referenced according to ENT. Thus, the 
time obtained by the user when he calculates his position using EGNOS data is also referenced 
in ENT, not in GPS time.



In addition, EGNOS also broadcasts a specific message containing several parameters allowing 
the receiver to estimate a UTC. The user then has a precise, reliable time directly synchronised 
with UTC. Section 6.4 and Annex8 describe the way to link ENT time to UTC time.



The accuracy obtained relative to UTC is less than 50 nanoseconds.



Note: UTC (Coordinated Universal Time) represents a time scale which serves as international 
reference time. It is close to Universal Time, UT, directly linked to the Earth’s rotation and differs 
from International Atomic Time (TAI) by an integral number of seconds.



2.4.4 EGNOS Reference frame



Though very close, EGNOS corrections are not directly referenced to GPS terrestrial reference 
frame (WGS84) but are periodically aligned on ITRF (International Terrestrial Time Frame) in 
order to provide a consistency of an order of a few centimetres.Therefore, this means that, for 
most applications, positions provided by an EGNOS receiver can be used in WGS84 frame, 
including GPS cartography databases. 



2.5  COVERAGE



Unlike the GPS system, which uses dedicated satellites on medium orbits at roughly 20,000 km 
altitude in 6 different orbital planes, the EGNOS system uses payloads on board 3 telecommu-
nications satellites placed in geostationary orbit at an altitude of 36,000 km.



Note: geostationary orbits are geosynchronous orbits (having a period of revolution identical to 
that of the Earth) in the equatorial plane, with the result that a satellite following that orbit always 
appears stationary relative to any point on the Earth’s surface.
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As things stand in 2011, the EGNOS signal is broadcast by three geostationary satellites: two 
Inmarsat and ESA’s Artemis satellites, positioned above Africa and East of the Atlantic. These 
three satellites’ orbits are in the equatorial plane, at three different longitudes, with each able to 
broadcast EGNOS services across the whole ECAC area.



Unlike the GPS and GLONASS satellites, these three space platforms carry no signal genera-
tors. They are fitted with a transponder which does nothing more than relay the signal processed 
on the ground and sent into space.



As with GPS satellites, each EGNOS satellite is allocated a unique PRN (Pseudo-Random 
Noise) number, which allows it to be identified by the user. 



The NMEA standard, used in output mode by most commercially available receivers, allocates 
a unique identifier to each EGNOS satellite, as described in the table below.



As a general rule, 2 satellites out of the 3 available are used operationally for the broadcasting 
of the EGNOS message, the 3rd being used for the purposes of maintenance, testing and vali-
dation. The table below describes the situation at the time of writing of this guide, but that situa-
tion is subject to constant change. The reader is therefore advised to go to the ESSP or ESA 
websites (see section 09 for the list of links from which to obtain operational situation pertaining 
to the EGNOS satellites).



Satellite PRN ID(NMEA) Position



ARTEMIS 124 37 21,5 E



INMARSAT 
AOR-E 120 33 15,5 W



INMARSAT 
IOR-W 126 39 25 E



FIGURE 6: EGNOS satellite coverage



It should be noted that geostationary satellites, due to being positioned in the equatorial plane, 
are vertically above a user located at the Equator. Therefore, the further a user travels towards 
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the poles (towards high latitudes), the more the satellite drops down towards the user’s horizon. 
When the satellite is too close to the horizon, it is no longer usable. As regards EGNOS, beyond 
latitude 75°, the service becomes barely usable. 



Sometimes it is necessary to calculate the elevation of the EGNOS geostationary satellites 
relative to one’s position to see whether they will be visible in the area intended for the use of 
the application. Annex 4 details the method for calculating the elevation of the geostationary 
satellites relative to one’s position.

















31



3 EGNOS ARCHITECTURE



 EGNOS service provision requires the following steps:



 • Step 1 : Collection of measurements and data from the GPS satellites.



 •  Step 2 :  Calculation of differential corrections, estimation of residual errors and generation 
of EGNOS messages. 



 •  Step 3 : Transmission of EGNOS messages to users via the geostationary satellites.  



A data integrity verification process is conducted in parallel with these steps.



EGNOS, like GPS, consists of three segments: a space segment, which comprises the payloads 
of the three satellites, a ground segment, which is composed of the terrestrial infrastructure, 
and a user segment, made up of all the receivers.



EGNOS also includes a support segment consisting of the following two entities: 



•  The Performance Assessment and Checkout Facility (PACF), which serves to coordinate 
operations and maintenance, and monitors the functioning of the system,



•  The Application Specific Qualification Facility (ASQF), which provides applications support 
and the user interface.



The operational components are all interconnected via the EGNOS Wide Area Network (EWAN) 
and are designed to transmit data in near real time.



FIGURE 7: EGNOS Infrastructure 
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3.1  STEP 1:
  COLLECTING MEASUREMENTS AND DATA FROM THE GPS



RIMS network



To ensure optimum, continuous gathering and observing of measurements and data from the 
various visible GPS satellites and of ionospheric variations, a network of observing stations 
called Ranging and Integrity Monitoring Stations (RIMS) was set up, mainly in Europe. 



The RIMS gather data and transmit them at a rate of 1 Hertz to the computation centres or 
Central Processing Facilities (CPFs) for exploitation. 



There are three types of RIMS:



•  Type A RIMS supply raw measurements from visible EGNOS/GPS satellites.  
These data are used by the CPFs to calculate corrections and estimate confidence 
thresholds.



•  Type B RIMS also supply raw measurements from visible EGNOS/GPS satellites.  
These data are used by the CPFs to verify broadcast messages and guarantee  
EGNOS integrity.



•  Type C RIMS are given over to the detection of specific faults known as «evil waveforms» 
(a corrupted navigation signal waveform caused by an anomaly on board a GPS satellite).



The EGNOS system comprises about 40 RIMS located mainly inside and around its service 
area. 



There are also a few RIMS in Canada, French Guiana and South Africa to improve orbit deter-
mination performance.
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FIGURE 8: EGNOS SITES (Courtesy ESSP) in April 2011



3.2  STEP 2:
  CALCULATING DIFFERENTIAL CORRECT AND ESTIMATING
  RESIDUAL ERRORS



Consolidation of data and calculation of corrections by means of CPFs and MCCs



Data gathered by the RIMS are processed by the Central Processing Facilities (CPFs), 
which estimate the differential corrections and integrity information and generate the EGNOS 
messages.
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FIGURE 9: How CPFs work 



For redundancy and maintenance purposes, there are five identical CPFs, distributed over four 



sites known as Mission Control Centres (MCCs). Two of the CPFs are at Langen (Germany), 



one is at Torrejón (Spain), another at Swanwick (United Kingdom) and the fifth at Ciampino 



(Italy).



3.3  STEP 3:



  TRANSMITTING THE EGNOS MESSAGES TO USERS VIA



              THE GEOSTATIONARY SATELLITES



Satellite uplinking: NLES



The Navigation Land Earth Stations (NLES) receive the EGNOS messages from the CPFs and 



transmit them to the geostationary satellites for broadcasting to users, ensuring synchronisation 



with the GPS signals. Two NLES (one active and one providing hot redundancy) are deployed 



for each geostationary satellite, making six NLES in total.



Distributing data to users: the geostationary satellites



EGNOS messages received by the three geostationary satellites are transmitted directly to 



users. The message sequences differ between the three satellites.



3 EGNOS architecture
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4 OTHER WAYS OF ACCESSING EGNOS



4.1  SISNET (SIGNAL IN SPACE THROUGH THE INTERNET)



 SISNeT is a service offered by the European Space Agency (ESA), available on the internet, 
enabling EGNOS differential corrections and integrity information to be accessed in real time. It 
is a free service but users need to register with the European Space Agency. For details go to 
http://www.egnos-pro.esa.int/sisnet/uas.html.



The service is normally used via mobile internet connections (GSM, GPRS, etc.). The messages 
sent are EGNOS messages. 



The service makes it possible to:



•  Receive EGNOS messages even when the receiver does not have the EGNOS function. 
However, it must be able to use the data transmitted by SISNeT, that is, integrate the diffe-
rential corrections and integrity information;



• Access EGNOS data in areas where the geostationary satellites are masked.



Important: this system is available only if the receiver has internet access capability.



Regarding coverage, all mobile telephony operators offer access to the internet in Europe. The 
SISNeT service is therefore accessible almost everywhere in Europe. Moreover there is an 
increasing number of wifi hotspots in towns and cities.



SISNeT has been operational since May 2006. 



For further information, go to http://www.egnos-pro.esa.int/sisnet
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4.2  EDAS (EGNOS DATA ACCESS SYSTEM)



European Commission has put in place a system to make EGNOS data available: EDAS. 
This system allows to have access to data issued from EGNOS infrastructure. Main types of 
available data are the following:



•  GPS, GLONASS and EGNOS GEO raw data collected by RIMS stations network.



• EGNOS augmentation messages, as received by a user via EGNOS geostationary satellites. 



• Coordinates of RIMS antenna phase centre.



Details of this information and means to access it are described on GSA website on page:



http://www.gsa.europa.eu/go/egnos/edas



4 Other ways of accessing EGNOS
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5 EGNOS MESSAGES



5.1  SIZE AND BIT RATE



The EGNOS system transmits its messages over band L1 (1575.42 MHz) at a rate of 250 bits 
per second. It uses the same modulation as GPS, but at a transmission rate five times higher. 
The size of every message transmitted is 250 bits, which enables one message to be trans-
mitted per second.



5.2  MESSAGE TYPES



Several message types can be transmitted by the system; the various message types currently 
standardised are listed below.



 



FIGURE 10: List of EGNOS messages



 5.3 STRUCTURE OF MESSAGE TYPES



All EGNOS message types can be broken down into the following structure:



•  The first 8 bits of each 250-bit message correspond to part of the preamble. The preamble 
is a unique 24-bit word (01010011 10011010 11000110), spread over three successive 
messages, which enables the initial part of the data to be synchronised (during the acquisi-
tion phase).
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•    The next 6 bits identify the message type (0 to 63).



•  The subsequent 212 bits correspond to the useful data contained in the message – which 
are specific to the message type (see section 6).



•  The last 24 bits correspond to the parity bits, which ensure that the data were not corrupted 
during transmission (no bit error).



 



FIGURE 11: Messages type structure



5.4  MESSAGE VALIDITY PERIOD



The EGNOS system is designed to provide users with the most up-to-date integrity parameters 
and differential corrections. 



However, EGNOS allows for the possibility of a user not being able to receive all the messages 
due for example to an erroneous bit. In such a case, in order to guarantee system performance, 
certain users need to apply degradation models to the information supplied (for example, aircraft 
in precision-approach phase).  



 



FIGURE 12: Message validity principle
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Refresh and validity periods:



For each message type transmitted, there is thus a maximum refresh period which must be 
taken into account by the system in the transmitted signal. A validity period is also defined; it 
must be applied by the user and can depend on the application. These intervals and periods 
are given in the table below.



Types Data contained Refresh 
period(s)



Validity period



En Route,
Terminal, NPA



Precision
Approach



0 Don’t use for safety applications 6 60 60



1 PRN mask 120 note 2 600 600



2 to 6, 24 UDREI 6 18 12



2 to 5, 24 Fast Corrections Variable note 1 Variable note 1 Variable note 1



24, 25 Long Term Corrections 120 360 240



9 GEO Navigation Data 120 360 240



7 Fast Correction Degradation 120 360 240



10 Degradation Parameters 120 360 240



18 Ionospheric Grid Mask 300 note 2 1200 1200



26 Ionospheric Corrections 300 600 600



12 UTC Timing Data 300 86400 86400



17 Almanac Data 300 None None



27 Service Level 300 (if used) 86400 86400



Note 1: The value depends on the degradation factor for the fast corrections (for further infor-
mation, refer to section 2.1.1.4.9 of MOPS [DR2]). 



Note 2: When the masks are modified (see sections 6.1 and 6.2), message type 1 or 18 must 
be repeated several times before the new mask can be used. This ensures that all users have 
received the new mask before it is applied.



In addition, the EGNOS system also continuously monitors the correctness of the values broa-
dcast throughout their validity period.



The sequencing of the various broadcast message types takes account of constraints that are 
due to the validity periods and refresh periods of each message. This sequencing is not predic-
table (reaction of system algorithms to the internal and external environment) and differs from 
one geostationary satellite to another.
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Degradation models 



For some corrections, the user should apply degradation models between two refreshes and 
during the validity period.



Degradation factors are provided by message type 10 for long-term and ionospheric corrections 
and by message type 7 for fast corrections (especially for UDRE degradation). For further infor-
mation, refer to section A.4.5 of MOPS [DR2]).



5.5  TYPE 0 AND TYPE 0/2 MESSAGES



5.5.1 What purpose do they serve?



Message type 0 (MT0 is transmitted by EGNOS for as long as the signal is uncertified by Civil 
Aviation, as this is the case with the test signal. The broadcasting of this message therefore 
means that information provided by the system does not have to be used for safety of life appli-
cations (for example, civil aviation). 



Since March 2011, EGNOS has been officially declared usable for Safety of Life Applications 
(SoL Service). MT0 message has therefore been removed from operational messages trans-
mitted by EGNOS.



Message type 0 content:



During these test phases, the content of MT0 is nevertheless identical to that of MT2 and can 
therefore be used in the same way (i.e. fast corrections will be provided, the only difference 
being the message identifier). The message is therefore known as MT0/2.



MT0 may also be transmitted when a major problem occurs and the entire system becomes 
unavailable. When that happens, the MT0 content is completely empty and EGNOS must not 
be used for any applications at all.



5.5.2 What impact does this have on my receiver?



In the case of non-safety of life applications and in order to enable the utilisation of the data 
transmitted by EGNOS, most receivers can process the data contained in MT0/2. 



Where this is the case, you must simply make sure that MT0/2 processing is activated by 
default in the receiver or that it can be activated by the user; see section 11.



5 EGNOS messages
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6 HOW TO USE EGNOS MESSAGES



 This section describes the main types of EGNOS message. A more detailed description of 
the messages can be found in MOPS [DR2], which is the official reference. 



6.1  APPLYING THE PRN MASK



Each GPS satellite, and each EGNOS satellite, has a unique pseudo-random noise (PRN) 
code, which makes it identifiable by the user. 



Message type 1 (MT1) contains what is known as «PRN mask» data. This mask enables the size 
of EGNOS messages to be optimised by showing to which satellites (PRN) the data contained 
in the other, subsequent messages are related. The mask contains 51 bits. An nth bit at 1 shows 
that the nth satellite is being monitored by EGNOS.



Bit mask Satellite PRN



1-37 GPS PRN constellation



38-61 Glonass slot number plus 37



62-119 Future constellations



120-138 GEO/SBAS PRN



139-210 Future constellations



In the example below, the PRN mask shows that EGNOS will supply (in its subsequent 
messages) corrections and integrity information for the GPS satellites whose PRN codes are 3, 
5 and 7. The first correction supplied by EGNOS will correspond to PRN3, the second to PRN5, 
and so on.
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Bit N° 1 2 3 4 5 6 7 ...



PRN 
Mask 0 0 1 0 1 0 1



PRN 
Code 



N°
GPS 



PRN 3
GPS 



PRN 5
GPS 



PRN 7



FIGURE 13: PRN mask 



6.2  USING DIFFERENTIAL CORRECTIONS



6.2.1 General information on differential corrections



A short explanation is required here on what is done by EGNOS on the corrections, and what 
needs to be processed at application and/or receiver level. Thus:



•  In the case of the ionospheric correction parameters, the user must choose either to use the 
GPS’s Klobuchar parameters or to apply the parameters from the ionospheric grid trans-
mitted by EGNOS (which is far more accurate).



•  For the other parameters – ephemeris corrections and/or clock corrections, Timing Group 
Delay (TGD) correction – GPS corrections must be applied first, and then the EGNOS 
corrections.



6.2.2.  Issue of Data (IOD)



IODs are attributes of masks and of current long-term and fast corrections. They are therefore 
set inside the concerned messages and enable the various data transmitted as well as the 
successive updates to be handled in a coherent manner.



• IODP (Issue of Data PRN) identifies the current PRN mask.



•  IODFj = IOD Fast Corrections identifies current fast corrections (j refers to the type of 
message (2 to 5)).



• IODE = IOD Ephemeris identifies current long-term corrections.



• IODI = IOD Ionosphere identifies current ionospheric corrections.
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6.2.3. Ionospheric corrections



To estimate the ionospheric error for each receiver/satellite line of sight, the receiver must  
identify the Ionospheric Pierce Points (IPPs). 



Each IPP is defined as being the intersection between the atmospheric layer located at an  
altitude of 350 km and the line originating at the receiver position and which is directed at the 
GPS satellite in question.



Earth
Centre



Earth
Ellipsoid



Local tangent
plane



User



E
hi



Re



Ionosphere



Pierce
Point



Direction
To SV



Φpp, λpp



Ψpp



Φu, λu



IGP : Ionospheric
Grid Point



FIGURE 14: Principle of the Ionospheric Pierce Point (IPP)



EGNOS transmits ionospheric corrections enabling the ionospheric error to be estimated for 
each IPP. These ionospheric corrections are broadcast for each of the points on a virtual grid 
situated at an altitude of 350 km. These points are called Ionospheric Grid Points (IGPs).



The receiver knows the position of these particular points and the estimated delay for each of 
them and is thus able to estimate the ionospheric delay for each IPP and therefore each pseu-
dorange. In order to do that, the receiver must perform an interpolation between the values 
provided for the IGPs close to each IPP. The receiver takes into account an obliquity factor 
(angle at which the ionosphere is traversed).



 



FIGURE 15: IPP interpolation principle
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The IGP grid consists of 11 bands numbered 0 to 10 (Mercator projection). Bands 0 to 8 are 
vertical, and bands 9 and 10 are defined horizontally around the poles, there being a total of 
1808 IGPs. The following figure shows bands 0 to 8:



 



N 8 5
N 7 5
N 6 5
N 5 5



S 5 5
S 6 5
S 7 5
S 8 5



W 1 4 0 W 1 0 0 W 6 0 W 2 0 E 2 0 E 6 0 E 1 0 0 E 1 4 0



Band 0 Band 2 Band 4 Band 6 Band 8



FIGURE 16: IGP grid



In each of the bands 0 to 8, the IGPs are numbered 1 to 201, as shown below:



North



West



28 51 78 101 128 151 178 201



East



27 50 77 100 127 150 177 151



.. .. .. .. .. .. .. ..



.. .. .. .. .. .. .. ..



.. .. .. .. .. .. .. ..



2 30 53 80 103 130 153 180



1 29 52 79 102 129 152 179



South



FIGURE 17: IGP numbering principle



In bands 9 (North Pole) and 10 (South Pole), the IGPs are numbered 1 to 192 from West to East 
and by increasing latitude.
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In theory, EGNOS transmits data only for IGP marked in black or blue in the figure below. 
In practical terms, only IGP marked in blue are monitored on a regular way.



FIGURE 18 : EGNOS IGP Masks



6.2.3.1 Message type 18: IGP mask



Again with the aim of optimising message size, the mask principle is applied once again to 
associate ionospheric corrections with the IGPs to which they relate. Each message contains 
the mask for one band. A bit positioned at 1 means that the information is provided for the 
corresponding IGP.



6.2.3.2 Message type 26: ionospheric corrections



Type 26 messages provide, for the IGPs present in the mask, data for computing the ionos-
pheric corrections or Grid Ionospheric Vertical Delay (GIVD) and a parameter for estimating the 
accuracy of corrections (σ2



GIVE), called a GIVE indicator (GIVEi).



This information can be provided for a maximum of 15 IGPs per message. As the ionospheric 
bands can contain up to 201 IGPs, the IGPs present in the mask are grouped into blocks of 
15 IGPs. Thus, block 0 contains data for the first 15 IGPs activated in the mask and so on.



 The σ2GIVE values are obtained through correspondence with the GIVE indicators transmitted 
in the message:



6 How to use EGNOS messages











46



GIVEi σ2
give (m



2) IGP Status
0 0.0084 Use
1 0.0333 Use
2 0.0749 Use
3 0.1331 Use
4 02079 Use
5 0.2994 Use
6 0.4075 Use
7 0.5322 Use
8 0.6735 Use
9 0.8315 Use



10 1.1974 Use
11 1.8709 Use
12 3.3260 Use
13 20.7870 Use
14 187.0826 Use
15 Not Monitored Not Monitored



On the basis of GIVD and σGIVE2 data provided for each GPS satellite in sight, and by applying 
an obliquity factor calculated from the elevation of the corresponding satellite (user’s view), the 
receiver obtains a slant range correction and a standard deviation value for the residual ionos-
pheric error (written σUIRE



2).



Note: An EGNOS receiver will usually automatically calculate ionospheric corrections; for details 
of the calculations to be done, refer to Annex 6.



6.2.4 Long-term corrections 



Long-term corrections are broadcast by EGNOS to correct long-term variations in the ephe-
meris errors (orbit parameters: δx,δy and δz ) and clock errors (δaf0) of the GPS satellites.



These corrections are provided in type 25 messages (long-term satellite error corrections).



 



 



 



FIGURE 19: Format of MT25 (long-term corrections)
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6.2.5 Fast corrections 



Fast corrections are broadcast by EGNOS to correct rapid variations in the ephemeris errors 
and clock errors of the GPS satellites.



These corrections are provided in type 2 to 5 messages. Message type 2 contains the data for 
the first 13 satellites of the mask that have the same IODP (Issue Of Data PRN) value. Message 
type 3 contains data on satellites 14 to 26 of the mask that have the same IODP value and so 
on. If the number of satellites in the mask (or in the remaining part of the mask) is less than 6, 
type 2 to 5 messages can be replaced by a message type 24. 



The structure of type 2 to 5 messages is as follows:



 



 



FIGURE 20: Format of MT2 to 5 (fast corrections) 



Type 2, 3, 4 and 5 messages also contain a parameter enabling the accuracy of corrections to 
be estimated, known as UDRE (or rather UDRE indicators: UDREi).



UDREi σ2
udre (m



2) Status of satellite
0 0.0520 OK
1 0.0924 OK
2 0.1444 OK
3 0.2830 OK
4 0.4678 OK
5 0.8315 OK
6 1.2992 OK
7 1.8709 OK
8 2.5465 OK
9 3.3260 OK



10 5.1968 OK
11 20.7870 OK
12 230.9661 OK
13 2078.695 OK
14 N/A Not Monitored (NM)
15 N/A Do not Use (DU)
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6.2.6 Message type 24: a special case



Message type 24 contains two types of correction (fast and long-term), as well as the associated 
integrity parameters (UDREi). Message type 24 can be broadcast if the number of satellites in 
the last mask is less than 6. The first part of the message will contain the fast corrections and 
the UDREis, while the second will contain the long-term corrections.



6.3  USING INTEGRITY INFORMATION



6.3.1 Generation of alerts and protection levels



Satellite Alarms



EGNOS transmits, for each GPS satellite being monitored, an integrity signal with three values 
showing whether:



• the status of the satellite is in keeping with use for a safety of life application (OK), 



• an anomaly has been detected with the satellite (Do not Use - DU) 



• the data on the satellite are insufficient to monitor it (Not Monitored - NM).



The system has 6 seconds in which to inform the user of any integrity fault, that is, no more 
than 6 seconds may elapse between the moment when the problem impacts the user and the 
moment when the alert is available to the user. The alert is repeated in the signal for 4 conse-
cutive seconds in order to counteract any message loss.



Anomaly information («Do not Use» and «Not Monitored») is transmitted within UDRE parame-
ters (values 14 and 15); see section 6.2.5.



Ionosphere alerts



EGNOS also transmits for each IGP being monitored an integrity signal with three values and 
showing its status if an anomaly is detected or if it is not being monitored.



However, the «Do not Use» alert is generated through the maximum value of the GIVD ionos-
pheric delay, not by a particular GIVE value.



As with the satellite alerts, the system has 6 seconds in which to inform the user of any integrity 
fault. Again, the alert is repeated 4 times.
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Protection levels



The parameters transmitted to estimate the accuracy of the corrections (GIVE and GIVD) enable 
the receiver to compute horizontal and vertical protection levels (see section 2.4.2).



Generally, only receivers used for aviation purposes calculate and automatically generate 
protection levels. However, the entire set of parameters needed to calculate them is broadcast, 
in particular through type 2 to 5, 6, 24, 18 and 26 messages (for details on the calculations to 
be done, refer to Annex 7.



6.3.2. Message type 6: a special case  



Type 6 messages are used in two instances: 



• to refresh UDRE indicators (UDREi) 



• to be able to broadcast satellite alerts very quickly if necessary (DU).



It should be pointed out that although UDREi are contained in messages 2 to 5 with the fast 
differential corrections, their validity period may require more frequent updating. 



Similarly, if broadcasting of an alert cannot wait until the next type 2, 3, 4 or 5 message is broa-
dcast, a message type 6 will be broadcast immediately.



A message type 6 contains integrity information on all the mask’s satellites (the maximum 
number of satellites in the PRN mask is 51). 



Such messages also contain Issue Of Data Fast Correction (IODF) data, which associate UDREi 
values with the corrections contained in the type 2 to 5 and 24 messages (type 6 messages are 
not directly linked to the mask).



 



FIGURE 21: MT6 format
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6.4  USING TIME DATA



The EGNOS system transmits via message type 12 the parameters for synchronising EGNOS 
Network Time (ENT), obtained during computation of the user’s position, with Coordinated 
Universal Time (UTC). MT12 is updated a maximum of every 300 seconds.



Note: Although all the parameters needed to calculate UTC are broadcast in the message type 
12, few receivers compute and automatically generate UTC from ENT. For details on the calcu-
lations to be done, refer to Annex 8.



6.5  GEO RANGING



Messages Type 9 and 17 aim at providing information about GEO satellites navigation. They 
indeed provide respectively ephemeris and almanac positions for these satellites. 



MT 17 contains the almanac for up to three GEO satellites, as well as Health and Status, mainly 
required for acquisition purposes. More information is available in MOPS Section A.4.4.12.



MT9 provide GEO ephemeris needed for the use of the GEO as a ranging source. In addition, 
a URA (User Range Accuracy), as defined for GPS satellites, is also provided. Details can be 
obtained in MOPS Section A.4.4.11.



Though data are actually included in these messages, GEO ranging service is currently disabled 
on EGNOS (Ranging Off).
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7 COMPARISON OF GPS AND EGNOS PERFORMANCE P



7.1  ACCURACY



 Improvements brought by EGNOS to the various GPS error components (and thus to final 
accuracy for the user) are shown in the following table: 



Error type GPS EGNOS



Orbit and clock synchronisation 1 m 0.5 m



Tropospheric error 0.25 m 0.25 m



Ionosphéric error 2 m 0.3 m



Receiver noise 0.5 m 0.5 m



Multipath 0.2 m 0.2 m



UERE (quadratic sum of errors - 1 σ) 2.31 m 0.83 m



HDOP (function of geometry of visible satellites) 1.1 1.1



Horizontal positioning accuracy error 
(1 σ) = UERE x HDOP



2.54 m 0.92 m



Horizontal positioning accuracy error (2 σ, 95 %) 5.08 m 1.84 m



TABLE 1: Summary of GPS-EGNOS errors: typical orders of magnitude



Note: Typical orders of magnitude are shown, with actual results depending on the conditions  
encountered, in particular: status of GPS constellation, place, date and time of day, elevation of satellites 
above the horizon, possible masking of satellites by obstacles, reflection of signals onto obstacles,  
behaviour of the ionosphere and troposphere, age of broadcast orbit and clock data, etc.



Thanks to the improvements made, an EGNOS receiver can provide accuracy in the order of 1-2 
metres (2σ), that is, two to three times more accurate than a standard GPS receiver. 



Moreover, EGNOS provides extremely good stability over time, as shown in the following graph 
(blue line). GPS accuracy, on the other hand, can be very variable (pink line), even though its 
overall performance is satisfactory. Using EGNOS makes it possible to overcome these occa-
sional positioning error variations.
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FIGURE 22: Improvement in GPS accuracy thanks to EGNOS (Brest, France)



The figure below displays horizontal positioning performances obtained with PRN 126 Geo  
Test SV.



FIGURE 23: Horizontal positioning performances obtained  
with PRN 126 Geo Test S/V»
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7.2  INTEGRITY



Despite its great accuracy, the reliability of data supplied by the GPS system is not guaranteed, 
notably in the event of a malfunction of an atomic clock onboard a satellite, which may lead to 
very significant positioning errors (see Annex 3, A3.3). Caution is therefore called for, depen-
ding on the applications for which GPS is used. 



This is where EGNOS input is key – thanks to permanent monitoring of the GPS constellation, 
it is able to assign a confidence level to the data transmitted to a user and detect GPS satellite 
faults.



What EGNOS does is transmit estimates of the confidence a user can have in the differential 
corrections. These data are used by the GPS/EGNOS receiver to work out the protection levels. 
The following graph shows, for a fixed receiver at a known position, that the vertical protection 
level (VPL – shown in green) «protects» the user properly by delimiting the actual vertical errors 
(in blue). The purple line represents the number of satellites seen by the receiver and monitored 
by EGNOS.



 



FIGURE 24: Integrity performance (Tromsoe, Norway)



The following graph shows EGNOS’ capacity to detect GPS faults, such as that which occurred 
in June 2006 in the active atomic clock on GPS satellite SVN30. This quickly led to errors of 
more than 1.6 km, observed at the Grasse, France site. EGNOS detected this anomaly almost 
instantaneously and informed all its users via the navigation message.



7 Comparison of GPS and EGNOS performance
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7 Comparison of GPS and EGNOS performance 



FIGURE 25: Fault detection



7.3  AVAILABILITY



EGNOS availability is usually calculated in relation to the percentage of time when the protec-
tion levels (HPL and VPL) are below their threshold values (set for a type of operation by the 
alarm limits, i.e. HAL and VAL). 



EGNOS is currently available over its service area for 99% of the time for the civil aviation 
service APV1 (HAL 40m/VAL 50m).



FIGURE 26: APV-1 service availability provided by EGNOS on 6 February 2011 
with the RIMS network then deployed  
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8 LIMITATIONS



The implementation of EGNOS has brought users many advantages. Its user interface 
complies with a standard common to all SBASs. It should be noted however that the ranging 
and GLONASS corrrection functionalities have not yet been implemented. 



The main utilisation limits are as follows.



Utilisation in a constraining environment



The EGNOS system was initially designed for use by aviation in the various flight phases, and 
particularly the most critical. This generally implies a clear environment in terms of satellite visi-
bility, and a spectrum management policy meeting ITU criteria. Use of EGNOS requires at least 
one of its three geostationary satellites to be in view. For terrestrial applications, especially in an 
urban environment, satellite visibility is often not as good as for aviation applications. 



This leads to potential masking not only of several GPS satellites but also of the EGNOS geos-
tationary satellite providing the differential corrections and integrity message. However, this can 
be resolved by using the SISNeT service (see section 4.1).



In some cases, accuracy of position computed by an EGNOS receiver can be degraded, 
compared to the one obtained by a stand alone GPS receiver. This is the case for example 
when the GPS receiver computes a position with more GPS satellites than a receiver using 
EGNOS, some of them being able to be excluded in this last case if an insufficient number of 
RIMS are able to monitor them. 



However, in the big majority of cases, EGNOS provides a better stability of position than GPS 
alone.



Moreover, the EGNOS error calculation model takes only general and marginal account of local 
errors arising from local multipath errors prevalent in this type of environment. The integrity 
concept cannot therefore be used as is in areas where these are prevalent (urban areas, forest 
cover, etc.). Action is being taken in various forums to look into solutions that would resolve this 
difficulty, for example further processing at receiver level.



Sensitivity to ionospheric effects



The EGNOS system has been designed to operate in single-frequency mode; this can give rise 
to degraded service availability in the event of very strong ionospheric turbulence.



Sensitivity to jamming



As GPS and EGNOS signals are received on the ground at very low power levels, they are 
relatively susceptible to jamming, deliberate or otherwise.
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9 FINDING OUT THE LATEST EGNOS STATUS



9.1  PROGRAMME STATUS



Detailed information on the EGNOS programme and its current status are available on the 
websites of the European Commission, GSA, ESA and ESSP (the EGNOS operator):



http://ec.europa.eu/enterprise/policies/satnav/egnos/index_en.htm



http://www.gsa.europa.eu/go/home/egnos/



http://www.esa.int/esaNA/egnos.html 



Site of the firm ESSP SAS (France) 
 http://www.essp-sas.eu/



9.2  CURRENT STATUS OF GEO SATELLITES



Information on the status and performance of the EGNOS system, and in particular on the availability of 
the geostationary satellites, is supplied in real time on ESSP User Support and ESA websites:



http://egnos-user-support.essp-sas.eu/  
http://www.egnos-pro.esa.int/IMAGEtech/imagetech_realtime.htm 



ESA Helpdesk for EGNOS: egnos@esa.int



9.3  USEFUL TOOLS



ESA has made a set of tools available to satellite navigation professionals at:
http://www.egnos-pro.esa.int 



GSA provides some tools for application developers available on its website:
http://egnos-portal.gsa.europa.eu/developer-platform/developer-toolkit



CNES also has a dedicated server providing access to an archive of EGNOS messages  
transmitted by each of the geostationary satellites.



http://sis-perfandata.cnes.fr 
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10    UPGRADES



Since March 2011, EGNOS system has been operational for aeronautical navigation thanks to 
opening of SoL - Safety of Life mode.



With the aim of improving performances and notably availability on the coverage area, the system 
undergoes periodic evolutions through installation of new RIMS or algorithm optimization. 



Moreover, EGNOS is fully interoperable with the GPS system, which is currently being moder-
nised: GPS will be transmitting new civil signals on the L5 frequency band and this will improve 
the system’s performance. In addition, Galileo, the European satellite navigation programme, 
should be operational in 2014 for IOC (Initial Operations Capability) Phase including a constel-
lation of 18 satellites in total. This will be followed by FOC (Full Operations Capability) phase 
which will see the full Galileo constellation (27 satellites + 3   spares).



A number of studies are currently being conducted to investigate potential EGNOS upgrades, 
particularly taking into consideration corrections and integrity of:



• GPS signals broadcast on L5,



• signals transmitted by Galileo system.  



Extending the coverage area to include countries on the edge of the European Union, as well 
as to Africa and the Middle East is also being considered.
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11  CHOOSING A RECEIVER  



 The choice of receiver depends on the targeted application, the EGNOS functions that will be 
used and the integration constraints. To begin with, you should establish whether the receiver 
correctly supports EGNOS, then select the interface type and lastly, check that the protocols 
supported by the receiver allow retrieval of the data required for the targeted application.



Receiver types



A number of different receiver types are available: 



Chipset: consists of one or two components that must be installed on a circuit board. The routing 
of the RF part is sensitive. This compact solution is also the least expensive ($1 to $5).



 



FIGURE 27: GPS Chipsets (Source SiRF)



Hybrid component: consists of a single component integrating the RF and signal processing 
parts to be installed on a circuit board. Routing is easier than with chipsets. The price is higher 
than for the chipset solution (around $10).



Auxiliary card (piggyback): all the receiver and peripheral components are integrated on a 
ready-to-use card which has to be connected to the final product’s main circuit board. It is an 
ideal solution for prototyping embedded applications. The unit cost is relatively high (between 
$10 and $100 depending on the model).
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FIGURE 28: OEM version of the receiver (source: Faxtrax)



OEM (Original Equipment Manufacturer) version: consists of the bare receiver (without casing). 
It then needs to be integrated in the casing that will house the application. This is also a good 
solution for quickly producing prototypes with embedded solutions. The price is in the same 
range as for the auxiliary card versions.



 



FIGURE 29: Stand-alone receiver (source: Thales)



Stand-alone: consists of a complete receiver, which comes in a number of different forms 
(portable, rackable, etc.). Prices vary from a few tens of dollars to several thousand dollars for 
professional receivers.



 



What is meant by “WAAS Capable” and “WAAS Enabled”?



When selecting a receiver, it is essential to check that it supports the information generated by 
EGNOS and to understand how this is taken into account. In particular, it is important to identify 
how the MT0 message is interpreted, what kind of corrections are used, and above all, in the 
event that some of the calculations relating to EGNOS corrections are performed outside the 
receiver, to ascertain whether the EGNOS message is available as output from the receiver. 
The possibility of excluding a satellite used for tests must also be considered.



11 Choosing a receiver
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In fact, although some manufacturers clearly specify that EGNOS is supported, others indicate 
that their receivers are “WAAS Capable” or “WAAS Enabled”, with WAAS referring to both the 
north American SBAS system and the SBAS standard. In practice, “WAAS Capable” means 
that the receiver can use SBAS services but that this function needs to be activated (once only, 
or each time it starts up). “WAAS Enabled” usually means that SBAS reception is activated by 
default by the receiver.



The best course of action is to ask the manufacturer for details on how EGNOS is implemented 
and/or to request a sample from the reseller in order to conduct tests.



Interface types and protocols



Several interface types are offered by receiver manufacturers. Among the most common are 
asynchronous serial interfaces complying with TTL, RS232 or Bluetooth formats. Receivers 
specialising in time applications use TCP/IP or 1PPS (1 Pulse Per Second) interfaces.



With regard to communications protocols, manufacturers generally use proprietary protocols 
which give access to (almost) all the data (pseudoranges, satellite navigation messages, SBAS 
messages, etc.) associated with a standardised protocol, NMEA 0183. Some receivers also 
generate data in RINEX (Receiver INdependent EXchange) format.



RINEX



RINEX is an exchange format that is independent of the receiver. It was developed by the 
Astronomical Institute of the University of Bern in order to provide data in a single format that 
has been collected in proprietary formats by different brands of receiver. This format is gene-
rally supported by professional receivers. It is also used by IGS servers for supplying GNSS 
data. In this format, the GNSS data are provided as text files. There are six distinct file types, 
containing:



• observation data



• GPS navigation messages



• meteorological data



• GLONASS navigation messages



• navigation messages from the geostationary satellites 



• information on receiver and satellite clocks.



A description of this format is available free of charge on the University of Bern server



 (ftp://ftp.unibe.ch/aiub/rinex/rinex211.txt).
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NMEA 0183



The National Marine Electronics Association (NMEA) is an American organisation whose aim 
is to standardise the interfaces of the electronic equipment carried on ships. The defined stan-
dards include NMEA 0183, which relates to the GPS receiver and which has been adopted 
by the majority of receiver manufacturers owing to its simplicity and flexibility. The aim of this 
section is not to provide full details of the NMEA standard (the complete standard, which can be 
purchased for a fee, is available at http://www.nmea.org) but to provide important information 
about SBASs and EGNOS in particular.



The NMEA 0183 standard specifies both the protocol and the physical link between the receiver 
and the host equipment. The latest version of the standard is 3.01, which was published in 
January 2002. With regard to NMEA 0183 v3.01, the standard specifies the use of an RS232 
type link, a baud rate of 4800, 8 bit, no parity, 1 stop bit (8N1). An addendum to this standard 
(NMEA 0183-HS v1.01) specifies a rate of 38400 baud.



The data from the receiver are sent as data packets containing a maximum of 80 characters. 
The receiver can send a maximum of 6 packets per second (due to the transfer rate). Data 
are encoded as directly readable ASCII characters. These packets are referred to by the stan-
dard as “sentences”. The NMEA protocol is bi-directional. Not only can data be received, but it 
can also be sent to the receiver. NMEA 0183 standardises a certain number of sentences, all 
beginning with $GP. In addition, some manufacturers add specific sentences to their products 
identified by $PXXX where XXX is a manufacturer’s code allocated by the NMEA association 
(for example SRF for SirF, SSN for Septentrio. The list of codes is available free of charge from 
the NMEA website).



Most of the time, manufacturers of GPS equipment do not implement all of the sentences. 
Nevertheless, the receivers transmit the six main sentences: GGA, GLL, GSA, GSV, RMC and 
VTG.
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Message name Description



$GPGGA
Global positioning system fixed data. This message gives lati-
tude, longitude, altitude and time, the HDOP and number of visible 
satellites.



$GPGLL Geographic position - latitude / longitude. This message gives the 
latitude, longitude and time.



$GPGSA
GNSS DOP and active satellites. This message gives the list of 
satellites used to calculate the PVT solution, as well as information 
on the geometry of these satellites (Dilution Of Precision).



$GPGSV GNSS satellites in view. This message gives the elevation, azimuth 
and the signal-to-noise ratio of the satellites used by the receiver.



$GPRMC Recommended minimum specific GNSS data. This message gives 
the time, longitude, latitude, speed and course.



$GPVTG Course over ground and ground speed. This message gives infor-
mation on the speed and course.



Annex 5 to this guide explains how to ensure EGNOS is using the NMEA protocol. 



The following table provides a non-exhaustive range of EGNOS compatible receivers, as well 
as their characteristics. Data from this table are manufacturer ones and have not been tested in 
the frame of this guide writing. Most Mass-Market as well as some professional receivers use 
EGNOS signals and messages but without processing integrity parameters. 



For more details, refer to datasheets or ask clarifications to manufacturers. You can also consult 
the receiver list managed by GSA at the following address: 
http://egnos-portal.gsa.europa.eu/developer-platform/developer-toolkit/receiver-list.
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11 Choosing a receiver
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BOITIER ASHTECH ADU5 (3D Attitude Sensor)  56      <6W 215x95x195 90s     NS



OEM ASHTECH DG14 Receiver  14        1,2W to 1,6W 108x57 90s   



BOITIER ASHTECH DG14 Sensor  14        1,3W to 1,7W 95x42x168 90s   



OEM ASHTECH MB 100 Board   45        <0,95W 58x56x11 45s       Available



OEM ASHTECH MB 500 Board   75        1,9W to 2,4W 100x80x13 90s      NS Not stated



HANDHELD ASHTECH MobileMapper 100   45     NS 190x90x43 NS       N/A Not Applicable



HANDHELD ASHTECH MobileMapper 6  12    NS 146x64x29 NS    



HANDHELD ASHTECH MobileMapper CX  14    NS 195x90x46 NS     



BOITIER ASHTECH ProFlex 500   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex 500 Marine   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex Lite   75       3,5W 190x58x160 NS     



BOITIER ASHTECH ProFlex Lite Duo   75     6,5W 190x58x160 NS     



HANDHELD ASHTECH ProMark 100   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 200   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 500   75    NS 228x188x84 NS       



OEM ASHTECH SkyNav® GG12W™ GPS Board  12   <1,5W 108x82,5x15,44 NS    



CHIPSET BROADCOM BCM2076 - Multifunction Monolithic IC   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET BROADCOM BCM4751 - Integrated Monolithic GPS Receiver  NS  NS 3x2,9 NS



CHIPSET BROADCOM BCM47511 - Integrated Monolithic GPS 
Receiver   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET CSR SiRFstarIII GSC3e/LPa  20  62mW 10x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3e/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3f/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIV GSD4e  48   10mW 3,5x3,2x0,6 NS   



CHIPSET CSR SiRFstarIV GSD4t  48   8mW 3,42x2,68x0,6 NS   



HANDHELD DELORME Earthmate PN-40  32     NS 50,8x133,35x38,1 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60  32     NS 50,8x133,35x38,2 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60w with SPOT Satellite 
Communicator  32     NS 50,8x133,35x38,3 <60s  NS NS NS



BOITIER FALCOM Bolero-LT  50       NS 85x56x20 <29s   



BOITIER FALCOM FOX-EN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-IN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-LT  50       NS 85x60x24 <29s    



BOITIER FALCOM FOX-LT-IP  50       NS 210x40 <29s   



BOITIER FALCOM FOX-LT-IP-AU-GLONASS   32  100mA 187,2x47,2 30s    



OEM FALCOM JP13 / JP13-S  20   140mW 25,5x25,5x3 <42s   



OEM FALCOM JP14-R - High sensitivity 20 channel GPS 
receiver  20   180mW 25,4x10,2x3 <45s   



OEM FALCOM JP14-Q - High sensitivity 20 channel GPS 
receiver  20   180mW 17,3x15,7x3 <45s   



OEM FALCOM JP18 - High sensitivity GPS receiver  20       27mA 11x11 <35s   



HANDHELD FALCOM Mambo2-UXFS  50       NS 103x54x26 <29s    
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BOITIER FALCOM STEPP-III-UX  50       NS 55x88x22 <29s   



OEM FALCOM XT55-GSC3  20   NS 35x53x5 <35s  



OEM FASTRAX Fastrax IT03  12       95mW 22x23x2,7 36s    



OEM FASTRAX Fastrax IT03-02  12       95mW 25,9x25,9x4,6 36s    



OEM FASTRAX Fastrax IT300  20       75mW 16,2x18,8x2,3 32s    



OEM FASTRAX Fastrax IT500  22       75mW 16,2x18,8x2,3 34s   



OEM FASTRAX Fastrax IT430  48       56mW / 68mW 9,6x9,6x1,85 35s     



OEM FASTRAX Fastrax IT520  22       75mW 10,4x14x2,3 34s    



OEM FURUNO GF-8052 GPS-Steered Frequency Generator  13  NS 51x51x19 NS     



OEM FURUNO GN-80 GPS Receiver  16    NS NS 42s
46s     



OEM FURUNO GN-8402 / eMD3622F GPS Receiver  32  215mW 22x22x3 33s    



OEM FURUNO GT-8031 Time Transfer GPS Receiver  16  NS 20,8x33,8x6,3 44,9s     



OEM FURUNO GT-8036 Time Transfer GPS Receiver  14  NS 20,8x33,8x6,3 52s  



OEM GEOsat MXbox basic  12  NS 120x80x40 60s     



OEM GEOsat MXbox Hybrid   28   NS 120x120x40 65s     



BOITIER Hemisphere GPS A100 Smart Antenna  12        <2W 54,7x129,5 60s      



OEM Hemisphere GPS Crescent OEM Board  12          1,6W 109x71x28 <60s       



OEM Hemisphere GPS Crescent Vector II OEM Board  12          <1W 71,1x40,6x12 60s       



OEM Hemisphere GPS Eclipse II GNSS OEM Module   75          <2,5W
<1,9W 109,2x71,1x16 <60s       



OEM Hemisphere GPS H102 GPS Compass OEM Board  12       3W 375x105x25 <60s    



OEM Hemisphere GPS LV101 GPS Compass OEM Board  12       5,4W 458x113x37 <60s      



OEM Hemisphere GPS miniEclipse GNSS Receiver Board (P200)  51        <1,35W 71,1x40,6x13,4 <60s       



BOITIER Hemisphere GPS R100 Series DGPS Receiver  12       3W 160x114x45 60s      



BOITIER Hemisphere GPS R110 Series DGPS Receiver  12       3W 160x114x45 60s      



BOITIER Hemisphere GPS R120 Series DGPS Receiver  12       3W 160x114x45 60s      



BOITIER Hemisphere GPS R130 Series DGPS Receiver  12       3W 160x114x45 60s      



BOITIER Hemisphere GPS R131 DGPS Receiver  12        3W 188x114x71 60s       



BOITIER Hemisphere GPS R320 GNSS Receiver (Multi-GNSS RTK, High 
Accuracy Receiver)   75       <4,5W 178x120x46 <60s       



BOITIER Hemisphere GPS V101  / V111 Series GPS Compass  12        4W 600x160x180 <60S       



BOITIER Hemisphere GPS V102 GPS Compass Series  12       3W 417x158x69 <60s      



BOITIER Hemisphere GPS VS101 / VS111 Series GPS Compass  12        4,1W 189x114x71 <60s      



HANDHELD Hemisphere GPS XF100 Series DGPS Receivers  12     NS 101x97x35 60s   NS 



HANDHELD Hemisphere GPS XF101 Series DGPS Receivers  12     NS 101x97x35 60s   NS 



HANDHELD Hemisphere GPS XF102 Series DGPS Receivers  12     NS 101x97x35 60s   NS  



BOITIER IFEN GmbH NavX®- NTR GNSS Test Receiver    168    <30W 236x199 NS     



LOGICIEL IFEN GmbH SX-NSR Software Receiver    N/A    N/A N/A N/A N/A N/A N/A N/A N/A   



OEM Jackson Labs Technolog FireFly-1A GPSDO  50        <1,8W 25,4x63,5x12,7 <45s   NS  



OEM Jackson Labs Technolog FireFly-II GPSDO  50        <4W 38,1x76,2x20,3 <45s   NS  



OEM Jackson Labs Technolog FireFly-II Ruggedized, low-g 10MHz GPSDO  50        <4W 38,1x76,2x20,3 <45s   NS  



OEM Jackson Labs Technolog FireFly-IIA GPSDO  50        <4W 38,1x76,2x20,3 <45s   NS  



OEM Jackson Labs Technolog G-Force ultra low-g Sensitivity Airborne GPSDO  50     <5W 50,8x50,8x25,4 <45s   NS NS NS NS



OEM Jackson Labs Technolog ULN-1100 100MHz GPSDO   50        <4W NS <45s   NS  



OEM Jackson Labs Technolog ULN-2550 25MHz/100MHz/10MHz GPSDO   50        <4W NS <45s   NS  



HANDHELD JAVAD GNSS Alpha TR-G2T   216        NS 148x85x35 <35s         



HANDHELD JAVAD GNSS Alpha TR-G3    216        NS 148x85x35 <35s         



HANDHELD JAVAD GNSS Alpha TR-G3T    216        NS 148x85x35 <35s         



BOITIER JAVAD GNSS Delta TRE-G2T   216        2,7W 109x35x141 <35s        



BOITIER JAVAD GNSS Delta TRE-G3T    216        3,6W 109x35x141 <35s        
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11 Choosing a receiver



Ty
pe



M
an



uf
ac



tu
re



r



Re
fre



nc
es



of
co



m
pa



tib
le



pr
od



uc
ts



GP
S



GL
ON



AS
S



GA
LI



LE
O



Ch
an



ne
l n



um
be



rs
Lo



ca
tio



n
Ba



se
d



Se
rv



M
ar



iti
m



ic
es



(L
BS



)



e
/ R



iv
er



Sc
ie



nt
ifi



c
Ge



od
es



y
an



d
Bu



ild
in



Ti
m



e
/



g
Sy



nc
hr



on
iza



ti
Ae



ro
na



on
ut



ic
s



Ro
ad



Ag
ric



ul
tu



re
Oi



l &
Ga



s
Ex



pl
oi



ta
tio



Ot
he



r (
n



M
ul



ti-
us



es
…



)
Co



ns
um



pt
io



n



Di
m



en
si



on
s



(m
m



)
TT



FF
(c



ol
d



st
ar



t)
Se



ria
l i



nt
er



fa
ce



Ne
tw



or
k



(E
th



er
ne



t,
T



Bl
ue



to
CP



/IP
,G



PR
S,



ot
h



1P
PS



…
)



Ot
he



r (
US



B,
CA



N,
,…



)
Ra



w
da



ta
NM



EA



I/O
RT



CM
SC



10
4



Ot
he



r (
pr



op
rie



ta
ry



, A
RI



NC
,…



)



BOITIER ASHTECH ADU5 (3D Attitude Sensor)  56      <6W 215x95x195 90s     NS



OEM ASHTECH DG14 Receiver  14        1,2W to 1,6W 108x57 90s   



BOITIER ASHTECH DG14 Sensor  14        1,3W to 1,7W 95x42x168 90s   



OEM ASHTECH MB 100 Board   45        <0,95W 58x56x11 45s       Available



OEM ASHTECH MB 500 Board   75        1,9W to 2,4W 100x80x13 90s      NS Not stated



HANDHELD ASHTECH MobileMapper 100   45     NS 190x90x43 NS       N/A Not Applicable



HANDHELD ASHTECH MobileMapper 6  12    NS 146x64x29 NS    



HANDHELD ASHTECH MobileMapper CX  14    NS 195x90x46 NS     



BOITIER ASHTECH ProFlex 500   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex 500 Marine   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex Lite   75       3,5W 190x58x160 NS     



BOITIER ASHTECH ProFlex Lite Duo   75     6,5W 190x58x160 NS     



HANDHELD ASHTECH ProMark 100   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 200   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 500   75    NS 228x188x84 NS       



OEM ASHTECH SkyNav® GG12W™ GPS Board  12   <1,5W 108x82,5x15,44 NS    



CHIPSET BROADCOM BCM2076 - Multifunction Monolithic IC   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET BROADCOM BCM4751 - Integrated Monolithic GPS Receiver  NS  NS 3x2,9 NS



CHIPSET BROADCOM BCM47511 - Integrated Monolithic GPS 
Receiver   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET CSR SiRFstarIII GSC3e/LPa  20  62mW 10x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3e/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3f/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIV GSD4e  48   10mW 3,5x3,2x0,6 NS   



CHIPSET CSR SiRFstarIV GSD4t  48   8mW 3,42x2,68x0,6 NS   



HANDHELD DELORME Earthmate PN-40  32     NS 50,8x133,35x38,1 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60  32     NS 50,8x133,35x38,2 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60w with SPOT Satellite 
Communicator  32     NS 50,8x133,35x38,3 <60s  NS NS NS



BOITIER FALCOM Bolero-LT  50       NS 85x56x20 <29s   



BOITIER FALCOM FOX-EN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-IN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-LT  50       NS 85x60x24 <29s    



BOITIER FALCOM FOX-LT-IP  50       NS 210x40 <29s   



BOITIER FALCOM FOX-LT-IP-AU-GLONASS   32  100mA 187,2x47,2 30s    



OEM FALCOM JP13 / JP13-S  20   140mW 25,5x25,5x3 <42s   



OEM FALCOM JP14-R - High sensitivity 20 channel GPS 
receiver  20   180mW 25,4x10,2x3 <45s   



OEM FALCOM JP14-Q - High sensitivity 20 channel GPS 
receiver  20   180mW 17,3x15,7x3 <45s   



OEM FALCOM JP18 - High sensitivity GPS receiver  20       27mA 11x11 <35s   



HANDHELD FALCOM Mambo2-UXFS  50       NS 103x54x26 <29s    
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BOITIER ASHTECH ADU5 (3D Attitude Sensor)  56      <6W 215x95x195 90s     NS



OEM ASHTECH DG14 Receiver  14        1,2W to 1,6W 108x57 90s   



BOITIER ASHTECH DG14 Sensor  14        1,3W to 1,7W 95x42x168 90s   



OEM ASHTECH MB 100 Board   45        <0,95W 58x56x11 45s       Available



OEM ASHTECH MB 500 Board   75        1,9W to 2,4W 100x80x13 90s      NS Not stated



HANDHELD ASHTECH MobileMapper 100   45     NS 190x90x43 NS       N/A Not Applicable



HANDHELD ASHTECH MobileMapper 6  12    NS 146x64x29 NS    



HANDHELD ASHTECH MobileMapper CX  14    NS 195x90x46 NS     



BOITIER ASHTECH ProFlex 500   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex 500 Marine   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex Lite   75       3,5W 190x58x160 NS     



BOITIER ASHTECH ProFlex Lite Duo   75     6,5W 190x58x160 NS     



HANDHELD ASHTECH ProMark 100   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 200   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 500   75    NS 228x188x84 NS       



OEM ASHTECH SkyNav® GG12W™ GPS Board  12   <1,5W 108x82,5x15,44 NS    



CHIPSET BROADCOM BCM2076 - Multifunction Monolithic IC   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET BROADCOM BCM4751 - Integrated Monolithic GPS Receiver  NS  NS 3x2,9 NS



CHIPSET BROADCOM BCM47511 - Integrated Monolithic GPS 
Receiver   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET CSR SiRFstarIII GSC3e/LPa  20  62mW 10x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3e/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3f/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIV GSD4e  48   10mW 3,5x3,2x0,6 NS   



CHIPSET CSR SiRFstarIV GSD4t  48   8mW 3,42x2,68x0,6 NS   



HANDHELD DELORME Earthmate PN-40  32     NS 50,8x133,35x38,1 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60  32     NS 50,8x133,35x38,2 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60w with SPOT Satellite 
Communicator  32     NS 50,8x133,35x38,3 <60s  NS NS NS



BOITIER FALCOM Bolero-LT  50       NS 85x56x20 <29s   



BOITIER FALCOM FOX-EN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-IN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-LT  50       NS 85x60x24 <29s    



BOITIER FALCOM FOX-LT-IP  50       NS 210x40 <29s   



BOITIER FALCOM FOX-LT-IP-AU-GLONASS   32  100mA 187,2x47,2 30s    



OEM FALCOM JP13 / JP13-S  20   140mW 25,5x25,5x3 <42s   



OEM FALCOM JP14-R - High sensitivity 20 channel GPS 
receiver  20   180mW 25,4x10,2x3 <45s   



OEM FALCOM JP14-Q - High sensitivity 20 channel GPS 
receiver  20   180mW 17,3x15,7x3 <45s   



OEM FALCOM JP18 - High sensitivity GPS receiver  20       27mA 11x11 <35s   



HANDHELD FALCOM Mambo2-UXFS  50       NS 103x54x26 <29s    
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BOITIER FALCOM STEPP-III-UX  50       NS 55x88x22 <29s   



OEM FALCOM XT55-GSC3  20   NS 35x53x5 <35s  



OEM FASTRAX Fastrax IT03  12       95mW 22x23x2,7 36s    



OEM FASTRAX Fastrax IT03-02  12       95mW 25,9x25,9x4,6 36s    



OEM FASTRAX Fastrax IT300  20       75mW 16,2x18,8x2,3 32s    



OEM FASTRAX Fastrax IT500  22       75mW 16,2x18,8x2,3 34s   



OEM FASTRAX Fastrax IT430  48       56mW / 68mW 9,6x9,6x1,85 35s     



OEM FASTRAX Fastrax IT520  22       75mW 10,4x14x2,3 34s    



OEM FURUNO GF-8052 GPS-Steered Frequency Generator  13  NS 51x51x19 NS     



OEM FURUNO GN-80 GPS Receiver  16    NS NS 42s
46s     



OEM FURUNO GN-8402 / eMD3622F GPS Receiver  32  215mW 22x22x3 33s    



OEM FURUNO GT-8031 Time Transfer GPS Receiver  16  NS 20,8x33,8x6,3 44,9s     



OEM FURUNO GT-8036 Time Transfer GPS Receiver  14  NS 20,8x33,8x6,3 52s  



OEM GEOsat MXbox basic  12  NS 120x80x40 60s     



OEM GEOsat MXbox Hybrid   28   NS 120x120x40 65s     



BOITIER Hemisphere GPS A100 Smart Antenna  12        <2W 54,7x129,5 60s      



OEM Hemisphere GPS Crescent OEM Board  12          1,6W 109x71x28 <60s       



OEM Hemisphere GPS Crescent Vector II OEM Board  12          <1W 71,1x40,6x12 60s       



OEM Hemisphere GPS Eclipse II GNSS OEM Module   75          <2,5W
<1,9W 109,2x71,1x16 <60s       



OEM Hemisphere GPS H102 GPS Compass OEM Board  12       3W 375x105x25 <60s    



OEM Hemisphere GPS LV101 GPS Compass OEM Board  12       5,4W 458x113x37 <60s      



OEM Hemisphere GPS miniEclipse GNSS Receiver Board (P200)  51        <1,35W 71,1x40,6x13,4 <60s       



BOITIER Hemisphere GPS R100 Series DGPS Receiver  12       3W 160x114x45 60s      



BOITIER Hemisphere GPS R110 Series DGPS Receiver  12       3W 160x114x45 60s      



BOITIER Hemisphere GPS R120 Series DGPS Receiver  12       3W 160x114x45 60s      



BOITIER Hemisphere GPS R130 Series DGPS Receiver  12       3W 160x114x45 60s      



BOITIER Hemisphere GPS R131 DGPS Receiver  12        3W 188x114x71 60s       



BOITIER Hemisphere GPS R320 GNSS Receiver (Multi-GNSS RTK, High 
Accuracy Receiver)   75       <4,5W 178x120x46 <60s       



BOITIER Hemisphere GPS V101  / V111 Series GPS Compass  12        4W 600x160x180 <60S       



BOITIER Hemisphere GPS V102 GPS Compass Series  12       3W 417x158x69 <60s      



BOITIER Hemisphere GPS VS101 / VS111 Series GPS Compass  12        4,1W 189x114x71 <60s      



HANDHELD Hemisphere GPS XF100 Series DGPS Receivers  12     NS 101x97x35 60s   NS 



HANDHELD Hemisphere GPS XF101 Series DGPS Receivers  12     NS 101x97x35 60s   NS 



HANDHELD Hemisphere GPS XF102 Series DGPS Receivers  12     NS 101x97x35 60s   NS  



BOITIER IFEN GmbH NavX®- NTR GNSS Test Receiver    168    <30W 236x199 NS     



LOGICIEL IFEN GmbH SX-NSR Software Receiver    N/A    N/A N/A N/A N/A N/A N/A N/A N/A   



OEM Jackson Labs Technolog FireFly-1A GPSDO  50        <1,8W 25,4x63,5x12,7 <45s   NS  



OEM Jackson Labs Technolog FireFly-II GPSDO  50        <4W 38,1x76,2x20,3 <45s   NS  



OEM Jackson Labs Technolog FireFly-II Ruggedized, low-g 10MHz GPSDO  50        <4W 38,1x76,2x20,3 <45s   NS  



OEM Jackson Labs Technolog FireFly-IIA GPSDO  50        <4W 38,1x76,2x20,3 <45s   NS  



OEM Jackson Labs Technolog G-Force ultra low-g Sensitivity Airborne GPSDO  50     <5W 50,8x50,8x25,4 <45s   NS NS NS NS



OEM Jackson Labs Technolog ULN-1100 100MHz GPSDO   50        <4W NS <45s   NS  



OEM Jackson Labs Technolog ULN-2550 25MHz/100MHz/10MHz GPSDO   50        <4W NS <45s   NS  



HANDHELD JAVAD GNSS Alpha TR-G2T   216        NS 148x85x35 <35s         



HANDHELD JAVAD GNSS Alpha TR-G3    216        NS 148x85x35 <35s         



HANDHELD JAVAD GNSS Alpha TR-G3T    216        NS 148x85x35 <35s         



BOITIER JAVAD GNSS Delta TRE-G2T   216        2,7W 109x35x141 <35s        



BOITIER JAVAD GNSS Delta TRE-G3T    216        3,6W 109x35x141 <35s        



BOITIER JAVAD GNSS Delta TRE-G3TAJ    216        4,4W 109x35x141 <35s        



BOITIER JAVAD GNSS DeltaD Duo-G2   216        2,4W 109x35x141 <35s        



BOITIER JAVAD GNSS DeltaD Duo-G2D   216        2,4W 109x35x141 <35s        



BOITIER JAVAD GNSS DeltaQ Quattro-G3D    216        NS 109x35x141 <35s        



OEM JAVAD GNSS Duo-G2   216        2,2W 100x80 NS        



OEM JAVAD GNSS Duo-G2D   216        2,4W 100x80 NS      



OEM JAVAD GNSS Duo-G3D    216        4,3W 100x120 NS        



HANDHELD JAVAD GNSS GISmore    216    NS 79x27x123 <35s      



OEM JAVAD GNSS Quattro-G3D    216        5,2W 100x120 NS        



HANDHELD JAVAD GNSS SigmaD Duo-G2   216        NS 132x61x190 <35s         



HANDHELD JAVAD GNSS SigmaD Duo-G2D   216        NS 132x61x190 <35s         



HANDHELD JAVAD GNSS SigmaD Duo-G3D    216        NS 132x61x190 <35s         



BOITIER JAVAD GNSS SigmaD-MC Duo-G2   216        3,7W 132x61x190 <35s       



BOITIER JAVAD GNSS SigmaD-MC Duo-G2D   216        3,7W 132x61x190 <35s       



BOITIER JAVAD GNSS SigmaQ Quattro-G3D    216        NS 132x61x190 <35s         



BOITIER JAVAD GNSS SigmaQ-MC Quattro-G3D    216        5,2W 132x61x190 <35s       



HANDHELD JAVAD GNSS SigmaS TRE-G2T   216        NS 132x61x190 <35s         



HANDHELD JAVAD GNSS SigmaS TRE-G3T    216        NS 132x61x190 <35s         



HANDHELD JAVAD GNSS SigmaS TRE-G3TAJ    216        NS 132x61x190 <35s         



BOITIER JAVAD GNSS SigmaS-MC TRE-G2T   216        3,2W 132x61x190 <35s       



BOITIER JAVAD GNSS SigmaS-MC TRE-G3T    216        4,2W 132x61x190 <35s       



BOITIER JAVAD GNSS SigmaS-MC TRE-G3TAJ    216        4,2W 132x61x190 <35s       



OEM JAVAD GNSS TRE-G2T   216        3,7W 100x80 NS        



OEM JAVAD GNSS TRE-G3T    216        3,6W 100x80 NS        



OEM JAVAD GNSS TRE-G3TAJ    216        3,8W 100x80 NS        



OEM JAVAD GNSS TRE-G3TAJT    216        4,3W 100x80 NS        



OEM JAVAD GNSS TR-G2   216        1,2W 55x40 NS       



OEM JAVAD GNSS TR-G2T   216        1,2W 55x40 NS       



OEM JAVAD GNSS TR-G3    216        1,5W 57x66 NS       



OEM JAVAD GNSS TR-G3T    216        1,5W 57x66 NS       



HANDHELD JAVAD GNSS TRIUMPH-1    216        NS 178x96x178 <35s        



HANDHELD JAVAD GNSS TRIUMPH-VS    216       NS NS NS       



HANDHELD JAVAD GNSS TRIUMPH-4X   216       NS 178x93x178 <35s        



BOITIER John Deere StarFire 3000    55  NS NS NS   



BOITIER KVH Industries, Inc. CNS-5000 Continuous Navigation System  NS       15W 1524x1676x889 NS  



BOITIER Leica Geosystems AG GRX1200+ Series    120      3,3W 212x166x79 30s       



BOITIER Leica Geosystems AG Leica GR10    120      3,5W 220x200x94 NS       



HANDHELD Leica Geosystems AG Leica Viva GS10    120     3,2W 212x166x79 8      



HANDHELD Leica Geosystems AG Leica Viva GS12    120     1,8W 186x89 8   NS NS NS NS



HANDHELD Leica Geosystems AG Leica Viva GS15    120     3,2W 196x198 8      



HANDHELD Leica Geosystems AG Leica Viva Uno 10   14   NS 278x102x45 120      



HANDHELD Leica Geosystems AG Leica Viva Uno 15   14   NS 323x125x45 120s      



HANDHELD Leica Geosystems AG Leica Zeno 10   14   NS 278x102x45 120s       



HANDHELD Leica Geosystems AG Leica Zeno 15   14   NS 323x125x45 120s       



OEM NavCom Technology, Inc Sapphire    60        5,3W 120x100x11 <60s    NS   



BOITIER NavCom Technology, Inc SF-3040    66   6W 203x111 NS    NS   



BOITIER NavCom Technology, Inc SF-3050M    66       6W 164x117x60 <60s      NS   



BOITIER NAVIS BPSN   24  13W 240x140x73 150s  



 Available



NS Not stated



N/A Not Applicable



Caption











68



BOITIER NAVIS CH-4312   24   <20W 78,7x53,6 190s   



PUCE NAVIS CH-4706   24      0,3W to 0,9W 35x35x7 50s  NS   



OEM NAVIS GNSS module   24      1,2W 50x75x15 <90s      



OEM NAVIS NAVIOR-24 (CH-4701)   24        1,2W 90X96X15 <90s   NS   



OEM Navman Wireless OEM Jupiter 3  20        31mW 11x11x2,25 33s     



OEM Navman Wireless OEM Jupiter 30 xLP  20        56 mW 25,4x25,4x3 33s     



OEM Navman Wireless OEM Jupiter 31  20        80 mW 71,1x40,6x10 33s     



OEM Navman Wireless OEM Jupiter 32 xLP  20        56 mW 17x15x2,7 33s     



OEM Navman Wireless OEM Jupiter J3-a  20       125 mW 30x30 33s   



OEM Navman Wireless OEM Jupiter J-F2  48        23 mW 11x11x2,25 <35s      



OEM NAVSYNC CW20 / 20 S GPS Receiver  16   < 69mW 21x16,4x2,4 46s  



OEM NAVSYNC MS20 GPS Receiver  12    <145mW 21x16,44x2,52 34s   



BOITIER NavSys Corporation HAGR (High-gain Advanced GPS Receiver)  12    NS NS 40s    



OEM NOVATEL CMA-4048 LGR  24  10W to 13W 1676x1016x163 NS   



BOITIER NOVATEL DL-V3   72        3,5W 185x162x76 60s        



BOITIER NOVATEL EuroPak-15a   16        6W to 13W 235x154x71 NS     



BOITIER NOVATEL EuroPak-15ab   16        14W 235x154x71 NS     



BOITIER NOVATEL EuroPak-3  18   6W to 13W 235x154x71 <100s   



BOITIER NOVATEL EuroPak-3T  18    14W 235x154x71 <100s    



BOITIER NOVATEL FlexPak6™    120         1,8W 147x113x45 <50s        



BOITIER NOVATEL FlexPak-G2-V1  14         1,2W 147x113x45 NS     



BOITIER NOVATEL FlexPak-G2-V1G   14         1,2W 147x113x45 NS     



BOITIER NOVATEL FlexPak-G2-V2   14         2W 147x113x45 NS     



OEM NOVATEL OEM628 (OEM6™ Receivers)    120         1,3W 60x100x9,1 <50s       



OEM NOVATEL OEMStar   14         0,360W 46x71x13 65s     



OEM NOVATEL OEMV-1 (OEMV® Receivers)  36         1W 46x71x13 60s     



OEM NOVATEL OEMV-1DF (OEMV® Receivers)   36         1W 46x71x13 60s     



OEM NOVATEL OEMV-1G (OEMV® Receivers)  36         1,1W 46x71x13 60s     



OEM NOVATEL OEMV-2 (OEMV® Receivers)   72         1,2W 60x100x13 60s     



OEM NOVATEL OEMV-3 (OEMV® Receivers)   72         2,1W 85x125x13 60s     



BOITIER NOVATEL ProPak-V3   72         2,8W 185x160x71 60s      



OEM SEPTENTRIO AiRx2 OEM   20   3W 61x100x13,5 <75s      



BOITIER SEPTENTRIO AsteRx2e HDC   136         1,5W 130x185x46 <45s       



OEM SEPTENTRIO AsteRx2e OEM   136         1,5W 60x90 <45s       



OEM SEPTENTRIO AsteRx2eH OEM   272         5W 77x120 <45s       



BOITIER SEPTENTRIO AsteRx2eH PRO   272         5W 245x140x37 <45s       



BOITIER SEPTENTRIO AsteRx2i HDC   136         2W NS <45s       



OEM SEPTENTRIO AsteRx2i OEM   136         2W 60x90 <45s       



OEM SEPTENTRIO AsteRx2L OEM   136         2,9W 60X90 <45s        



BOITIER SEPTENTRIO AsteRx2L HDC   136         2,9W 130x185x46 <45s        



BOITIER SEPTENTRIO AsteRx3 HDC    136         2,9W 130x185x46 <45s        



OEM SEPTENTRIO AsteRx3 OEM    136        2,9W 60x90 <45s        



BOITIER SEPTENTRIO PolaRx2e@  48         5W to 7W 160x100x13 <90s      



OEM
BOITIER SEPTENTRIO PolaRx2e@ OEM  48         5W to 7W 160x100x13 <90s      



BOITIER SEPTENTRIO PolaRx2eH  48         5W to 7W 160x100x13 <90s      



BOITIER SEPTENTRIO PolaRx3e PRO   136         4,5W 285x140x37 <45s        



BOITIER SEPTENTRIO PolaRx3eG PRO    136         4,5W 285x140x37 <45s        



BOITIER SEPTENTRIO PolaRx3eTR PRO   136       4,5W 285x140x37 <45s        
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BOITIER ASHTECH ADU5 (3D Attitude Sensor)  56      <6W 215x95x195 90s     NS



OEM ASHTECH DG14 Receiver  14        1,2W to 1,6W 108x57 90s   



BOITIER ASHTECH DG14 Sensor  14        1,3W to 1,7W 95x42x168 90s   



OEM ASHTECH MB 100 Board   45        <0,95W 58x56x11 45s       Available



OEM ASHTECH MB 500 Board   75        1,9W to 2,4W 100x80x13 90s      NS Not stated



HANDHELD ASHTECH MobileMapper 100   45     NS 190x90x43 NS       N/A Not Applicable



HANDHELD ASHTECH MobileMapper 6  12    NS 146x64x29 NS    



HANDHELD ASHTECH MobileMapper CX  14    NS 195x90x46 NS     



BOITIER ASHTECH ProFlex 500   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex 500 Marine   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex Lite   75       3,5W 190x58x160 NS     



BOITIER ASHTECH ProFlex Lite Duo   75     6,5W 190x58x160 NS     



HANDHELD ASHTECH ProMark 100   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 200   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 500   75    NS 228x188x84 NS       



OEM ASHTECH SkyNav® GG12W™ GPS Board  12   <1,5W 108x82,5x15,44 NS    



CHIPSET BROADCOM BCM2076 - Multifunction Monolithic IC   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET BROADCOM BCM4751 - Integrated Monolithic GPS Receiver  NS  NS 3x2,9 NS



CHIPSET BROADCOM BCM47511 - Integrated Monolithic GPS 
Receiver   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET CSR SiRFstarIII GSC3e/LPa  20  62mW 10x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3e/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3f/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIV GSD4e  48   10mW 3,5x3,2x0,6 NS   



CHIPSET CSR SiRFstarIV GSD4t  48   8mW 3,42x2,68x0,6 NS   



HANDHELD DELORME Earthmate PN-40  32     NS 50,8x133,35x38,1 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60  32     NS 50,8x133,35x38,2 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60w with SPOT Satellite 
Communicator  32     NS 50,8x133,35x38,3 <60s  NS NS NS



BOITIER FALCOM Bolero-LT  50       NS 85x56x20 <29s   



BOITIER FALCOM FOX-EN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-IN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-LT  50       NS 85x60x24 <29s    



BOITIER FALCOM FOX-LT-IP  50       NS 210x40 <29s   



BOITIER FALCOM FOX-LT-IP-AU-GLONASS   32  100mA 187,2x47,2 30s    



OEM FALCOM JP13 / JP13-S  20   140mW 25,5x25,5x3 <42s   



OEM FALCOM JP14-R - High sensitivity 20 channel GPS 
receiver  20   180mW 25,4x10,2x3 <45s   



OEM FALCOM JP14-Q - High sensitivity 20 channel GPS 
receiver  20   180mW 17,3x15,7x3 <45s   



OEM FALCOM JP18 - High sensitivity GPS receiver  20       27mA 11x11 <35s   



HANDHELD FALCOM Mambo2-UXFS  50       NS 103x54x26 <29s    
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BOITIER JAVAD GNSS Delta TRE-G3TAJ    216        4,4W 109x35x141 <35s        



BOITIER JAVAD GNSS DeltaD Duo-G2   216        2,4W 109x35x141 <35s        



BOITIER JAVAD GNSS DeltaD Duo-G2D   216        2,4W 109x35x141 <35s        



BOITIER JAVAD GNSS DeltaQ Quattro-G3D    216        NS 109x35x141 <35s        



OEM JAVAD GNSS Duo-G2   216        2,2W 100x80 NS        



OEM JAVAD GNSS Duo-G2D   216        2,4W 100x80 NS      



OEM JAVAD GNSS Duo-G3D    216        4,3W 100x120 NS        



HANDHELD JAVAD GNSS GISmore    216    NS 79x27x123 <35s      



OEM JAVAD GNSS Quattro-G3D    216        5,2W 100x120 NS        



HANDHELD JAVAD GNSS SigmaD Duo-G2   216        NS 132x61x190 <35s         



HANDHELD JAVAD GNSS SigmaD Duo-G2D   216        NS 132x61x190 <35s         



HANDHELD JAVAD GNSS SigmaD Duo-G3D    216        NS 132x61x190 <35s         



BOITIER JAVAD GNSS SigmaD-MC Duo-G2   216        3,7W 132x61x190 <35s       



BOITIER JAVAD GNSS SigmaD-MC Duo-G2D   216        3,7W 132x61x190 <35s       



BOITIER JAVAD GNSS SigmaQ Quattro-G3D    216        NS 132x61x190 <35s         



BOITIER JAVAD GNSS SigmaQ-MC Quattro-G3D    216        5,2W 132x61x190 <35s       



HANDHELD JAVAD GNSS SigmaS TRE-G2T   216        NS 132x61x190 <35s         



HANDHELD JAVAD GNSS SigmaS TRE-G3T    216        NS 132x61x190 <35s         



HANDHELD JAVAD GNSS SigmaS TRE-G3TAJ    216        NS 132x61x190 <35s         



BOITIER JAVAD GNSS SigmaS-MC TRE-G2T   216        3,2W 132x61x190 <35s       



BOITIER JAVAD GNSS SigmaS-MC TRE-G3T    216        4,2W 132x61x190 <35s       



BOITIER JAVAD GNSS SigmaS-MC TRE-G3TAJ    216        4,2W 132x61x190 <35s       



OEM JAVAD GNSS TRE-G2T   216        3,7W 100x80 NS        



OEM JAVAD GNSS TRE-G3T    216        3,6W 100x80 NS        



OEM JAVAD GNSS TRE-G3TAJ    216        3,8W 100x80 NS        



OEM JAVAD GNSS TRE-G3TAJT    216        4,3W 100x80 NS        



OEM JAVAD GNSS TR-G2   216        1,2W 55x40 NS       



OEM JAVAD GNSS TR-G2T   216        1,2W 55x40 NS       



OEM JAVAD GNSS TR-G3    216        1,5W 57x66 NS       



OEM JAVAD GNSS TR-G3T    216        1,5W 57x66 NS       



HANDHELD JAVAD GNSS TRIUMPH-1    216        NS 178x96x178 <35s        



HANDHELD JAVAD GNSS TRIUMPH-VS    216       NS NS NS       



HANDHELD JAVAD GNSS TRIUMPH-4X   216       NS 178x93x178 <35s        



BOITIER John Deere StarFire 3000    55  NS NS NS   



BOITIER KVH Industries, Inc. CNS-5000 Continuous Navigation System  NS       15W 1524x1676x889 NS  



BOITIER Leica Geosystems AG GRX1200+ Series    120      3,3W 212x166x79 30s       



BOITIER Leica Geosystems AG Leica GR10    120      3,5W 220x200x94 NS       



HANDHELD Leica Geosystems AG Leica Viva GS10    120     3,2W 212x166x79 8      



HANDHELD Leica Geosystems AG Leica Viva GS12    120     1,8W 186x89 8   NS NS NS NS



HANDHELD Leica Geosystems AG Leica Viva GS15    120     3,2W 196x198 8      



HANDHELD Leica Geosystems AG Leica Viva Uno 10   14   NS 278x102x45 120      



HANDHELD Leica Geosystems AG Leica Viva Uno 15   14   NS 323x125x45 120s      



HANDHELD Leica Geosystems AG Leica Zeno 10   14   NS 278x102x45 120s       



HANDHELD Leica Geosystems AG Leica Zeno 15   14   NS 323x125x45 120s       



OEM NavCom Technology, Inc Sapphire    60        5,3W 120x100x11 <60s    NS   



BOITIER NavCom Technology, Inc SF-3040    66   6W 203x111 NS    NS   



BOITIER NavCom Technology, Inc SF-3050M    66       6W 164x117x60 <60s      NS   



BOITIER NAVIS BPSN   24  13W 240x140x73 150s  
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BOITIER ASHTECH ADU5 (3D Attitude Sensor)  56      <6W 215x95x195 90s     NS



OEM ASHTECH DG14 Receiver  14        1,2W to 1,6W 108x57 90s   



BOITIER ASHTECH DG14 Sensor  14        1,3W to 1,7W 95x42x168 90s   



OEM ASHTECH MB 100 Board   45        <0,95W 58x56x11 45s       Available



OEM ASHTECH MB 500 Board   75        1,9W to 2,4W 100x80x13 90s      NS Not stated



HANDHELD ASHTECH MobileMapper 100   45     NS 190x90x43 NS       N/A Not Applicable



HANDHELD ASHTECH MobileMapper 6  12    NS 146x64x29 NS    



HANDHELD ASHTECH MobileMapper CX  14    NS 195x90x46 NS     



BOITIER ASHTECH ProFlex 500   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex 500 Marine   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex Lite   75       3,5W 190x58x160 NS     



BOITIER ASHTECH ProFlex Lite Duo   75     6,5W 190x58x160 NS     



HANDHELD ASHTECH ProMark 100   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 200   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 500   75    NS 228x188x84 NS       



OEM ASHTECH SkyNav® GG12W™ GPS Board  12   <1,5W 108x82,5x15,44 NS    



CHIPSET BROADCOM BCM2076 - Multifunction Monolithic IC   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET BROADCOM BCM4751 - Integrated Monolithic GPS Receiver  NS  NS 3x2,9 NS



CHIPSET BROADCOM BCM47511 - Integrated Monolithic GPS 
Receiver   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET CSR SiRFstarIII GSC3e/LPa  20  62mW 10x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3e/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3f/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIV GSD4e  48   10mW 3,5x3,2x0,6 NS   



CHIPSET CSR SiRFstarIV GSD4t  48   8mW 3,42x2,68x0,6 NS   



HANDHELD DELORME Earthmate PN-40  32     NS 50,8x133,35x38,1 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60  32     NS 50,8x133,35x38,2 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60w with SPOT Satellite 
Communicator  32     NS 50,8x133,35x38,3 <60s  NS NS NS



BOITIER FALCOM Bolero-LT  50       NS 85x56x20 <29s   



BOITIER FALCOM FOX-EN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-IN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-LT  50       NS 85x60x24 <29s    



BOITIER FALCOM FOX-LT-IP  50       NS 210x40 <29s   



BOITIER FALCOM FOX-LT-IP-AU-GLONASS   32  100mA 187,2x47,2 30s    



OEM FALCOM JP13 / JP13-S  20   140mW 25,5x25,5x3 <42s   



OEM FALCOM JP14-R - High sensitivity 20 channel GPS 
receiver  20   180mW 25,4x10,2x3 <45s   



OEM FALCOM JP14-Q - High sensitivity 20 channel GPS 
receiver  20   180mW 17,3x15,7x3 <45s   



OEM FALCOM JP18 - High sensitivity GPS receiver  20       27mA 11x11 <35s   



HANDHELD FALCOM Mambo2-UXFS  50       NS 103x54x26 <29s    
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BOITIER ASHTECH ADU5 (3D Attitude Sensor)  56      <6W 215x95x195 90s     NS



OEM ASHTECH DG14 Receiver  14        1,2W to 1,6W 108x57 90s   



BOITIER ASHTECH DG14 Sensor  14        1,3W to 1,7W 95x42x168 90s   



OEM ASHTECH MB 100 Board   45        <0,95W 58x56x11 45s       Available



OEM ASHTECH MB 500 Board   75        1,9W to 2,4W 100x80x13 90s      NS Not stated



HANDHELD ASHTECH MobileMapper 100   45     NS 190x90x43 NS       N/A Not Applicable



HANDHELD ASHTECH MobileMapper 6  12    NS 146x64x29 NS    



HANDHELD ASHTECH MobileMapper CX  14    NS 195x90x46 NS     



BOITIER ASHTECH ProFlex 500   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex 500 Marine   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex Lite   75       3,5W 190x58x160 NS     



BOITIER ASHTECH ProFlex Lite Duo   75     6,5W 190x58x160 NS     



HANDHELD ASHTECH ProMark 100   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 200   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 500   75    NS 228x188x84 NS       



OEM ASHTECH SkyNav® GG12W™ GPS Board  12   <1,5W 108x82,5x15,44 NS    



CHIPSET BROADCOM BCM2076 - Multifunction Monolithic IC   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET BROADCOM BCM4751 - Integrated Monolithic GPS Receiver  NS  NS 3x2,9 NS



CHIPSET BROADCOM BCM47511 - Integrated Monolithic GPS 
Receiver   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET CSR SiRFstarIII GSC3e/LPa  20  62mW 10x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3e/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3f/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIV GSD4e  48   10mW 3,5x3,2x0,6 NS   



CHIPSET CSR SiRFstarIV GSD4t  48   8mW 3,42x2,68x0,6 NS   



HANDHELD DELORME Earthmate PN-40  32     NS 50,8x133,35x38,1 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60  32     NS 50,8x133,35x38,2 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60w with SPOT Satellite 
Communicator  32     NS 50,8x133,35x38,3 <60s  NS NS NS



BOITIER FALCOM Bolero-LT  50       NS 85x56x20 <29s   



BOITIER FALCOM FOX-EN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-IN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-LT  50       NS 85x60x24 <29s    



BOITIER FALCOM FOX-LT-IP  50       NS 210x40 <29s   



BOITIER FALCOM FOX-LT-IP-AU-GLONASS   32  100mA 187,2x47,2 30s    



OEM FALCOM JP13 / JP13-S  20   140mW 25,5x25,5x3 <42s   



OEM FALCOM JP14-R - High sensitivity 20 channel GPS 
receiver  20   180mW 25,4x10,2x3 <45s   



OEM FALCOM JP14-Q - High sensitivity 20 channel GPS 
receiver  20   180mW 17,3x15,7x3 <45s   



OEM FALCOM JP18 - High sensitivity GPS receiver  20       27mA 11x11 <35s   



HANDHELD FALCOM Mambo2-UXFS  50       NS 103x54x26 <29s    
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BOITIER NAVIS CH-4312   24   <20W 78,7x53,6 190s   



PUCE NAVIS CH-4706   24      0,3W to 0,9W 35x35x7 50s  NS   



OEM NAVIS GNSS module   24      1,2W 50x75x15 <90s      



OEM NAVIS NAVIOR-24 (CH-4701)   24        1,2W 90X96X15 <90s   NS   



OEM Navman Wireless OEM Jupiter 3  20        31mW 11x11x2,25 33s     



OEM Navman Wireless OEM Jupiter 30 xLP  20        56 mW 25,4x25,4x3 33s     



OEM Navman Wireless OEM Jupiter 31  20        80 mW 71,1x40,6x10 33s     



OEM Navman Wireless OEM Jupiter 32 xLP  20        56 mW 17x15x2,7 33s     



OEM Navman Wireless OEM Jupiter J3-a  20       125 mW 30x30 33s   



OEM Navman Wireless OEM Jupiter J-F2  48        23 mW 11x11x2,25 <35s      



OEM NAVSYNC CW20 / 20 S GPS Receiver  16   < 69mW 21x16,4x2,4 46s  



OEM NAVSYNC MS20 GPS Receiver  12    <145mW 21x16,44x2,52 34s   



BOITIER NavSys Corporation HAGR (High-gain Advanced GPS Receiver)  12    NS NS 40s    



OEM NOVATEL CMA-4048 LGR  24  10W to 13W 1676x1016x163 NS   



BOITIER NOVATEL DL-V3   72        3,5W 185x162x76 60s        



BOITIER NOVATEL EuroPak-15a   16        6W to 13W 235x154x71 NS     



BOITIER NOVATEL EuroPak-15ab   16        14W 235x154x71 NS     



BOITIER NOVATEL EuroPak-3  18   6W to 13W 235x154x71 <100s   



BOITIER NOVATEL EuroPak-3T  18    14W 235x154x71 <100s    



BOITIER NOVATEL FlexPak6™    120         1,8W 147x113x45 <50s        



BOITIER NOVATEL FlexPak-G2-V1  14         1,2W 147x113x45 NS     



BOITIER NOVATEL FlexPak-G2-V1G   14         1,2W 147x113x45 NS     



BOITIER NOVATEL FlexPak-G2-V2   14         2W 147x113x45 NS     



OEM NOVATEL OEM628 (OEM6™ Receivers)    120         1,3W 60x100x9,1 <50s       



OEM NOVATEL OEMStar   14         0,360W 46x71x13 65s     



OEM NOVATEL OEMV-1 (OEMV® Receivers)  36         1W 46x71x13 60s     



OEM NOVATEL OEMV-1DF (OEMV® Receivers)   36         1W 46x71x13 60s     



OEM NOVATEL OEMV-1G (OEMV® Receivers)  36         1,1W 46x71x13 60s     



OEM NOVATEL OEMV-2 (OEMV® Receivers)   72         1,2W 60x100x13 60s     



OEM NOVATEL OEMV-3 (OEMV® Receivers)   72         2,1W 85x125x13 60s     



BOITIER NOVATEL ProPak-V3   72         2,8W 185x160x71 60s      



OEM SEPTENTRIO AiRx2 OEM   20   3W 61x100x13,5 <75s      



BOITIER SEPTENTRIO AsteRx2e HDC   136         1,5W 130x185x46 <45s       



OEM SEPTENTRIO AsteRx2e OEM   136         1,5W 60x90 <45s       



OEM SEPTENTRIO AsteRx2eH OEM   272         5W 77x120 <45s       



BOITIER SEPTENTRIO AsteRx2eH PRO   272         5W 245x140x37 <45s       



BOITIER SEPTENTRIO AsteRx2i HDC   136         2W NS <45s       



OEM SEPTENTRIO AsteRx2i OEM   136         2W 60x90 <45s       



OEM SEPTENTRIO AsteRx2L OEM   136         2,9W 60X90 <45s        



BOITIER SEPTENTRIO AsteRx2L HDC   136         2,9W 130x185x46 <45s        



BOITIER SEPTENTRIO AsteRx3 HDC    136         2,9W 130x185x46 <45s        



OEM SEPTENTRIO AsteRx3 OEM    136        2,9W 60x90 <45s        



BOITIER SEPTENTRIO PolaRx2e@  48         5W to 7W 160x100x13 <90s      



OEM
BOITIER SEPTENTRIO PolaRx2e@ OEM  48         5W to 7W 160x100x13 <90s      



BOITIER SEPTENTRIO PolaRx2eH  48         5W to 7W 160x100x13 <90s      



BOITIER SEPTENTRIO PolaRx3e PRO   136         4,5W 285x140x37 <45s        



BOITIER SEPTENTRIO PolaRx3eG PRO    136         4,5W 285x140x37 <45s        



BOITIER SEPTENTRIO PolaRx3eTR PRO   136       4,5W 285x140x37 <45s        



BOITIER SEPTENTRIO PolaRx4 PRO    184         6W 235x140x37 <45s       



BOITIER SEPTENTRIO PolaRxS PRO    136       6W 235x140x37 <45s     



OEM SEPTENTRIO AsteRx-m OEM   132         600mW 47,5x70 <45s       



HANDHELD SOKKIA GIR 1600  12       2,2W 147x100x40 NS   NS NS  NS



OEM SPIRIT DSP SPIRIT 24 Channel GPS+GLONASS Receiver 
DuoStar-2000   24        600mW 30x40x6 <30s     



LOGICIEL SPIRIT DSP Super-Sensitive Software GNSS-Receiver   32     600mW 30x40x6 <30s     



PUCE STMicroelectronics STA5620+STA2058 (Teseo)  NS    NS NS 39s  NS NS NS NS



OEM TOPCON E 112 T   20         2,7W to 3,3W 112 <60s       



OEM TOPCON E 160 T   20         3,5W to 4W 168x100x15 <60s        



OEM TOPCON G3 160T    20         4W to 5W 160x100x14,2 <60s        



HANDHELD TOPCON GMS-110  20   NS 157x48x170 NS     



HANDHELD TOPCON GMS-2   50  NS 197x90x46 NS     



HANDHELD TOPCON GR-3    72   NS NS NS      



HANDHELD TOPCON GR-5    216   NS NS NS       



OEM TOPCON GRS-1   72         1,5W to 2W 72,6x62,51x9 <60s    NS NS NS NS



HANDHELD TOPCON Hiper Ga   40   NS 159x173x113 <60s     



HANDHELD TOPCON Hiper Gb  40   NS 159x173x113 <60s     



HANDHELD TOPCON Hiper II   72   NS NS NS      



BOITIER TOPCON Net G3A    144     <4,5W 166x93x275 NS        



OEM TOPCON OEM-1   72        1,8W to 2,5W 60x100x13 <60s      



OEM TOPCON TG-3   50        1W to 1,2W 72,6x62,5 <60s    



BOITIER TRIMBLE AgGPS 106 receiver  8  <2W 155x94 <2,5min   



BOITIER TRIMBLE AgGPS 332 receiver  12  3,5W 145x56x218 <2,5min   



BOITIER TRIMBLE AgGPS 252 receiver  12  4,2W 297x69x306 <2,5min   



BOITIER TRIMBLE AgGPS 162 receiver  15  <4W 183x89x190 <2,5min   



BOITIER TRIMBLE AgGPS 262 receiver  13  4,2W 297x69x306 <2,5min   



HANDHELD TRIMBLE AgGPS RTK Base 450 receiver  24  8,5W 240x120x50 NS   



HANDHELD TRIMBLE AgGPS RTK Base 900 receiver  24  8,5W 240x120x50 NS   



OEM TRIMBLE BD950 L1/L2 GPS Receiver  24       1W to 1,5W 100x80x17 NS      



OEM TRIMBLE BD960 GNSS Receiver   72       2,1W 100x106,7x12,7 NS       



OEM TRIMBLE BD970 GNSS Receiver    220       1,4W to1,5W 100x60x11,6 NS        



OEM TRIMBLE BD982 GNSS Heading Receiver    220       2,1W to 2,3W 100x84,9x11,6 NS        



OEM TRIMBLE BX960 GNSS Receiver   72       8,8W 261x140x55 NS       



CHIPSET TRIMBLE Condor C1011  NS         NS 10x11x12 38s   



CHIPSET TRIMBLE Condor C1216  NS         NS 16x12,2x2,13 38s   



CHIPSET TRIMBLE Condor C1722  NS         NS 17x22,4x2,13 38s   



CHIPSET TRIMBLE Condor C1919A  NS         NS 19x19x2,54 38s   



CHIPSET TRIMBLE Condor C1919B  NS         NS 19x19x2,54 38s   



CHIPSET TRIMBLE Condor C1919C  NS         NS 19x19x2,54 38s   



CHIPSET TRIMBLE Condor C2626  NS         NS 26x26x6 38s   



OEM TRIMBLE Copernicus® II GPS Receiver  12         NS 19x19x2,54 38s     



BOITIER TRIMBLE DSM 232 GPS Receiver  24   4,2W 1148x56x216 NS     



HANDHELD TRIMBLE GeoExplorer 3000 Series GeoXH Handheld  26   < 4,3W 215x99x77 30s       



HANDHELD TRIMBLE GeoExplorer 3000 Series GeoXM Handheld  14   <3,7W 215x99x77 30s        



HANDHELD TRIMBLE GeoExplorer 3000 Series GeoXT Handheld  14   <3,7W 215x99x77 30s        



HANDHELD TRIMBLE GeoExplorer 6000 Series GeoXH™ Handheld  220   NS 234x99x56 45s        



HANDHELD TRIMBLE GeoExplorer 6000 Series GeoXT™ Handheld   220   NS 234x99x56 45s        



HANDHELD TRIMBLE GPS PAthfinder ProXH  12   <1,6W 106x40x146 30s      
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BOITIER ASHTECH ADU5 (3D Attitude Sensor)  56      <6W 215x95x195 90s     NS



OEM ASHTECH DG14 Receiver  14        1,2W to 1,6W 108x57 90s   



BOITIER ASHTECH DG14 Sensor  14        1,3W to 1,7W 95x42x168 90s   



OEM ASHTECH MB 100 Board   45        <0,95W 58x56x11 45s       Available



OEM ASHTECH MB 500 Board   75        1,9W to 2,4W 100x80x13 90s      NS Not stated



HANDHELD ASHTECH MobileMapper 100   45     NS 190x90x43 NS       N/A Not Applicable



HANDHELD ASHTECH MobileMapper 6  12    NS 146x64x29 NS    



HANDHELD ASHTECH MobileMapper CX  14    NS 195x90x46 NS     



BOITIER ASHTECH ProFlex 500   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex 500 Marine   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex Lite   75       3,5W 190x58x160 NS     



BOITIER ASHTECH ProFlex Lite Duo   75     6,5W 190x58x160 NS     



HANDHELD ASHTECH ProMark 100   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 200   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 500   75    NS 228x188x84 NS       



OEM ASHTECH SkyNav® GG12W™ GPS Board  12   <1,5W 108x82,5x15,44 NS    



CHIPSET BROADCOM BCM2076 - Multifunction Monolithic IC   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET BROADCOM BCM4751 - Integrated Monolithic GPS Receiver  NS  NS 3x2,9 NS



CHIPSET BROADCOM BCM47511 - Integrated Monolithic GPS 
Receiver   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET CSR SiRFstarIII GSC3e/LPa  20  62mW 10x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3e/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3f/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIV GSD4e  48   10mW 3,5x3,2x0,6 NS   



CHIPSET CSR SiRFstarIV GSD4t  48   8mW 3,42x2,68x0,6 NS   



HANDHELD DELORME Earthmate PN-40  32     NS 50,8x133,35x38,1 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60  32     NS 50,8x133,35x38,2 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60w with SPOT Satellite 
Communicator  32     NS 50,8x133,35x38,3 <60s  NS NS NS



BOITIER FALCOM Bolero-LT  50       NS 85x56x20 <29s   



BOITIER FALCOM FOX-EN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-IN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-LT  50       NS 85x60x24 <29s    



BOITIER FALCOM FOX-LT-IP  50       NS 210x40 <29s   



BOITIER FALCOM FOX-LT-IP-AU-GLONASS   32  100mA 187,2x47,2 30s    



OEM FALCOM JP13 / JP13-S  20   140mW 25,5x25,5x3 <42s   



OEM FALCOM JP14-R - High sensitivity 20 channel GPS 
receiver  20   180mW 25,4x10,2x3 <45s   



OEM FALCOM JP14-Q - High sensitivity 20 channel GPS 
receiver  20   180mW 17,3x15,7x3 <45s   



OEM FALCOM JP18 - High sensitivity GPS receiver  20       27mA 11x11 <35s   



HANDHELD FALCOM Mambo2-UXFS  50       NS 103x54x26 <29s    



Caption



 General Information



 Applications Features



 Interfaces
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BOITIER SEPTENTRIO PolaRx4 PRO    184         6W 235x140x37 <45s       



BOITIER SEPTENTRIO PolaRxS PRO    136       6W 235x140x37 <45s     



OEM SEPTENTRIO AsteRx-m OEM   132         600mW 47,5x70 <45s       



HANDHELD SOKKIA GIR 1600  12       2,2W 147x100x40 NS   NS NS  NS



OEM SPIRIT DSP SPIRIT 24 Channel GPS+GLONASS Receiver 
DuoStar-2000   24        600mW 30x40x6 <30s     



LOGICIEL SPIRIT DSP Super-Sensitive Software GNSS-Receiver   32     600mW 30x40x6 <30s     



PUCE STMicroelectronics STA5620+STA2058 (Teseo)  NS    NS NS 39s  NS NS NS NS



OEM TOPCON E 112 T   20         2,7W to 3,3W 112 <60s       



OEM TOPCON E 160 T   20         3,5W to 4W 168x100x15 <60s        



OEM TOPCON G3 160T    20         4W to 5W 160x100x14,2 <60s        



HANDHELD TOPCON GMS-110  20   NS 157x48x170 NS     



HANDHELD TOPCON GMS-2   50  NS 197x90x46 NS     



HANDHELD TOPCON GR-3    72   NS NS NS      



HANDHELD TOPCON GR-5    216   NS NS NS       



OEM TOPCON GRS-1   72         1,5W to 2W 72,6x62,51x9 <60s    NS NS NS NS



HANDHELD TOPCON Hiper Ga   40   NS 159x173x113 <60s     



HANDHELD TOPCON Hiper Gb  40   NS 159x173x113 <60s     



HANDHELD TOPCON Hiper II   72   NS NS NS      



BOITIER TOPCON Net G3A    144     <4,5W 166x93x275 NS        



OEM TOPCON OEM-1   72        1,8W to 2,5W 60x100x13 <60s      



OEM TOPCON TG-3   50        1W to 1,2W 72,6x62,5 <60s    



BOITIER TRIMBLE AgGPS 106 receiver  8  <2W 155x94 <2,5min   



BOITIER TRIMBLE AgGPS 332 receiver  12  3,5W 145x56x218 <2,5min   



BOITIER TRIMBLE AgGPS 252 receiver  12  4,2W 297x69x306 <2,5min   



BOITIER TRIMBLE AgGPS 162 receiver  15  <4W 183x89x190 <2,5min   



BOITIER TRIMBLE AgGPS 262 receiver  13  4,2W 297x69x306 <2,5min   



HANDHELD TRIMBLE AgGPS RTK Base 450 receiver  24  8,5W 240x120x50 NS   



HANDHELD TRIMBLE AgGPS RTK Base 900 receiver  24  8,5W 240x120x50 NS   



OEM TRIMBLE BD950 L1/L2 GPS Receiver  24       1W to 1,5W 100x80x17 NS      



OEM TRIMBLE BD960 GNSS Receiver   72       2,1W 100x106,7x12,7 NS       



OEM TRIMBLE BD970 GNSS Receiver    220       1,4W to1,5W 100x60x11,6 NS        



OEM TRIMBLE BD982 GNSS Heading Receiver    220       2,1W to 2,3W 100x84,9x11,6 NS        



OEM TRIMBLE BX960 GNSS Receiver   72       8,8W 261x140x55 NS       



CHIPSET TRIMBLE Condor C1011  NS         NS 10x11x12 38s   



CHIPSET TRIMBLE Condor C1216  NS         NS 16x12,2x2,13 38s   



CHIPSET TRIMBLE Condor C1722  NS         NS 17x22,4x2,13 38s   



CHIPSET TRIMBLE Condor C1919A  NS         NS 19x19x2,54 38s   



CHIPSET TRIMBLE Condor C1919B  NS         NS 19x19x2,54 38s   



CHIPSET TRIMBLE Condor C1919C  NS         NS 19x19x2,54 38s   



CHIPSET TRIMBLE Condor C2626  NS         NS 26x26x6 38s   



OEM TRIMBLE Copernicus® II GPS Receiver  12         NS 19x19x2,54 38s     



BOITIER TRIMBLE DSM 232 GPS Receiver  24   4,2W 1148x56x216 NS     



HANDHELD TRIMBLE GeoExplorer 3000 Series GeoXH Handheld  26   < 4,3W 215x99x77 30s       



HANDHELD TRIMBLE GeoExplorer 3000 Series GeoXM Handheld  14   <3,7W 215x99x77 30s        



HANDHELD TRIMBLE GeoExplorer 3000 Series GeoXT Handheld  14   <3,7W 215x99x77 30s        



HANDHELD TRIMBLE GeoExplorer 6000 Series GeoXH™ Handheld  220   NS 234x99x56 45s        



HANDHELD TRIMBLE GeoExplorer 6000 Series GeoXT™ Handheld   220   NS 234x99x56 45s        



HANDHELD TRIMBLE GPS PAthfinder ProXH  12   <1,6W 106x40x146 30s      



HANDHELD TRIMBLE GPS Pathfinder ProXRT Receiver    220   NS 240x120x50 NS      



HANDHELD TRIMBLE GPS Pathfinder ProXT  12   <1W 106x40x146 30s      



HANDHELD TRIMBLE Juno SA handheld  12   NS 129x74x30 30s    



HANDHELD TRIMBLE Juno SB handheld  12   NS 129x74x30 30s     



HANDHELD TRIMBLE Juno SC handheld  12   NS 129x74x30 30s      



HANDHELD TRIMBLE Juno SD handheld  12   NS 129x74x30 30s      



HANDHELD TRIMBLE Nomad 900G Series  12   NS 176x100x50 50s       



BOITIER TRIMBLE SPS351 Beacon/DGPS  12     4,5W 240x120x50 NS         



BOITIER TRIMBLE SPS361 Heading receiver  72    6W 240x120x50 NS         



BOITIER TRIMBLE SPS461 GPS Heading Receiver  72      6W 240x120x50 NS         



BOITIER TRIMBLE SPS852 GNSS Modular Receiver   220       6W to 8W 240x120x50 NS         



OEM TRIMBLE Trimble AP10 Board Set   76       20W 167x100x45 NS       



OEM TRIMBLE Trimble AP20 Board Set   76       20W 130x100x39 NS       



OEM TRIMBLE Trimble AP40 Board Set   76       20W 130x100x39 NS      



OEM TRIMBLE Trimble AP50 Board Set   76       20W 130x100x39 NS       



BOITIER TRIMBLE Trimble NetR9 GNSS Reference Receiver    440        3,8W 265x130x55 NS         



HANDHELD TRIMBLE Trimble R3 GPS  12    0,6W 95x44x242 NS    



HANDHELD TRIMBLE Trimble R4 GPS   72      3,2W 190x109 <25s        



HANDHELD TRIMBLE Trimble R5 GPS   72        <5,9W 135x85x24 <10s        



HANDHELD TRIMBLE Trimble R6 GPS   72      3,2W 190x109 <25s        



HANDHELD TRIMBLE Trimble R7 GNSS   76        < 5,9W 135x85x240 <10s        



HANDHELD TRIMBLE Trimble R7 GPS  24        <3,75W 135x85x240 <30s        



HANDHELD TRIMBLE Trimble R8 GNSS    220      3,2W 190x112 <10s        



HANDHELD TRIMBLE Trimble R8 VRS Rover   76      <3,1W 190x112 10s        



HANDHELD TRIMBLE Trimble® 5800 Limited GPS System  24      <2,5W 190x100 NS     



CHIPSET u-blox AMY-6M GPS Module  50        67mW 6,5x8x1,2 36s     



CHIPSET u-blox LEA-6A GPS Module  50        NS 17x22,4x2,4 32s     



CHIPSET u-blox LEA-6H GPS Module  50        NS 17x22,4x2,4 26s     



CHIPSET u-blox LEA-6R Dead Reckoning GPS Module  50     NS 17x22,4x2,4 32s     



CHIPSET u-blox LEA-6S GPS Module  50        NS 17x22,4x2,4 29s     



CHIPSET u-blox LEA-6T GPS Timing Module  50        NS 17x22,4x2,4 29s      



CHIPSET u-blox MAX-6C GPS Module  50        NS 10,1x9,7x2,5 27s     



CHIPSET u-blox MAX-6G GPS Module  50        NS 10,1x9,7x2,5 26s     



CHIPSET u-blox MAX-6Q GPS Module  50        NS 10,1x9,7x2,5 26s     



CHIPSET u-blox NEO-6G GPS Module  50        NS 16x12,2x2,4 29s     



CHIPSET u-blox NEO-6M GPS Module  50        NS 16x12,2x2,4 32s     



CHIPSET u-blox NEO-6Q GPS Module  50        NS 16x12,2x2,4 29s     



CHIPSET u-blox UBX-G5000/UBX-G0010   50        64mW 4x4x0,85 29s to 32s    NS NS NS NS



CHIPSET u-blox UBX-G5010   50        64mW 8x8x0,85 29s to 32s    NS NS NS NS



CHIPSET u-blox UBX-G6000-BA/UBX-G0010-QA   50        67mW
20mW 4x4x0,85 26s to 27s    NS NS NS NS



CHIPSET u-blox UBX-G6010-NT  50        67mW
20mW 5x6x1,1 26s to 27s    NS NS NS NS



CHIPSET u-blox UBX-G6010-SA   50        67mW
20mW 8x8x0,85 26s to 27s    NS NS NS NS



CHIPSET u-blox UBX-G6010-ST  50        67mW
20mW 8x8x0,85 26s to 27s    NS NS NS NS
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BOITIER ASHTECH ADU5 (3D Attitude Sensor)  56      <6W 215x95x195 90s     NS



OEM ASHTECH DG14 Receiver  14        1,2W to 1,6W 108x57 90s   



BOITIER ASHTECH DG14 Sensor  14        1,3W to 1,7W 95x42x168 90s   



OEM ASHTECH MB 100 Board   45        <0,95W 58x56x11 45s       Available



OEM ASHTECH MB 500 Board   75        1,9W to 2,4W 100x80x13 90s      NS Not stated



HANDHELD ASHTECH MobileMapper 100   45     NS 190x90x43 NS       N/A Not Applicable



HANDHELD ASHTECH MobileMapper 6  12    NS 146x64x29 NS    



HANDHELD ASHTECH MobileMapper CX  14    NS 195x90x46 NS     



BOITIER ASHTECH ProFlex 500   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex 500 Marine   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex Lite   75       3,5W 190x58x160 NS     



BOITIER ASHTECH ProFlex Lite Duo   75     6,5W 190x58x160 NS     



HANDHELD ASHTECH ProMark 100   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 200   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 500   75    NS 228x188x84 NS       



OEM ASHTECH SkyNav® GG12W™ GPS Board  12   <1,5W 108x82,5x15,44 NS    



CHIPSET BROADCOM BCM2076 - Multifunction Monolithic IC   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET BROADCOM BCM4751 - Integrated Monolithic GPS Receiver  NS  NS 3x2,9 NS



CHIPSET BROADCOM BCM47511 - Integrated Monolithic GPS 
Receiver   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET CSR SiRFstarIII GSC3e/LPa  20  62mW 10x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3e/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3f/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIV GSD4e  48   10mW 3,5x3,2x0,6 NS   



CHIPSET CSR SiRFstarIV GSD4t  48   8mW 3,42x2,68x0,6 NS   



HANDHELD DELORME Earthmate PN-40  32     NS 50,8x133,35x38,1 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60  32     NS 50,8x133,35x38,2 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60w with SPOT Satellite 
Communicator  32     NS 50,8x133,35x38,3 <60s  NS NS NS



BOITIER FALCOM Bolero-LT  50       NS 85x56x20 <29s   



BOITIER FALCOM FOX-EN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-IN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-LT  50       NS 85x60x24 <29s    



BOITIER FALCOM FOX-LT-IP  50       NS 210x40 <29s   



BOITIER FALCOM FOX-LT-IP-AU-GLONASS   32  100mA 187,2x47,2 30s    



OEM FALCOM JP13 / JP13-S  20   140mW 25,5x25,5x3 <42s   



OEM FALCOM JP14-R - High sensitivity 20 channel GPS 
receiver  20   180mW 25,4x10,2x3 <45s   



OEM FALCOM JP14-Q - High sensitivity 20 channel GPS 
receiver  20   180mW 17,3x15,7x3 <45s   



OEM FALCOM JP18 - High sensitivity GPS receiver  20       27mA 11x11 <35s   



HANDHELD FALCOM Mambo2-UXFS  50       NS 103x54x26 <29s    
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BOITIER ASHTECH ADU5 (3D Attitude Sensor)  56      <6W 215x95x195 90s     NS



OEM ASHTECH DG14 Receiver  14        1,2W to 1,6W 108x57 90s   



BOITIER ASHTECH DG14 Sensor  14        1,3W to 1,7W 95x42x168 90s   



OEM ASHTECH MB 100 Board   45        <0,95W 58x56x11 45s       Available



OEM ASHTECH MB 500 Board   75        1,9W to 2,4W 100x80x13 90s      NS Not stated



HANDHELD ASHTECH MobileMapper 100   45     NS 190x90x43 NS       N/A Not Applicable



HANDHELD ASHTECH MobileMapper 6  12    NS 146x64x29 NS    



HANDHELD ASHTECH MobileMapper CX  14    NS 195x90x46 NS     



BOITIER ASHTECH ProFlex 500   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex 500 Marine   75       <5W 215x200x76 NS        



BOITIER ASHTECH ProFlex Lite   75       3,5W 190x58x160 NS     



BOITIER ASHTECH ProFlex Lite Duo   75     6,5W 190x58x160 NS     



HANDHELD ASHTECH ProMark 100   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 200   45   NS 190x90x43 NS       



HANDHELD ASHTECH ProMark 500   75    NS 228x188x84 NS       



OEM ASHTECH SkyNav® GG12W™ GPS Board  12   <1,5W 108x82,5x15,44 NS    



CHIPSET BROADCOM BCM2076 - Multifunction Monolithic IC   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET BROADCOM BCM4751 - Integrated Monolithic GPS Receiver  NS  NS 3x2,9 NS



CHIPSET BROADCOM BCM47511 - Integrated Monolithic GPS 
Receiver   NS   NS NS NS NS NS NS NS NS NS NS NS



CHIPSET CSR SiRFstarIII GSC3e/LPa  20  62mW 10x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3e/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIII GSC3f/LPx  20  46mW 7x10x1,4 <35s   



CHIPSET CSR SiRFstarIV GSD4e  48   10mW 3,5x3,2x0,6 NS   



CHIPSET CSR SiRFstarIV GSD4t  48   8mW 3,42x2,68x0,6 NS   



HANDHELD DELORME Earthmate PN-40  32     NS 50,8x133,35x38,1 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60  32     NS 50,8x133,35x38,2 <60s  NS NS NS



HANDHELD DELORME Earthmate PN-60w with SPOT Satellite 
Communicator  32     NS 50,8x133,35x38,3 <60s  NS NS NS



BOITIER FALCOM Bolero-LT  50       NS 85x56x20 <29s   



BOITIER FALCOM FOX-EN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-IN  50   1,03W 100x65x24 29s     



BOITIER FALCOM FOX-LT  50       NS 85x60x24 <29s    



BOITIER FALCOM FOX-LT-IP  50       NS 210x40 <29s   



BOITIER FALCOM FOX-LT-IP-AU-GLONASS   32  100mA 187,2x47,2 30s    



OEM FALCOM JP13 / JP13-S  20   140mW 25,5x25,5x3 <42s   



OEM FALCOM JP14-R - High sensitivity 20 channel GPS 
receiver  20   180mW 25,4x10,2x3 <45s   



OEM FALCOM JP14-Q - High sensitivity 20 channel GPS 
receiver  20   180mW 17,3x15,7x3 <45s   



OEM FALCOM JP18 - High sensitivity GPS receiver  20       27mA 11x11 <35s   



HANDHELD FALCOM Mambo2-UXFS  50       NS 103x54x26 <29s    
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 Available



NS Not stated



N/A Not Applicable



Caption



HANDHELD TRIMBLE GPS Pathfinder ProXRT Receiver    220   NS 240x120x50 NS      



HANDHELD TRIMBLE GPS Pathfinder ProXT  12   <1W 106x40x146 30s      



HANDHELD TRIMBLE Juno SA handheld  12   NS 129x74x30 30s    



HANDHELD TRIMBLE Juno SB handheld  12   NS 129x74x30 30s     



HANDHELD TRIMBLE Juno SC handheld  12   NS 129x74x30 30s      



HANDHELD TRIMBLE Juno SD handheld  12   NS 129x74x30 30s      



HANDHELD TRIMBLE Nomad 900G Series  12   NS 176x100x50 50s       



BOITIER TRIMBLE SPS351 Beacon/DGPS  12     4,5W 240x120x50 NS         



BOITIER TRIMBLE SPS361 Heading receiver  72    6W 240x120x50 NS         



BOITIER TRIMBLE SPS461 GPS Heading Receiver  72      6W 240x120x50 NS         



BOITIER TRIMBLE SPS852 GNSS Modular Receiver   220       6W to 8W 240x120x50 NS         



OEM TRIMBLE Trimble AP10 Board Set   76       20W 167x100x45 NS       



OEM TRIMBLE Trimble AP20 Board Set   76       20W 130x100x39 NS       



OEM TRIMBLE Trimble AP40 Board Set   76       20W 130x100x39 NS      



OEM TRIMBLE Trimble AP50 Board Set   76       20W 130x100x39 NS       



BOITIER TRIMBLE Trimble NetR9 GNSS Reference Receiver    440        3,8W 265x130x55 NS         



HANDHELD TRIMBLE Trimble R3 GPS  12    0,6W 95x44x242 NS    



HANDHELD TRIMBLE Trimble R4 GPS   72      3,2W 190x109 <25s        



HANDHELD TRIMBLE Trimble R5 GPS   72        <5,9W 135x85x24 <10s        



HANDHELD TRIMBLE Trimble R6 GPS   72      3,2W 190x109 <25s        



HANDHELD TRIMBLE Trimble R7 GNSS   76        < 5,9W 135x85x240 <10s        



HANDHELD TRIMBLE Trimble R7 GPS  24        <3,75W 135x85x240 <30s        



HANDHELD TRIMBLE Trimble R8 GNSS    220      3,2W 190x112 <10s        



HANDHELD TRIMBLE Trimble R8 VRS Rover   76      <3,1W 190x112 10s        



HANDHELD TRIMBLE Trimble® 5800 Limited GPS System  24      <2,5W 190x100 NS     



CHIPSET u-blox AMY-6M GPS Module  50        67mW 6,5x8x1,2 36s     



CHIPSET u-blox LEA-6A GPS Module  50        NS 17x22,4x2,4 32s     



CHIPSET u-blox LEA-6H GPS Module  50        NS 17x22,4x2,4 26s     



CHIPSET u-blox LEA-6R Dead Reckoning GPS Module  50     NS 17x22,4x2,4 32s     



CHIPSET u-blox LEA-6S GPS Module  50        NS 17x22,4x2,4 29s     



CHIPSET u-blox LEA-6T GPS Timing Module  50        NS 17x22,4x2,4 29s      



CHIPSET u-blox MAX-6C GPS Module  50        NS 10,1x9,7x2,5 27s     



CHIPSET u-blox MAX-6G GPS Module  50        NS 10,1x9,7x2,5 26s     



CHIPSET u-blox MAX-6Q GPS Module  50        NS 10,1x9,7x2,5 26s     



CHIPSET u-blox NEO-6G GPS Module  50        NS 16x12,2x2,4 29s     



CHIPSET u-blox NEO-6M GPS Module  50        NS 16x12,2x2,4 32s     



CHIPSET u-blox NEO-6Q GPS Module  50        NS 16x12,2x2,4 29s     



CHIPSET u-blox UBX-G5000/UBX-G0010   50        64mW 4x4x0,85 29s to 32s    NS NS NS NS



CHIPSET u-blox UBX-G5010   50        64mW 8x8x0,85 29s to 32s    NS NS NS NS



CHIPSET u-blox UBX-G6000-BA/UBX-G0010-QA   50        67mW
20mW 4x4x0,85 26s to 27s    NS NS NS NS



CHIPSET u-blox UBX-G6010-NT  50        67mW
20mW 5x6x1,1 26s to 27s    NS NS NS NS



CHIPSET u-blox UBX-G6010-SA   50        67mW
20mW 8x8x0,85 26s to 27s    NS NS NS NS



CHIPSET u-blox UBX-G6010-ST  50        67mW
20mW 8x8x0,85 26s to 27s    NS NS NS NS
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12  EXAMPLES OF PRACTICAL APPLICATIONS
 



This section gives four practical examples of EGNOS applications.



• The first application illustrates the advantages of using EGNOS for precision farming, 



• The second application explains how to use EGNOS to create a time distribution system, 



• The third application shows how EGNOS is used through the SISNeT service,



• Lastly, the fourth application illustrates the use of EGNOS’s integrity mechanisms.



 



12.1 PRECISION FARMING



Context of the application 



Precision farming is used to facilitate the cultivation of agricultural land, thus enabling farmers 
to make substantial savings. They are able to manage the yield from plots of land by taking into 
account its variability, the crops needs in terms of fertiliser and seed dispersal (management of 
input factors).



However, the cost of the equipment needed for precision farming remains high, which restricts 
its use to large farms. This is mainly due to the fact that equipment manufacturers offer solutions 
using RTK or DGPS techniques. Now, EGNOS is able to give farmers on small-and medium-
sized farms access to high-performance equipment at low cost.



Advantages of EGNOS



The two key parameters for precision farming are:



• accuracy of positioning to help with guidance of agricultural vehicles, 



•  accuracy of positioning from one pass to the next and from one year to the next  
for the agricultural vehicle: revisit capability. 



EGNOS appears particularly well-suited to this type of application, as it considerably enhances 
the positioning accuracy and revisit capability (compared to the use of GPS alone). In addition, 
the services offered by EGNOS are affordable, requiring only the use of a single-frequency 
receiver, which costs much less than RTK positioning systems.
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Architecture



The diagram below shows the architecture of a simplified guidance system for an agricultural 
vehicle. This system consists of an offset antenna placed on the vehicle’s roof, a GPS/EGNOS 
receiver and a computer running the guidance application. As an option, the receiver can be 
connected to an odometer, which improves guidance accuracy.



 



FIGURE 30: Architecture of the guidance system for an agricultural vehicle



Functions used



All the differential corrections broadcast by EGNOS are used for this application (see Section 
6.2), i.e.: 



• fast corrections, 



• long-term corrections, 



• ionospheric corrections.



As this is not needed, the receiver used does not process the integrity information.



Receiver constraints



There are no particular constraints with the receiver. Any EGNOS-compatible model  
(i.e. which can calculate all the differential corrections) will be suitable. The offset antenna  
on the vehicle’s roof offers a better reception of the GPS and EGNOS signals.



12 Examples of practical applications
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Implementation details



Using the EGNOS service is relatively simple with this kind of application. The differential 
corrections broadcast by EGNOS are taken into account directly by the receiver. The receiver 
is generally connected to the computer running the guidance application via a serial link. 



When the guidance application starts up, it is however necessary to: 



• send the receiver the configuration parameters telling it to use EGNOS, 



• if necessary, exclude the satellite used for EGNOS testing,



• if necessary, force the use of EGNOS despite the broadcasting of an MT0/2 type message. 



If the receiver uses the NMEA protocol to send data, Annex 5 provides details on how to detect 
that EGNOS is being used.



12.2 TIME DISTRIBUTION



Context of the application 



Time distribution is a system in which a master clock is responsible for synchronising one or 
more slave receiver clocks. In this application, the master clock synchronises itself using the 
UTC time provided by EGNOS and redistributes this time to the slave clocks.



Advantages of EGNOS



Here, EGNOS Network Time (ENT) is synchronised with the UTC time issued by the Paris 
Observatory (UTC(OP)) in order to synchronise the master clock.



12 Examples of practical applications
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Architecture



 



 



FIGURE 31: Architecture of a Time Distribution system



The master clock consists of a GPS/EGNOS receiver linked to an application engine (a micro-
controller) and an integrated or offset antenna. The antenna must have a clear “line of sight” in 
order to pick up the GPS and EGNOS signals. The receiver transmits its data to the microcon-
troller via a serial link.



Functions used



When the receiver uses the GPS and EGNOS data to calculate the PVT, the time calculated is 
ENT. To obtain UTC time, a correction model is used applying data from the EGNOS type-12 
message.



Receiver constraints



In this application the receiver is not considered to accept the MT12 corrections sent by EGNOS 
in native mode, but it can nevertheless calculate a PVT solution using GPS data and EGNOS’s 
fast, long-term and ionospheric corrections (MT2-5, 6, 18, 24 and 26). The receiver must be 
able to supply the complete EGNOS message to the master clock application. The UTC correc-
tion is performed in this application.



12 Examples of practical applications
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Implementation details



The microcontroller must initialise the receiver’s parameters in accordance with the manufac-
turer documentation, so that it:



• can use EGNOS data



• ignores the type 0 message, where necessary 



•  excludes, if possible, the use of the geostationary satellite used for EGNOS testing  
(Artemis in 2008)



• issues the EGNOS message as well as the PVT solution.



Once this initialisation has been completed, the microcontroller has to accept the messages 
from the receiver and wait for it to issue a PVT solution that takes EGNOS into account (the 
protocols indicate whether the solution has been calculated with GPS alone or with an SBAS 
satellite), and an EGNOS message.



When the microcontroller has received the PVT solution and the EGNOS message, it must then 
extract the type 12 message (Section 6.4) and correct the UTC time as described in Annex 8.



The UTC time obtained can then be sent to the slave clocks, correcting where necessary any 
delays due to calculation or data transmission.



These operations are repeated according to the refresh period for the PVT solution sent by the 
receiver. In most cases this period is one second.



12.3 USING SISNET



Context of the application 



In certain constrained environments, GPS and EGNOS signals may be difficult to acquire. For 
example, when a vehicle is driving along a road hemmed in by rows of tall buildings, the vehi-
cle’s onboard receiver may have difficulty picking up the satellite signals. Positioning in these 
environments, which are known as ‘urban canyons’, is poor. The use of SISNeT (see Section 
4.1) compensates for this EGNOS reception problem. This kind of environment also generates 
a lot of multipath errors, whose effects can only be dealt with using receiver-level techniques 
(RAIM to identify and exclude erroneous measurements, and multipath rejection algorithms).



12 Examples of practical applications
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Architecture



The system consists of a GPS receiver that communicates with equipment running the EGNOS/
SISNeT correction software (GPS/SISNeT correction module as shown in the diagram below). 
The equipment consists of an interface that is compatible with the GPS receiver, an Internet 
connection and an interface for sending the corrected positions to the application.



 



FIGURE 32: Architecture of the connection to SISNeT



Typically, this architecture can be provided by a smartphone with a Bluetooth connection to 
communicate with the receiver, and an Internet connection over GPRS. The correction module 
can be integrated directly in the smartphone.



Functions used



For this application, the EGNOS corrections broadcast via SISNet are used, as well as the 
ephemeris data and parameters of the Klobuchar ionospheric correction model also broadcast 
by SISNeT.



Receiver constraints 



For this application, it is important for the GPS receiver not to use EGNOS in native mode as 
the corrections are applied outside the receiver. The receiver must be able to send the time 
and position (longitude, latitude, altitude), as well as the list of satellites used to calculate the 
PVT solution. Most commercially available GPS receivers can do this. With regard to internet 
connectivity, because the (compressed) SISNeT messages are compact, the mean bandwidth 
needed is around 500 bits/s. Therefore, an Internet connection via GSM or GPRS is amply 
sufficient.



12 Examples of practical applications
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Implementation details



This section details the implementation of the GPS/SISNeT correction module. A full descrip-
tion of the algorithms is given in the DO-229D document. In addition, ESA has placed all the 
publications describing the use of SISNeT on its website at http://www.egnos-pro.esa.int/sisnet/
publications.html.



The GPS/SISNeT correction module must carry out the following operations:



•     Open the connection to the receiver and configure it so that it does not use EGNOS  
(or SBAS in general).



•     Open a connection to the SISNeT server. The server uses a standard TCP/IP connection 
and the information exchanged is in plain text.



Once the receiver has a valid GPS position, the module must carry out the following operations:



•      Decode the GPS position and the list of satellites used from the NMEA datastream, 



•      Transform this position into pseudoranges (for each satellite). This entails the reverse 
process to the one used by the receiver to calculate a position. This is possible because 
the SISNeT server makes available the satellite ephemeris data and Klobuchar parameters 
so as to ignore the rough ionospheric corrections produced by the GPS receiver.



•      Retrieve the EGNOS message, decompress it and apply the corrections to each 
pseudorange,



•     Recalculate a positioning solution using the corrected pseudoranges  
and the ephemeris data.



•      Reformat the result in the NMEA standard and transfer it to the application.



12.4 12.4 USING THE INTEGRITY SERVICE



Context of the application 



Imagine that a ship wishes to enter a port in conditions of reduced visibility. The navigator’s 
problem is how to ascertain that his position is accurate and reliable. The GPS system alone 
cannot ensure the reliability of his position. Where there is no local DGPS system, the combined 
use of GPS and EGNOS offers the navigator significantly increased accuracy and enables him 
to define a level of confidence corresponding to his position.



 



12 Examples of practical applications
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FIGURE 33: Example of a port environment



The level of confidence, known as the HPL, is a circle centred on the ship’s current position that 
assesses the risk to the ship to be 10-7 for every 150 seconds that it remains inside the circle. 
EGNOS has been designed to guarantee the position within a maximum radius of 40m (horizon-
tally) 99% of the time. In the event of an anomaly in the GPS constellation, EGNOS warns the 
navigator within 6 seconds that his position can no longer be guaranteed. This system enables 
the navigator to enter the port in full safety without risking a collision with the harbour walls.



Advantages of EGNOS



EGNOS helps to improve accuracy by correcting the measurements in the GPS signals and in 
particular by providing the integrity service.



Architecture



 



FIGURE 34: Functional architecture of the terminal



12 Examples of practical applications
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Functions used



All the messages distributed by EGNOS, as described in section 6.3, are used in this application, 
particularly the σudre and σgive parameters.



Receiver constraints 



In this application it is considered that the receiver does not calculate the radius of protection by itself, 
this is done by the navigation computer. In this case, the receiver must be able to provide all the raw 
GPS data (pseudoranges, navigation messages) and all the EGNOS messages.



Implementation details



The receiver only provides the computer with the raw GPS and EGNOS data. It is not designed to 
provide a position. The stages involved in implementing this system are as follows:



 •  Correct the pseudoranges for each GPS satellite using the EGNOS messages and exclude  
the pseudoranges for satellites declared by EGNOS as ‘Do Not Use’ and ‘Not Monitored’,



 •  Calculate a PVT solution using these corrected pseudoranges, 



 • Calculate in parallel the HPL by following the stages described in Annex 7,



 •  Display for the user the position, HPL and, if necessary, any integrity alarms.



12 Examples of practical applications
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A
AAIM    Aircraft Autonomous Integrity Monitoring 
ABAS   Aircraft Based Augmentation System
APV   APproach with Vertical guidance
ASCII   American Standard Code for Information Interchange
ASQF    Application Specific Qualification Facility



C
CDDS    Commercial Data Distribution Service
CE-GPS  Complément Européen du GPS (European Complement to GPS)
CNES   Centre National d’Etudes Spatiales
CONUS  Continental US
CPF    Central Processing Facility



D
DAB    Digital Audio Broadcast
DFS   Deutsche Flugsicherung GmbH
DGAC                        Direction Générale de l’Aviation Civile 
DGPS   Differential GPS
DoD   Department of Defence
DOP    Dilution of Precision 
DU    Do not Use



E
EC   European Commission
ECAC   European Civil Aviation Conference
EDAS   EGNOS Data Access System
EEIG   European Economic Interest Grouping
EGNOS  European Geostationary Navigation Overlay Service
ENAV   Ente Nazionale di Assistenza al Volo
ENT   EGNOS Network Time
ESA   European Space Agency
ESSP    European Satellite Services Provider
EWAN   EGNOS Wide Area Network 



F
FD    Fault Detection
FDE    Fault Detection and Exclusion
FP   Framework Programme for research and technological development



ANNEX 1 - Acronyms 
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G
GAGAN   GPS And GEO Augmented Navigation
GBAS    Ground Based Augmentation System
GDOP    Geometric Dilution Of Precision
GIVD   Grid Ionospheric Vertical Delay
GIVE    Grid Ionospheric Vertical Error
GIVEi   GIVE indicator 
GLONASS   Global’naya Navigatsionnaya Sputnikovaya Sistema
GNSS    Global Navigation Satellite System
GPGGA  Global positioning system fixed data
GPGLL  Geographic position - latitude / longitude
GPGSA  GNSS DOP and active satellites
GPGSV  GNSS satellites in view
GPRS   General Packet Radio Service
GPS   Global Positioning System
GSM   Global System for Mobile Communications



H
HAL   Horizontal Alert Limit
HDOP   Horizontal Dilution of Precision
HPL   Horizontal Protection Level



I
IAG-GRS  International Association of Geodesy - Geodetic Reference System
ICAO   International Civil Aviation Organization
ID    Identifier
IGP   Ionospheric Grid Point
IGS   International GNSS Service
INS   Inertial Navigation System
IODE   Issue Of Data Fast Ephemeris
IODFj   Issue Of Data Fast Correction j
IODI   Issue of Data Ionosphere
IODP    Issue Of Data PRN
IPP    Ionospheric Pierce Point
ITRF   International Terrestrial Reference Frame
ITU   International Telecommunications Union



J
JPL   Jet Propulsion Laboratory
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M
MCC   Monitoring and Control Center
MOPS 229D  Minimum Operational Performance Standards for Global Positioning
    System/Wide Area Augmentation System Airborne Equipment version D)
MSAS    Multi-functional Satellite Augmentation System
MT0   Message Type 0
N
NANU    Notice Advisory to NAVSTAR Users
NATS   National Air Traffic Services
NAV-EP  Navegação Aérea de Portuga
NAVSTAR GPS  NAVigation System with Time And Ranging Global Positioning System
NLES    Navigation Land Earth Station
NM    Not Monitored
NMEA   National Marine Electronics Association
O
OEM   Original Equipment Manufacturer
OS    Open Service
P
PACF    Performances Assessment And Check out Facility
PDOP   Position Dilution of Precision
PPP    Precise Point Positioning
1PPS    1 Pulse Per Second
PPS    Precise Positioning Service
PRN   Pseudo Random Noise
PVT   Position Velocity and Time
R
RAIM    Receiver Autonomous Integrity Monitoring
RDS   Radio Data System
RF   Radio Fréquency
RIMS   Ranging and Integrity Monitoring Stations
RINEX   Receiver INdependant Exchange
RTCA   Radio Technical Commission for Aeronautics
RTCM   Radio Technical Commission for Maritime Services
RTK    Real-Time Kinematic
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S
SA    Selective Availability
SBAS    Satellite Based Augmentation System
SISNeT  Signal In Space through the interNET
SME   Small or Medium Enterprise
SOL   Safety Of Life (service sécurité de la vie)
SPS    Standard Positioning Service 
T
TCP/IP  Transmission Control Protocol  / Internet Protocol
TDOP    Time Dilution of Precision
TGD   Time Group Delay
TTA   Time To Alarm
TTL   Transistor to Transistor Logic
U
UDRE   User Differential Range Error
UDREI   User Differential Range Error Indicator
UERE   User Equivalent Range Error
UTC   Universal Time Coordinated
UTM   Universal Transverse Mercator
V
VAL   Vertical Alarm Limit
VDB    VHF Data Broadcast
VDOP    Vertical Dilution of Precision 
VHF   Very High Frequency
VPL   Vertical Protection Level
W
WAAS    Wide Area Augmentation System
WGS84  World Geodetic System 1984
WiFi   Wireless Fidelity
WN   Week Number
X
XAL   Horizontal or Vertical Alarm Limit
XPL   Horizontal or Vertical Protection Level 
XEP   Horizontal or Vertical Protection Level
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A3.1 Overview



Civil and military GPS



When it was originally designed, the GPS system was intended for military use. However, it 
soon became apparent that there could also be many advantages for the civil user community. 
Today, the system’s ease of use, low equipment costs and accuracy have led to the growth of a 
considerable market (with several tens of millions of devices sold each year).



The Precise Positioning Service (PPS) is still reserved for authorised, controlled users, gene-
rally military, whereas the Standard Positioning Service (SPS) is available to the international 
civil community.



Until 2000, the accuracy of the standard positioning service was deliberately degraded so as to 
induce 100 metres of error in the horizontal position (95%). This degradation, known as Selec-
tive Availability (SA), was deactivated in May 2000.



Access to the services provided by GPS is free for all users. They must, however, have the 
equipment needed to process the data distributed by the GPS system. The cost of such equi-
pment varies from just a few euros to several thousand, depending on the functionality and 
performance required, and the content exploited (for example: mapping or traffic info).



A3.2 A3.2 System architecture



The GPS system is based on three segments:



•  the space segment, consisting of a constellation of satellites that emit the navigation 
signals,



•  the ground segment, which monitors and controls the space segment. In particular it provides 
the satellites with their orbital parameters for redistribution to the users,



•  the user segment, consisting of all the GPS receivers which calculate their position, velocity 
and time (PVT) using the signals received.



Space segment



The space segment of the GPS system is specified as nominally consisting of 24 satellites 
distributed evenly across 6 circular orbital planes at an altitude of 20,184 km, spaced at 60° 
intervals and with an inclination of 55° to the equatorial plane. Additional positions have been 
allocated for when the number of satellites in the constellation exceeds 24.
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FIGURE 35: GPS Constellation (source http://pnt.gov)



In practice, the number of operational GPS satellites is higher (31 satellites at the end of 2011). 



Each satellite’s orbital period lasts around 12 hours. The configuration of the constellation 
ensures that at any one time there are at least 6 satellites visible and the service is available at 
any point on the globe, with nevertheless a few availability limitations at higher latitudes.



The GPS satellites carry several highly accurate atomic clocks (up to 4 each) to time the precise 
moment at which the satellite transmits its data.



The GPS satellites transmit on two frequencies, known as L1 (1575.42 MHz) and L2 
 (1227.6 MHz).



The standard positioning service is currently broadcast exclusively on L1. Satellites from the 
IIR-M (launched from 2003 onwards) and II-F blocks (first launch performed in 2010) also 
broadcast a civil signal on the L2C frequency, whereas L5 is broadcast by II-F satellites.



Ground segment



The GPS satellites are permanently controlled by a network of five control stations, with the 
Master Control Station being located in Colorado Springs. The ground segment has several 
roles:



• To recalibrate the satellites’ atomic clocks. 



•  To generate the data that enable the user to calculate a position (satellite ephemeris data, 
clock corrections).



• To load the previous data onto the satellites for distribution to users.



• To control and command the satellites.
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User segment



This segment consists of the GPS receivers. It is important to bear in mind that a GPS receiver 
only monitors signals sent by the satellites and does not establish any contact with them.  
Therefore, a GPS receiver cannot be used by a third party to find out a user’s position without 
his knowledge.



The table below lists the main error types that a user typically comes across.



Error type



Orbit and synchronisation 1 m



Tropospheric error 0.25 m



Ionospheric error 2 m



Receiver noise 0.5 m



Multipath 0.2 m



UERE (1 σ) 2.31 m



HDOP (function of the geometry of the 
visible satellites) 1.1



Horizontal positioning precision error 
(1 σ) 2.54 m



Horizontal positioning precision error  
(2 σ 95 %) 5.08 m



TABLE 2: GPS error assessment: typical orders of magnitude



Note: Typical orders of magnitude are shown, with actual results depending on the conditions 
encountered, in particular: status of GPS constellation, place, date and time of day, elevation 
of satellites above the horizon, possible masking of satellites by obstacles, reflection of signals 
onto obstacles, behaviour of the ionosphere and troposphere, age of broadcast orbit and clock 
data, etc.



The sum of these errors enables an estimator known as UERE (User Equivalent Range Error) 
to be determined, which corresponds to the accuracy of the distance measurement between 
the user and each satellite.
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Calculation of position by the receiver



Using pseudoranges, the satellites’ orbital parameters and the error corrections, the receiver 
can calculate a position to within ten metres expressed in longitude, latitude and altitude in the 
World Geodetic System 1984 standard (WGS84).



The number and position of the satellites used by the receiver affect the accuracy of the posi-
tion. The satellites must be geometrically well distributed in order to minimise position error, as 
illustrated in the figure below.



 



 



FIGURE 36: Impact of the geometric distribution of the satellites



La répartition géométrique est quantifiée par une valeur sans unité appelée Dilution  
of Precision (DOP). On distingue plusieurs types de DOP :



 • GDOP = Geometric Dilution Of Precision.



 • PDOP = Position Dilution of Precision (3-D). 



 • HDOP = Horizontal Dilution of Precision (Latitude, Longitude).



 • VDOP = Vertical Dilution of Precision (Altitude).



 • TDOP = Time Dilution of Precision (Temps).
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The lower the value of the DOP, the greater the accuracy of the point. If we assume a σUERE 
measurement error common to all the satellites, we will have an XEP positioning error equal 
to:



XEP = σUERE . XDOP (X = G, P, H ou V)



Geodetic models



The coordinates (longitude, latitude, altitude) of a point are relative to a given geodetic model. 
Thus, the GPS system uses the WGS84 system developed by the US DoD. This system models 
the Earth with an ellipsoid whose centre is close to the centre of the Earth’s masses, whose Z 
axis is close to the centre of the Earth’s axis of rotation, and whose OXY plane is that of the 
equator. The WGS84 system has the following characteristics:



• The model is accurate to within one metre;



• The associated ellipsoid is the IAG-GRS80;



• The associated projection is the UTM.



Depending on the applications, it may be necessary to convert to other geodetic models. In 
France, for example, the legal reference system is the Réseau Géodésique Français 1993 
(RGF93) with a flat representation using the Lambert 93 projection.



Details on the different models, as well as the conversion tools, can be found on the website of 
the French National Geographical Institute, IGN (http://www.ign.fr).



A3.3 Integrity and availability of the GPS system



The command and control segment of the GPS system manages satellite unavailability periods. 
Each one leads to a report, known as the NANU (Notice Advisory to NAVSTAR Users), being 
published by the United States Coast Guard. These reports are available at: 
http://www.navcen.uscg.gov/GPS/nanu.htm.



Over the last decade, there have been about one or two of these satellite unavailability periods 
per year and per satellite. Although limited, these unavailability periods can place severe 
constraints on the system’s use.
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A number of unexpected malfunctions of the GPS system have been recorded, including the 
following:



•  Problems with the satellite clocks, as in July 2001 or January 2004, where the failure of 
the PRN23 clock resulted in a range error of 285 m before the satellite was identified as 
unhealthy by the system,



•  Signal modulation errors in 1994, when problems of signal distortion led to vertical errors of 
2 to 8 metres,



•  Errors in transmitting the ionospheric model, such as were observed from 28 May to 2 June 
2002,



•  Incorrect modelling of satellite orbits, as observed from 12 to 22 March 1993, which caused 
distance errors of more than 40 metres,



•  Undeclared orbital manoeuvres in 1995, where during an ionospheric storm, a satellite swit-
ched to nuclear detection mode and drifted from its nominal orbit.



•  …



EGNOS can detect these malfunctions in real time and correct them (with differential correc-
tions or “Do not Use”).
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ANNEX 4 - Elevation of a geostationary satellite



The following section gives details on how to calculate the elevation of a geostationary satellite 
according to the user’s observation position.



Note: All values must be expressed in radians. The formula for converting an angle expressed 
in degrees to radians is: Angle (radians) = Angle (degrees) x Pi/180



Notations and numerical values



Radius of the Earth = R = 6,378 km



Apogee of the geostationary orbit = AG = 35,786 km



User’s position (latitude, longitude) is lat_user, long_user



The satellite’s position is identified by its longitude (long_sat)



An Eastern longitude is positive, a Western longitude is negative



1 ) The user’s coordinates are calculated in Greenwich reference time by:  



  



 



 2) The satellite’s coordinates are calculated by: 



   



3) The distance separating the user from the satellite is calculated by:
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4) The user-satellite unit vector is calculated by: 



 



 5) The zenith vector is calculated by: 



   



6) The elevation of the satellite is deduced by:



  



 



The figure below shows the change in elevation of the EGNOS satellites at zero longitude:



 



FIGURE 37: Change in the elevation of EGNOS satellites by latitude



 



If the elevation of the satellite and the receiver’s immediate environment are known, the availa-
bility of the EGNOS satellites can therefore be predicted.
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The NMEA protocol offers no direct solution for determining whether the receiver is using 
EGNOS. Certain messages must first be interpreted in order to deduce this (Caution: only 
version 2.3 and later releases standardise the information needed to detect EGNOS).



Detection of the geostationary satellite used



Detection is via the GSA sentence (GPS DOP and active satellites) which gives, among other 
information, the list of satellites used by the receiver. Note that the satellite number uses NMEA 
identifiers (NMEA IDs). The following correlation table must therefore be used:



Satellite PRN NMEA ID
ARTEMIS 124 37



INMARSAT 3-F2 120 33
INMARSAT 3-F5 126 39



In the example below, the INMARSAT 3-F2 EGNOS (PRN120) satellite is being tracked.



Field Example Description
Sentence ID $GPGSA
Mode 1 A A = Auto 2D/3D, M = Forced 2D/3D
Mode 1 3 1 = No fix, 2 = 2D, 3 = 3D
Satellite used 1 01 Satellite used on channel 1
Satellite used 2 20 Satellite used on channel 2
Satellite used 3 19 Satellite used on channel 3
Satellite used 4 13 Satellite used on channel 4
Satellite used 5 33 Satellite used on channel 5
Satellite used 6 Satellite used on channel 6



Satellite used 7 Satellite used on channel 7



Satellite used 8 Satellite used on channel 8



Satellite used 9 Satellite used on channel 9



Satellite used 10 Satellite used on channel 10



Satellite used 11 Satellite used on channel 11



Satellite used 12 Satellite used on channel 12
PDOP 40.4 Position dilution of precision
HDOP 24.4 Horizontal dilution of precision
VDOP 32.2 Vertical dilution of precision
Checksum *0A



Terminator CR/LF
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Caution: this is not enough to deduce whether EGNOS is actually being used. It may be that 
an EGNOS satellite is being tracked by the receiver (i.e. the receiver has allocated a reception 
channel to this satellite) but it is not using its data. 



As well as the verification described above, the type of PVT solution calculated by the receiver 
must also be identified. This involves analysing the content of the integrity field given in the 
RMC, RMB, VTG or GLL sentences. This field must have the value D (Differential) if EGNOS 
data is being used.



The table below shows an example of the RMC sentence:



Field Example Description
Sentence ID $GPRMC
UTC Time 092204.999 hhmmss.sss
Status A A = Valid, V = Invalid
Latitude 4250.5589 ddmm.mmmm
N/S Indicator S N = North, S = South
Longitude 14718.5084 dddmm.mmmm
E/W Indicator E E = East, W = West
Speed over ground 0.00 Knots
Course over ground 0.00 Degrees
UTC Date 211200 DDMMYY
Magnetic variation Degrees



Magnetic variation E = East, W = West



Integrity D A=autonomous, D=differential, 
E=Estimated, N=not valable, S=Simulator



Checksum *25



Terminator CR/LF



 



To sum up, to find out whether the receiver is using EGNOS and the correction data, one of the 
satellite identifiers must be present in a GSA message and the integrity field of one of the RMC, 
RMB, VTG or GLL sentences must have the value D.
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EGNOS transmits ionospheric corrections which enable the ionospheric error to be estimated 
for each IPP. These ionospheric corrections are broadcast for each point on a virtual grid located 
at an altitude of 350 km. These points are known as Ionospheric Grid Points (IGPs).



FIGURE 38: Principle of the IPP (Ionospheric Pierce Point)



The following equations provide the latitude (ΦPP) and longitude (λPP) of an IPP.



 
 ( )Appuppupp cossincoscossinsin 1 ψφψφφ += − expressed in radians



where    



 corresponds to the angle, in radians, between the user position and the direction of the IPP 
taken back towards the Earth centre.



A is the satellite azimuth angle in relation to the user’s position (Φu, λu), measured in relation to 
the direction of North.



E is the satellite elevation angle in relation to the user’s position (Φu, λu), measured in relation 
to the local tangent plane. 



Re is an approximation of the Earth’s radius (6,378 km).



hI is the height of maximum electron density (350km).
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The longitude of the IPP is given by:



If  Φu>70° and tan(ψPP)cos A>tan(π/2 – Φu) 



or



if Φu< – 70° and tan(ψPP)cos(A + π)>tan(π/2 + Φu)



then,



 



otherwise, 



 



 
After calculating the position of his IPP, the user must select which IGPs to use to interpolate the 
ionospheric correction and its variance. This operation is carried out using information provided 
in the ionospheric mask, and must be done while taking into account whether the IGP is “moni-
tored”, “not monitored” or “do not use”. If one of the IGPs is identified as “not monitored”, inter-
polation is done within a triangle containing the IPP. If two of the IGPs are “not monitored”, the 
interpolation cell must be widened.



All the IGP selection rules are given in section A4.4.10.2 of Annex A to DO-229D [DR2].



All the rules for interpolation of the IPP’s vertical ionospheric delay and its variance are given in 
section A4.4.10.3 of Annex A to DO-229D [DR2].



 



FIGURE 39: Principle of interpolation of the IPPs
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ANNEX 6 - Calculating ionospheric corrections



Once the user has calculated the vertical error for the IPP, he must then multiply this vertical error 
by the Obliquity Factor Fpp to obtain the ionospheric correction IC, to add to the pseudorange 
measurement:



 



in which Fpp is defined as follows:



σ2
UIRE  is then calculated as follows:



  σ2
UIRE = F2



pp . σ
2



UIVE



  



FIGURE 40: Change in Obliquity Factor according to Elevation
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The HPL parameter is defined as the radius of a circle located in the horizontal plane  
(i.e. tangential to the WGS84 ellipsoid), whose centre is the actual position of the antenna, and 
which thus describes the zone guaranteed to contain the horizontal position calculated.



The HPL enables a limit to be estimated for the position errors. It is calculated by the receiver or 
equipment using information transmitted by the EGNOS system, the receiver’s own parameters 
and geometric factors. 



The following parameters, transmitted by EGNOS, are needed to establish the protection levels:



•  UDRE (User Differential Ranging Error) which characterises the estimated residual errors in 
the orbit/clock corrections for each satellite.



•  GIVE (Grid Ionospheric Vertical Error) which describes the potential error level in the ionos-
pheric corrections. 



For this, the following EGNOS messages must be retrieved:



• Message type 1 to obtain the PRN mask



• Message types 2-5, 6, 24 for orbit and ephemeris errors (UDRE)



• Message types 18 and 26 for ionospheric error (GIVE).



In this equation, KH,NPA is set to 6.18 for NPA phases, and so for aeronautics domain, correspon-
ding to a probability of non-integrity of 1.10-7/hr.



This parameter may however be modified for other applications, for example terrestrial ones, so 
enabling to have reduced HPL values for less important non-integrity probabilities. 



Values for KH,NPA can therefore be:



• 3.717 for a non-integrity probability of 10-3 



• 3.034 for a non-integrity probability of 10-2 



• etc.
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For a navigation solution computed from the least square method, S is defined by: 
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* σ2
i,flt represents the variance of fast and long term correction residual error. It can be computed 



this way: 
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  Where : 



RSSUDRE = root-sum-square flag in Message Type 10 



UDRE = model parameter in Message Type 2-6, 24 



UDRE = UDRE factor for user location, if defined in Message Type 27 ou 28, otherwise 
UDRE equals 1 (see specific point below) 



 fc ,  rrc ,  ltc ,  er  = degradation parameters for respectively fast correction data, range rate 
correction data, long term correction or GEO navigation message data, and en route 
through NPA applications  



For more clarification, refer to Appendix A, section A.4.5.1 of DO229D 
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* σ2
i,UIRE is the variance of ionospheric correction errors, as defined in Annex 6. For more details, 



refer to Appendix A, sections A.4.4.10 and A.4.5.2 of DO229D 



* σ2
i,tropo represents the square of tropospheric correction residual error, the latter being defined: 



 )(, Elm iTVEtropoi    



Where: 



Tropospheric vertical error σTVE = 0.12 meters, 



A simplified computation of m(Eli) can be got through below equation for 
satellite elevation angles [Eli] above 4: 



m El
Eli
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For more clarification, refer to section A.4.2.4 of DO229D 



* σ2
i,air is provided thanks to the expression σ2



i,air = σ2
i,noise+ σ2



i,multipath+ σ2
i,divg  with : 



  with θ elevation angle of satellite, in degrees. 
)10/)((53,013,0][ i



multipath ei  



 , by applying a linear 



interpolation between these two values (elevation min value = 5° and max value = 90°) 
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Definition of UDRE : 



UDRE parameter is a multiplying factor of UDRE applied when inside or outside defined areas 
(5 at the maximum), all these parameters being provided through MT27 or MT28. 



In EGNOS, MT27 is used in a basic way, the defined area being the ECAC one, with an UDRE 
maximum outside this area. 
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(5 at the maximum), all these parameters being provided through MT27 or MT28. 



In EGNOS, MT27 is used in a basic way, the defined area being the ECAC one, with an UDRE 
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EGNOS data enable to correlate EGNOS time (ENT=EGNOS Network Time) with UTC. This 
correlation of ENT is carried out from parameters provided by Message Type 12.  



Message Type 12 consists of the 8-bit preamble, a 6-bit message type identifier (= 12) followed 
by 104 information bits for the UTC parameters. Details of correlation parameters are provided 
in section A.4.4.15 of DO229D [DR2]. Parameters definition, as well as algorithms to be used 
are defined in sections  20.3.3.5.1.6 and 20.3.3.5.2.4 of IS-GPS-200 [DR3],with the exception 
that the UTC parameters will correlate UTC time with EGNOS Network Time rather than with 
GPS time. 



Between UTC and ENT there are three equations to be applied, which depend on the rela-
tionship between the effective time and the user’s ENT time.



NB: the user must take into account the truncation of WNLSF, WNt and WN to the eight least 
significant bits of the complete week number, which contains a total of 10 bits.



Condition a) of IS-GPS-200D



When the effective time (as indicated by the WNLSF and DN values) is not in the past (relative to 
the user’s present time) and the user’s present time falls outside the time interval beginning six 
hours before the effective time and ending six hours after the effective time, UTC is obtained by 
the following equation :



tUTC = (tE - ∆tUTC) [modulo 86400] seconds



Where, ∆tUTC = ∆tLS + A0 + A1(tE - tot + 604800 (WN - WNt)) seconds 



tE =  EGNOS time estimated by the user (in seconds, expressed relative to the beginning/end 
of the week); 



WN = current week number (in sub-frame 1 of the GPS navigation message).



Condition b) of IS-GPS-200D



When the user’s current time is included in the time window beginning six hours before the 
effective time and ending six hours after the effective time, UTC is provided by the following 
equation:



tUTC = W[modulo (86400+∆tLSF-∆tLS] seconds



where W=(tE-∆tUTC-43200) [modulo 86400] + 43200 seconds



and the definition of ∆tUTC (see a) above) applies throughout the entire transition period.  



Condition c) of IS-GPS-200D



When the effective time of the presence of the leap second, as indicated by the WNLSF and DN 
values, is in the past (relative to the user’s current time), the relationship given for tUTC under 
condition a) remains valid but the value of ∆tLSF is substituted by that of ∆tLS, i.e.



tUTC = (tE - ∆tUTC) [modulo 86400] seconds



where, ∆tUTC = ∆tLSF + A0 + A1(tE - tot + 604800 (WN - WNt)) seconds.



ANNEX 8 - Synchronisation with UTC

















107



One way of representing both EGNOS’s availability and integrity on the same graph is to use 
a Stanford Diagram. This kind of graph, initially used to validate SBAS systems, displays, for a 
known position, the protection limit (VPL or HPL) according to the errors observed (vertical or 
horizontal). 



The alarm limit values (VAL or HAL) are shown on the two axes, as well as the straight line y=x 
(in orange) that enables the non-integrity events to be identified. If there is no failure in integrity, 
the XPLs should be located on the left of this straight line (XPL>XPE). In addition, the availability 
is calculated using the number of samples of XPL that are less than XAL (since if XPL>XAL, then 
no integrity guarantee can be established for the calculated position).



FIGURE 41: Stanford Diagram



• If XPL > XAL (grey area): The navigation integrity service is unavailable



• If XPL < XAL and 



 - XPE< XPL (green area): Nominal case of the integrity service



 - XPL< XPE < XAL (orange area): Loss of system integrity, no data integrity



 -  XPL< XAL< XPE (red area): Loss of navigation integrity for the user, the system sends  
an alarm to the user in less than 6 seconds.
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Executive Summary 



 



The US-EU Agreement on GPS-Galileo Cooperation signed in 2004 laid down the 
principles for the cooperation activities between the United States of America and the 
European Union in the field of satellite navigation.  In particular, the work undertaken by 
Working Group A has lead to an interoperable and compatible signal design for the GPS 
and Galileo systems. 
 
The Agreement also foresaw "a working group to promote cooperation on the design and 
development of the next generation of civil satellite-based navigation and timing 
systems", which is the focus of Working Group C. 
 
This note has been prepared as part of the Working Group C activities, with the purpose 
of ensuring interoperability of Space-Based Augmentation Systems (SBAS), as provided 
by the EU through the European Geostationary Navigation Overlay System (EGNOS) 
and the US through the Wide Area Augmentation System (WAAS).  This work is also 
intended to complement analysis of the interoperability of open service capabilities of 
GPS and Galileo. 
 
SBAS was developed to meet the rigorous requirements of safety-of-life applications.  
Key among those user requirements has been the aviation community, whose high 
integrity requirements are among the most demanding.  This paper assesses the 
performance achieved by an SBAS receiver for several SBAS-supported aviation 
applications as provided by current versions of the SBAS systems.  The analysis assumes 
a receiver qualified to the minimum performance standards for an aviation-quality SBAS 
receiver. 
 
This study has confirmed that the combined performance of EGNOS and WAAS provide 
excellent availability and coverage throughout Europe and the US, while also improving 
performance in other portions of the globe as the SBAS signals cover the majority of the 
earth.  The results confirm that the combined performance of WAAS and EGNOS 
provides coverage over a significant portion of the globe, with a fully interoperable 
capability.  The improvements of SBAS, as compared to GPS alone, are greatest for 
tighter performance requirements and when the GPS constellation is degraded in any 
capacity (an orbital slot without a healthy and transmitting signal).  The results also show 
the effects of a geostationary satellite ranging signal in improving performance 
throughout the satellite footprint. 
 
Working Group C also promotes the interoperability of WAAS and EGNOS.  In addition 
to the safety-of-life applications, these services are already in use by millions of open-
service receivers as a means to augment the performance and availability of GPS.  The 
performance for these users has not been evaluated in this paper, as there are no user 
receiver standards upon which to base assumptions for the analysis. 
 
This technical note has been prepared by the Working Group C with the Federal Aviation 
Administration, European Space Agency and Mitre Corporation as main contributors. 
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1 INTRODUCTION AND PURPOSE 



The US-EU Agreement on GPS-Galileo Cooperation signed in 2004 laid down the 
principles for the cooperation activities between the United States of America and the 
European Union in the field of satellite navigation.  In particular, the work undertaken by 
Working Group A has lead to an interoperable and compatible signal design for the GPS 
and Galileo systems. 
 
The Agreement also foresaw "a working group to promote cooperation on the design and 
development of the next generation of civil satellite-based navigation and timing 
systems", which is the focus of Working Group C. 
 
This note has been prepared as part of the Working Group C activities, with the purpose 
of ensuring interoperability of Space-Based Augmentation Systems (SBAS), as provided 
by the EU through the European Geostationary Overlay System (EGNOS) and the US 
through the Wide Area Augmentation System (WAAS).  This work characterizes the 
performance offered by the current versions of SBAS (i.e. single frequency GPS 
augmentation, GEO ranging capability offered by WAAS but not by EGNOS, etc.)  A 
trade-off analysis of the performance provided to GPS/SBAS receivers as compared to 
GPS/RAIM only receivers is provided as well.  Finally, this work is also intended to 
complement analysis of the interoperability of open service capabilities of GPS and 
Galileo. 
 
SBAS was developed to meet the rigorous requirements of safety-of-life applications.  
Key among those user requirements has been the aviation community, whose high 
integrity requirements are among the most demanding.  This paper assesses the 
performance achieved by an SBAS receiver for several SBAS-supported aviation 
applications.  The analysis assumes a receiver qualified to the minimum performance 
standards for an aviation-quality SBAS receiver. 
 
The main focus of the discussion is set on navigation service availability, which can be 
briefly defined as follows in non-technical terms: service is available when (and only 
when) the integrity of the navigation solution meets the requirements of the flight 
operation for which navigation guidance is desired. 



Section 2 presents an overview of SBAS and the receiver considered in the study, the 
environmental assumptions (ionosphere, troposphere, and multipath) and the GPS, 
WAAS and EGNOS constellation assumptions. Section 3 defines the performance 
metrics, describes the process followed to obtain them, and presents the simulation 
results. Section 4 presents the conclusions. The document is completed by some 
appendixes which provide the required background to understand the assumptions and 
the process followed. 



This technical note has been prepared by the Federal Aviation Administration, the 
European Space Agency, and the MITRE Corporation. 



1.1 SBAS Overview 



The SBAS concept was initially developed to provide service to aviation over wide areas 
(e.g., continental areas) because navigation solutions derived from GPS alone did not 
provide the level of integrity required for flight operations.  In addition to providing 
integrity information on GPS satellites, current SBAS implementations also provide 
corrections to improve the accuracy of ranging measurements from GPS satellites, and 
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thereby improve the accuracy of the navigation solution.  SBAS correction and integrity 
information is broadcast to the users from geostationary earth orbiting (GEO) satellites 
using a signal structure similar to that of the GPS civil (Coarse Acquisition, C/A) signal 
on the GPS L1 frequency.  This design choice makes it possible for SBAS GEOs to 
operate as additional ranging sources, and current SBAS implementations either already 
provide this additional functionality, or plan to provide this additional functionality in a 
future system upgrade.  A further consequence of this design choice is that SBAS User 
Equipment (UE) uses the same antenna as GPS UE, which minimizes the amount of 
retrofit work needed in order to upgrade an existing installation from GPS UE to SBAS 
UE. 



Three SBAS implementations are currently operational:  the Wide Area Augmentation 
System (WAAS) from the US, the European Geostationary Navigation Overlay System 
(EGNOS) from the EU, and the MTSAT Satellite Augmentation System (MSAS) from 
Japan1.  A fourth SBAS implementation, the GPS-Aided and GEO-Augmented 
Navigation System (GAGAN) from India, is in a later stage of development.  A fifth 
SBAS implementation, the Russian Wide Area Augmentation System (SDCM) is 
currently in an early stage of development. 



1.2 SBAS Interoperability 



The ICAO Standard and Recommended Practices (SARPs) in Annex 10 [1] provide 
high-level requirements ensuring the safety and interoperability of SBAS 
implementations from different Air-Navigation Service Providers (ANSPs).  However, 
SBAS implementations are complex systems with multiple layers of requirements.  
Therefore, several international forums have been created for ANSPs to address issues 
raised by potentially different interpretations, or implementations, of requirements, and 
resolve these issues so as to ensure the highest possible level of assurance in the safety 
and interoperability of the different implementations.  One of these forums is the well-
established SBAS Inter-operability Working Group (IWG).  In this context, the close 
coordination between the US and EU implementation programmes has enabled to establish clear 
guidelines for the interpretation of standards. 



1.3 Basic SBAS Architecture 



The basic SBAS architecture comprises a set of ground reference stations distributed 
across the main service area, one or more master stations, one or more satellite uplink 
stations, one or more geostationary earth orbiting satellites (GEOs), and a 
communication network linking the various ground components.  The reference stations 
continuously collect ranging and information data from all GPS satellites in view and 
transmit that information to the master stations.  Using that information as well as the 
surveyed positions of reference station receiving antennas, the master stations compute 
corrections and integrity information, format the information in a set of pre-defined 
messages, and transmit that information to the uplink stations.  The uplink stations 
modulate the messages on uplink signals and transmit these signals to navigation 
payloads on the GEOs.  The navigation payloads then broadcast the augmentation signals 
(at the GPS L1 frequency) to the users.  The uplink stations also drives the timing of the 
                                                 
1 Currently, two of these SBAS implementations (WAAS and MSAS) have been commissioned for Safety-



of-Life (SoL) applications; the third SBAS implementation (EGNOS) is currently operational for non-
SoL applications, but it is undergoing certification and is expected to be commissioned for SoL 
applications by the middle of 2010. 
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GEO augmentation signals to allow those signals to be used as additional ranging 
sources.  Redundancy is typically built throughout the entire system (reference receivers, 
master stations, communication network, uplink stations and GEOs) in order to achieve a 
high continuity performance as well as high system reliability. 



1.4 SBAS Services 



SBAS has the ability to support navigation in all phases of flight from en route 
navigation to vertically guided approach procedures with a Decision Height as low as 
200 ft above runway threshold, in other words procedures that are essentially equivalent 
to Precision Approach Category I.  This type of vertically guided approach procedure is 
known as Localizer Performance approach with Vertical guidance (LPV).  SBAS is able 
to achieve the level of performance required for vertically guided approach procedures 
because: (1) it performs a real-time monitoring of all GPS satellites in view (and its own 
GEOs) as well as a real-time monitoring of the signal propagation delays caused by the 
ionosphere in the region of the main service area, and (2) it broadcasts satellite and 
ionospheric corrections and associated integrity information, which the SBAS UE uses to 
improve the navigation solution and compute sufficiently small integrity bounds for the 
navigation solution.   



Airborne-Based Augmentation System (ABAS) relying on GPS and Remote 
Autonomous Integrity Monitoring (RAIM) (hereafter simply GPS/RAIM) is another 
GNSS-based navigation technology that is widely used in aviation.  GPS/RAIM relies on 
the integrity information broadcast by GPS satellites, which has a much lower degree of 
assurance than SBAS integrity information, and the RAIM algorithm, which raises the 
integrity level of the navigation solution to meet the aviation requirement.  The RAIM 
algorithm performs a consistency check of the position solution: it requires a sufficient 
number of GPS satellites in view and a favourable geometric arrangement of these 
satellites.  Due to the performance limitations of this technical approach, GPS/RAIM is 
authorized for en route navigation to non-precision approach (also called Lateral 
Navigation or LNAV), but not for LPV2.  Other benefits of SBAS as compared to 
GPS/RAIM include improved and more consistent positioning accuracy, improved 
continuity of service, and improved availability of service (in particular during time 
periods when the GPS constellation is temporarily degraded due to one or more satellite 
failures or to ground control segment maintenance action requiring one or more satellites 
to be taken temporarily out of service). 



As mentioned above, each SBAS has a main service area defined as the area where it 
provides the highest level of service and minimum performance levels are guaranteed by 
the service provider.  However, an SBAS also provides services well beyond its main 
service area; in fact it does so wherever the signals from its GEOs can be received.  Such 
services include corrections on GPS satellites that are in common view of the user and 
the network of SBAS reference stations as well as additional ranging sources (from 
SBAS GEOs).  SBAS UE can take advantage of this information in order to improve the 
navigation solution as compared to GPS/RAIM. 



                                                 
2 GPS/RAIM here refers to the current single-frequency, single-constellation implementation.  Whether 



future multi-frequency, multi-constellation GPS/RAIM designs might be able to provide LPV service 
is currently a subject of active research. 
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As a result of the improved accuracy and availability of PNT services provided by 
SBAS, reliance on SBAS signals-in-space has expanded well beyond the world of 
aviation and has penetrated into the worlds of road, rail and maritime navigation, as well 
as agriculture, geophysics, and many others. 



 



1.5 SBAS Evolution 



Current SBAS implementations provide services to users relying exclusively on the GPS 
L1-frequency signal (so-called single-frequency users), and for this reason also rely on 
the L1-frequency to broadcast their augmentation signals.  However, improved dual-
frequency services are expected to become available within the next 10 years.  In fact, 
SBAS service providers are now drawing plans for future enhancements to SBAS in 
response to the modernization of the existing core constellations, GPS and GLONASS, 
and the planned deployment of new GNSS core constellations such as GALILEO and 
COMPASS.  These enhancements aim at providing improved services based on dual-
frequency, multi-constellation navigation solutions.  This includes in particular potential 
future SBAS services based on augmentation of the GPS L1 and L5 signals, and possibly 
augmentation of the GALILEO E1 and E5 signals as well.  The enhanced PNT services 
will provide further improvements in accuracy, availability and continuity performance.  
They will also be extremely robust to potential degradations of core satellite 
constellations, as well as environmental effects resulting from severe ionospheric storms 
and other disrupting ionospheric phenomena (e.g., ionospheric depletions in equatorial 
regions).  For such new services to become reality, standards will need to be developed 
both for the SBAS infrastructure and for user equipment.  System enhancements will 
need to be developed, implemented and certified.  Avionics will need to be developed, 
certified, commercialized and installed on aircraft, and the new core constellation signals 
will need to be available on a sufficient number of satellites to ensure operational 
benefits.  In addition, dual frequency SBAS will be a significant element in increasing 
LPV coverage beyond today’s SBAS core areas. 
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2 SBAS OVERVIEW 



2.1 Receiver Assumptions 



Two types of user equipment (UE) were considered in the analysis: 



• GPS/RAIM UE compliant with the new GPS UE Minimum Operational 
Performance Standard (MOPS) [2]. 



• SBAS UE compliant with the SBAS UE MOPS [3]. 



 
Common design features were assumed for the two UE types, e.g., “all-in-view” 
receivers using the typical elevation mask angle of 5 degrees and identical RAIM 
algorithms.  SBAS UE includes a RAIM algorithm to ensure that the UE will provide a 
navigation service at least as good as GPS/RAIM in regions of the globe where either no 
SBAS signal is received (e.g., over the poles), or the geometry of SBAS-corrected GPS 
satellites is not sufficiently good to support service using an SBAS-based navigation 
solution only (e.g., in the higher latitudes of the southern hemisphere).  Additional inputs, 
which are sometimes used in some airborne implementations to further improve 
performance (e.g., barometric altimeter aiding and inertial reference unit aiding), were 
not considered in the analysis. 



2.2 System Assumptions 



Service availability is highly dependent on the state of the constellation.  While the GPS 
constellation has operated with 30 or more satellites for the last few years, the 
commitment of the US Government regarding the maintenance of the GPS constellation 
is expressed as follows [4]: 



• ≥ 0.957 probability that a slot in the baseline 24-slot configuration will be 
occupied by a satellite broadcasting a healthy signal-in-space. 



• ≥ 0.98 probability that at least 21 slots out of the 24-slots will be occupied by a 
satellite broadcasting a healthy signal-in-space. 



 



For this analysis, the following assumptions were agreed regarding the GPS 
constellation: 



• 24-satellite nominal constellation. 



• 28-satellite extended constellation representing a conservative approximation to 
the state of the GPS constellation over recent years3. 



 



In both cases, the state of the constellation remains constant throughout the analysis; in 
other words satellite outages are not assumed to occur at any time. 



                                                 
3 In a few rare instances, the total number of satellites broadcasting a useable signal dropped to 28 for a few 



hours due to maintenance action by the GPS ground control segment. 
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3 PERFORMANCE 



SBAS performance is typically defined from a user perspective and expressed in terms of 
the accuracy, availability, continuity, and integrity of the different user services 
supported.  Minimum requirements for these different performance metrics are provided 
in the ICAO SARPs, not only for SBAS but for other GNSS technologies as well.  As 
mentioned earlier, one of these other technologies is ABAS relying on GPS/RAIM.  In 
this case, the level of integrity required for flight operations is achieved via the RAIM 
algorithm.  Since GPS/RAIM is a very common means of navigation in aviation, 
including air-transport aircraft, much can be learned from comparing the service 
availability performance from GPS/RAIM and SBAS. 



Integrity is an absolute requirement for aviation applications.  Integrity is assured by the 
design of the RAIM algorithm in the case of a GPS/RAIM application, and by the design 
of the SBAS implementation (and SBAS avionics) in the case of an SBAS application.  
However, the final integrity check is performed by the avionics, which computes a high 
confidence bound on the residual error in the navigation solution and compares this 
bound to a pre-established tolerance to determine whether the service can be used 
operationally (is available).  The high confidence bound in the horizontal dimension is 
known as Horizontal Protection Level (HPL).  The pre-established tolerance to which 
HPL is compared is known as a Horizontal Alert Limit (HAL) to determine if a given 
operation can be supported. 



GPS/RAIM UE computes HPL from the integrity information broadcast by GPS using 
the RAIM algorithm.  SBAS UE computes HPL from the integrity information broadcast 
by SBAS using prescribed formulas.  (SBAS UE can also compute HPL using the 
integrity information broadcast by GPS and the RAIM algorithm in regions where SBAS 
service is not available.)  The avionics compares HPL to the HAL value established for 
the desired flight operation (and known to the avionics).  Service is available (i.e., the 
flight operation can be conducted using the selected mode of navigation) if and only if 
HPL does not exceed HAL (i.e., HPL ≤ HAL).  For flight operations that include vertical 
guidance such as LPV in addition to horizontal guidance, a second condition must also 
be satisfied: the Vertical Protection Level (VPL) computed by the UE must not exceed 
the Vertical Alert Limit (HAL) associated with the flight operation (i.e., VPL ≤ VAL). 



Integrity being assured by design, the next performance metric of interest from an 
operational point of view is availability.  Availability performance depends on the 
technology used to verify that the navigation solution has integrity (RAIM or SBAS), the 
state of the GPS constellation, the design of the avionics receiver, and the specific values 
of the HAL established for the desired flight operation.  The integrity technologies, GPS 
constellation states, and flight operations assumed in the analysis provided in this section 
are briefly described in the following sub-sections. 



3.1 Performance Definition 



The analysis considered four different service levels defined in terms of HAL values: 



• HAL = 1.0 nm 



• HAL = 0.5 nm 



• HAL = 0.3 nm 



• HAL = 0.15 nm 











 



10           19 July 2010 



   



These values were selected as representative of the following Required Navigation 
Performance (RNP) operations: RNP 1.0, RNP 0.5, RNP 0.3 and RNP 0.15.  The 
following caveat however should be noted.  RNP performance is an airframe 
characteristic that depends on the Total System Error (TSE), which accounts for both the 
Navigation System Error (NSE) and Flight Technical Error (FTE).  HAL is a bound on 
NSE.  Therefore, the RNP level and HAL value differ for some aircraft types.  However, 
they are the same for many aircraft types, which explains the selected HAL values. 



3.2 Process Description 



The analysis results included in this section were obtained via simulation, modelling the 
behaviour of both WAAS and EGNOS under the identified assumptions.  The results 
were aggregated to yield a comprehensive depiction of the coverage afforded by both 
systems. 



3.3 Performance Results 



 A first set of results was originally produced in a joint effort by the delegations of 
United States (US) and the European Commission (EC) to the ICAO Navigation System 
Panel (NSP) [5].  This set contains worldwide availability maps showing the availability 
performance at each point of the maps between 70°N and 70°S for two GPS 
constellations with 24 (nominal constellation) and 28 satellites.  A second set of results 
was obtained using the same original data for a degraded GPS constellation with 23 out 
of 24 satellites.  Finally a map showing Localizer Precision with Vertical guidance (LPV) 
availability was generated for the 24 satellite case.   



For all RNP results, the availability (probability of service) of any user location is 
indicated via the colour of the pixel corresponding to the location of that user.  The 
colour scale is as shown below (1.0 indicates that service was available on all simulated 
epochs, i.e., no service outage obtained during the simulation). 



 



0            0.9          0.99        0.999      0.9999     0.99999       1.0



 



Figure 1: Service Availability Scale 



 



LPV results use a different colour scale, which is provided with the figure showing LPV 
availability results. 
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3.3.1 Service Availability Performance with a 24-Satellite Nominal GPS 
Constellation 



Figure 2 shows the service availability results obtained with a 24-satellite nominal GPS 
constellation.  The results apply to single-frequency GPS/RAIM and SBAS users.  The 
improvement is the most pronounced for the tighter performance requirements, as they 
are more sensitive to the geometry of GPS satellites.  Over South America, the 
performance is enhanced by SBAS message type 28 and the ranging signals provided by 
the WAAS satellites (the EGNOS ranging function is currently not operational).  
Message type 28 provides a more precise characterization of the potential spatial 
decorrelation of error as observed by the ground network to positions outside the contour 
of the ground network. 
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Figure 2: Service Availability Performance with a 24-Satellite Nominal GPS Constellation 
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3.3.2 Service Availability Performance with a 28-Satellite Extended GPS 
Constellation 



Figure 3 shows the service availability results obtained with a 28-satellite extended GPS 
constellation.  As with the standard 24-satellite constellation, the SBAS improvement is 
most significant for the tighter performance requirements.  Due to the additional GPS 
satellites, the improvement is smaller than shown in Figure 2. 
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Figure 3: Service Availability Performance with a 28-Satellite Extended GPS Constellation 
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3.3.3 Service Availability Performance with a Degraded 24-Satellite GPS 
Constellation 



Figure 4 shows the service availability results obtained with a degraded 24-satellite GPS 
constellation with only 23 satellites operating.  The results below show the average 
availability computed over all 24 cases of one satellite out of 24 being unusable.  Similar 
results would be achieved when there are more than 24 operational GPS satellites, and a 
single satellite is out of service without a spare satellite in the same slot.  As shown in the 
figure, a single satellite out of service can significantly reduce the availability for GPS 
equipment but has little effect on SBAS equipment.  The WAAS ranging signal can be 
clearly seen, as it provides another ranging source within the entire footprint.  The SBAS 
message type 28 also contributes to the improved performance in South America. 











 



15           19 July 2010 



G
PS



/R
AI



M
 U



E 
(S



A 
O



FF
 d



es
ig



n)



SB
AS



 U
E



RNP0.15 (HAL = 0.15 nm) - Average 23 out of 24 Satellites



RNP 0.3 (HAL = 0.3 nm) - Average 23 out of 24 Satellites 



RNP 1.0 (HAL = 1.0 nm) - Average 23 out of 24 Satellites 



RNP 0.5 (HAL = 0.5 nm) - Average 23 out of 24 Satellites



 



Figure 4: Service Availability with a Degraded GPS Constellation (23 out of 24 Satellites) 
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3.3.4 LPV Service Availability Performance with a 24-Satellite GPS Constellation 



Figure 5 shows the LPV service availability results obtained with a nominal 24-satellite 
GPS constellation.  The results apply to single-frequency SBAS users only, as 
GPS/RAIM UE cannot achieve this performance.  The availability of LPV service is 
constrained by HAL of 40 m and, in addition, a Vertical Alert Limit (VAL) of 50 m.  
This performance enables an aircraft to fly a precise path to a runway, while remaining in 
clouds down to 250 feet above the runway.  Before this capability was provided by 
SBAS, dedicated systems had to be installed at each individual runway end in order to 
support this type of approach.  SBAS also provides vertically guided approach 
procedures with a Decision Height as low as 200 ft above runway threshold using a VAL 
of 35 m.  The EGNOS service area is currently constrained by message type 27 definition 
of service area.  EGNOS removal of this constraint is currently under assessment. 



 



 



 



 



 



Figure 5: LPV Service Availability (SBAS UE – 24 Satellite Nominal GPS Constellation) 



 



4 CONCLUSIONS  



As the above results show, the availability obtained with SBAS UE is always better than 
that obtained with GPS/RAIM.  The difference between the availability obtained with 
GPS/RAIM UE and SBAS UE is greatest for services associated with a smaller HAL, 
and when the GPS constellation is degraded. 



Comparing the results in Sections 4.1 and 4.2 demonstrates that the addition of 4 
satellites to a 24-satellite constellation does not necessarily results in a significant 
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improvement in service availability.  This result, which may seem counter-intuitive at 
first, follows from the fact that the locations of the satellites in the nominal 24-satellite 
constellation are optimized, while the locations of the additional satellites in the extended 
28-satellite constellation are not.  Adding a few satellites in non-primary orbital slots 
provides an effective mitigation technique for some satellite failures, but this does not 
necessarily result in a greatly improved PNT service.  In fact, it is quite possible to obtain 
poorer service from a constellation with several additional satellites in non-primary 
orbital slots if some of the primary orbital slots do not have a satellite transmitting a 
usable signal.  This situation has been observed many times when satellites in primary 
orbital slots are declared temporarily unusable for maintenance action or to adjust their 
orbits, for example.  In those circumstances, the resulting performance is similar to that 
shown in Figure 4. 



Comparing the results in Sections 4.1 and 4.3 demonstrates the fairly significant impact 
that satellite outages can have on service availability.  The service availability reduction 
would be even greater if the number of unusable (or failed) satellites in the constellation 
was greater than one.  The degradation in SBAS services resulting from satellite outages 
is noticeably less than the corresponding degradation in GPS/RAIM service.  The results 
would be even further accentuated in case multiple satellite failures are taken into 
account.  It should also be noted that the provision of a GEO ranging function efficiently 
improves the service available throughout the GEO broadcast area. 



Finally, the results also illustrate the improvement throughout the geostationary coverage 
of providing another ranging signal and more precise characterization of spatial 
degradation (through message type 28).   These improvements are currently available 
from WAAS, and cause the differences shown in coverage between South America and 
Africa. 



This paper concludes the first stage of the EU-US WG-C on next generation of civil 
satellite-based navigation and timing systems. It highlights the benefits that can be 
expected from the combined deployment of interoperable regional SBAS systems in 
conformance with international standards. WAAS and EGNOS deliver LPV services for 
the civil aviation community in two areas of the world with the highest density of air 
traffic. The US and Europe have cooperated in the development of SBAS for over ten 
years, and have been instrumental to the successful introduction of SBAS solutions at 
international level.  This coordination will continue through the EU-US agreement, 
addressing improvements to SBAS capabilities that could improve and expand services. 
A more detailed work programme is currently under preparation to conduct some tasks. 
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