CS-ACNS Issue 2

Change Information

CS-ACNS ISSUE 2 — CHANGE INFORMATION

EASA publishes issues certification specifications as consolidated documents. These documents are
used for establishing the certification basis for applications made after the date of entry into force of
the amendment.

Consequently, except for a note ‘[Issue: CS-ACNS/2]’ under the amended paragraph, the consolidated
text of CS-ACNS does not allow readers to see the detailed changes introduced by the new
amendment. To allow readers to also see these detailed changes, this document has been created.
The same format as for the publication of Notices of Proposed Amendments (NPAs) has been used to
show the changes:

— deleted text is struek-through;
— new or amended text is highlighted in grey;
— anellipsis ‘[...]" indicates that the rest of the text is unchanged.

The amendments proposed to CS-ACNS Issue 1 are described on the following pages. It should be
noted that the contents of Book 1 and Book 2 have been combined (compact format) to facilitate the
reading of the proposed amendments; thus, each CS is followed by its corresponding AMC and GM.

The following is a list of provisions affected by the proposed amendments:

CS ACNS.A.GEN.001 Applicability Amended
CS ACNS.A.GEN.005 Definitions Amended
CS ACNS.A.GEN.015 Aircraft documentation New
AMC1 ACNS.A.GEN.015(a) Aircraft documentation New

CS ACNS.A.GEN.020 Deviation from equipment standard New

CS ACNS.B.V(CS.020 Performance Requirements Amended
CS ACNS.B.VCS.030 Continuity Amended
GM1 ACNS.B.VCS.030 Continuity New

CS ACNS.C.PBN.XXXX Subpart C — Navigation (NAV) New
AMC/GM ACNS.C.PBN.XXXX Subpart C — Navigation (NAV) New
AMC1 ACNS.E.TAWS.035 Aural and visual alerts Amended
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Subpart A — General

CS ACNS.A.GEN.001 Applicability

These certification specifications are intended to be applicable to aircraft for the purpose of complying with
the communications, navigation and surveillance carriage requirements.

Compliance with the relevant sections of CS-ACNS ensures compliance with the following European
regulations:

(a) Commission Regulation (EU) No 965/2012 of 5 October 2012 laying down technical requirements and
administrative procedures related to air operations pursuant to Regulation (EC) No 216/2008 of the
European Parliament and of the Council;

(b) Commission Implementing Regulation (EU) No 1207/2011; of 22 November 2011 laying down
requirements for the performance and the interoperability for surveillance for the single European sky;
and

(c) Commission Implementing Regulation (EU) No 1206/2011; of 22 November 2011 laying down
requirements on aircraft identification for surveillance for the single European sky;

(d) Commission Regulation (EC) No 29/2009 of 16 January 2009 laying down requirements on data link
services for the singleSingle European skySky; and

(e) Commission Implementing Regulation (EU) No 1079/2012 of 16 November 2012 laying down
requirements for voice channels spacing for the singleSingle European skySky.
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CS ACNS.A.GEN.005 Definitions

This pointseetion contains the definitions of terms used in these-Certification-Specificationsand-not-defined
-CS-definitions: CS-ACNS:

Accuracy is, in the context of PBN operations, the degree of conformance between the estimated, measured
or desired position and/or the velocity of a platform at a given time, and its true position or velocity.

ADS-B means refers to automatic dependent surveillance - broadcast, a surveillance technique in which
aircraft automatically provide, via a data link, data derived from on-board navigation and position-fixing
systems. It refers to a surveillance technology where ADS-B Out equipped aircraft broadcast position,
altitude, velocity, and other information in support of both air-to-ground and air-to-air surveillance
applications.

ADS-B Ddevice Ffailure refers to a condition announced to the flight crew whereby the ADS-B transmit unit
is unable to transmit ADS-B messages.

ADS-B Efunction Efailure refers to a condition announced to the flight crew whereby the position source(s)
or interconnecting avionics fail to provide horizontal position data to the ADS-B transmit unit.

ADS-B Out system refers to the overall set of avionics that generate, transport, process, and transmit ADS-B
data.

ADS-B Ftransmit Yunit refers to that part of the ADS-B Out system that resides within the transponder and
transmits 1090 MHz ES ADS-B data, including the data processing within that system.

Advisory Aalerts means refers to the level or category of alert for conditions that require flight crew
awareness and may require subsequent flight crew response.

Advisory vertical navigation (‘Advisory VNAV’) is an area navigation system function guiding the aircraft on
a vertical path calculated by the area navigation system on an approach procedure that has been designed
as a 2D procedure.

Aircraft Identification means is an alphanumeric chain that contains information allowing operational
identification of individual flights. It contains either the Aircraft Identification as registered in item 7 of the
flight plan or the aircraft registration if no flight plan has been filed.

Airship means is a power-driven lighter-than-air aircraft.

Alert means is a generic term used to describe a flight deck indication meant to attract the attention of and
identify to the flight crew a non-normal operational or aeroplane system condition. Alerts are classified at
levels or categories corresponding to Warning, Caution, and Advisory. Alert indications also include non-
normal range markings (for example, exceedances on instruments and gauges).

Altimetry Ssystem Eerror (ASE) refers to the difference between the altitude indicated by the altimeter
display, assuming a correct altimeter barometric setting, and the pressure altitude corresponding to the
undisturbed ambient pressure.

Area navigation (RNAV) is a method of navigation which permits aircraft operation on any desired flight path
within the coverage of ground or space-based navigation aids or within the limits of the capability of self-
contained aids, or a combination of these.

Aircraft-based augmentation system (ABAS) is an augmentation system that augments and/or integrates
the information obtained from the GNSS core constellation elements with other information available on
board the aircraft.
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ATN B1 mean refers to Aeronautical Telecommunication Network Build 1.

ATS communications management service (ACM) means is a service that provides automated assistance to
flight crews and air traffic controllers for conducting the transfer of ATC communications (voice and data).

ATS Cclearance and linformation service (ACL) means is a service that provides flight crews and controllers
with the ability to conduct operational exchanges.

ATS microphone check service (AMC) means is a service that provides air traffic controllers with the
capability to send an instruction to one or several data link equipped aircraft, at the same time, in order to
instruct flight crew(s) to verify that his/their voice communication equipment is not blocking a given voice
channel.

Aural Aalert means is a discrete sound, tone, or verbal statement used to annunciate a condition, situation,
or event.

Automatic Aaltitude €control Ssystem means is any system that is designed to automatically control the
aircraft to a referenced pressure altitude.

Barometric Aaltitude Rrate means refers to the rate of climb estimated by using the difference of pressure.

Barometric Ppressure Ssetting means is the barometric pressure setting used by the pilot when flying the
aircraft.

Comm-B:=-A refers to a 112-bit Mode S reply containing a 56-bit MB message field containing the extracted
transponder register.

Caution means refers to the level or category of alert for conditions that require immediate flight crew
awareness and a less urgent subsequent flight crew response than a warning alert.

Continuity of function refers, in the context of PBN operations, to the capability of the system to perform its
intended function without unscheduled interruptions.

Continuity (system continuity) is the probability that a system will perform its required function without
unscheduled interruption, assuming that the system is available at the initiation of the intended operation.

Controlled Fflight linto Fterrain (CFIT) seans is an accident or incident in which an aircraft, under the full
control of the pilot, is flown into terrain, obstacles, or water.

CPDLC is the ICAO standardised procedure for Controller-Pilot Data Link Communications. CPDLC takes the
form of an application, present on both aircraft and ground-based ATC centres that provides support for the
Data Link Communications Initiation Capability (DLIC), ATS communications management service (ACM), ATS
Clearance and Information service (ACL) and ATS microphone check service (AMC).

Data Llink is a communication technology where ‘Data link’ equipped aircraft communicate with ‘Data link’
capable ground units to exchange digital information (bi-directional exchange).

Data Llink Ecommunications linitiation cCapability (DLIC) sreans is a service that enables the exchange of
the necessary information for the establishment of data link communications between the ground and
aircraft data link systems.

Data Qquality lindicator refers to integrity and/or accuracy quality metrics that are associated with some of
the ADS-B Out surveillance data, in particular with the horizontal position.

Defined path is the output of the path definition function of the RNP System.

Desired path is the path that the flight crew and air traffic control can expect the aircraft to fly, given a
particular route leg or transition.
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Distance-measuring equipment (DME) refers to a ground—airborne positioning system based on
interrogations from an airborne interrogator and replies from a ground-based transponder, that allows the
aircraft to measure its slant range from the position of the ground-based DME transponder.

Downlink is a transfer of information, generated by an aircraft (not necessarily airborne) and sent to the
ground for further processing by an ATC Centre.

Emergency indicators sean refers to specific Mode A Code values: 7500 unlawful interference, 7600 radio
failure, 7700 general emergency.

Failure condition terms are defined in AMC 25.1309, FAA AC 23.1309-1( ), AC 27-1B or AC 29-2C.
FANS 1/A means refers to Future Air Navigation System 1 or Future Air Navigation System A;.

False Aalert means is an incorrect or spurious alert caused by a failure of the alerting system including the
sensor

Field of view refers to either the optimum or maximum vertical and horizontal visual fields from the design
eye reference point that can be accommodated with eye rotation only, as described in the figure below.
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Flight plan is, in the context of PBN operations, a set of route segments and flight procedures defined and
activated by the flight crew in the RNP system, relative to an intended flight or portion of a flight of an aircraft.

FMS Sselected Aaltitude:Fhe refers to the level altitude used by the FMS to manage the vertical profile of
the aircraft.

Forward Looking Fterrain Aavoidance (FLTA) tlooks ahead of the aeroplane along and below the
aeroplane’s lateral and vertical flight path and provides suitable alerts if a potential CFIT exists.
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Global Nnavigation Ssatellite Ssystem (GNSS)—A refers to a worldwide position and time determination
system that includes one or more satellite constellations, aircraft receivers and system integrity monitoring.

Ground-linitiated Comm-B means refers to a protocol which allows the interrogator to extract Comm-B
replies containing data from a defined source.

Ground speed—Fhe is the speed of an aircraft relative to the surface, or relative to a horizontal plane at
present position.

Group Aaircraft is a group of aircraft with similar altitude keeping equipment configurations and
performance characteristics that are combined together for the purposes of statistical generic performance
evaluation.

Hazard means refers to a state or set of conditions that together with other conditions in the environment
can lead to an accident.

Holding is a predetermined manoeuvre which keeps an aircraft within a specified airspace.
Horizontal Mvelocity refers to the ground speed vector information.

ICAO 24-bit aircraft address is a technical address used by Mode S protocols to identify the transponder on
the 1030/1090 MHz RF network. Each aircraft uses a unique 24-bit aircraft address allocated by their state of
registry. This address may also be used by other types of avionics equipment for other purpose.

Inertial navigation system/inertial reference unit (INS/IRU) is an aircraft position sensor relying on
accelerometers and gyroscopes to estimate position, direction and velocity.

Inertial Mvertical Mvelocity means is the rate of climb measure along the axis estimated using different
sources including inertial reference.

Instrument landing system (ILS) is a system using ground-based transmitters and airborne receivers to
provide lateral (‘localiser’) and vertical (‘glide slope’) guidance to the runway.

Integrity (system integrity) is measured as the probability per operating hour of an undetected failure of a
functional element that results in corrupted (erroneous) data, or a failure in the processing as specified,
leading to the (partial) loss of otherwise available data.

Lateral navigation (LNAV) refers to area navigation in the horizontal plane.

Magnetic Heading means is the angle between the aircraft centreline and magnetic North (angle between
the direction to which the aircraft nose is pointing and the magnetic North).

MCP/FCU Selected Altitude means is the level selected by the flight crew on the MCP or FCU of the aircraft.
This altitude constitutes the level-off target input to the auto-pilot.

Mean sea level (MSL) is a reference for measuring and specifying altitudes in aeronautical information.

Mode S Eelementary Ssurveillance refers to the use of Mode S surveillance data to downlink aircraft
information from airborne installations.

Mode S Eenhanced Ssurveillance refers to the use of other airborne information in addition to data used for
Elementary Surveillance.

Navigation aid refers to a space- or ground-based facility that transmits signals that the aircraft’s navigation
system may use to determine its position or its bearing.

Navigation functionality is the detailed capability of the navigation system required to meet the needs of
the proposed operations in the airspace.

Navigation specification is a set of aircraft and aircrew requirements needed to support performance-based
navigation operations within a defined airspace.
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Non-group aircraft refers to an aircraft that is not a group aircraft but which is submitted for airworthiness
approval on the characteristics of the unique airframe

Nuisance Aalert means is an alert generated by a system that is functioning as designed but which is
inappropriate or unnecessary for the particular condition.

Performance-based navigation (PBN) is area navigation based on performance requirements for aircraft
operating along an ATS route, on an instrument approach procedure or in designated airspace.

Qualitative Pprobability terms are defined in AMC 25.1309, FAA AC 23.1309-1( ), AC 27-1B or AC 29-2C.

Required Oobstacle Cclearance (ROC) means refers to the required vertical clearance expressed in ft
between an aircraft and an obstruction.

Required Terrain Clearance (RTC) A is a Fterrain Aawareness and Wwarning Ssystem (TAWS) FLTA mode that
alerts when the aeroplane is above the terrain in the aeroplane’s projected flight path, but the projected
amount of terrain clearance is considered unsafe for the particular phase of flight.

RNAV (X) specification refers to a navigation specification based on area navigation that does not include
the requirement for on-board performance monitoring and alerting, designated by the prefix RNAV, where
‘X’ refers to the lateral navigation accuracy in nautical miles.

RNP (X) specification refers to a navigation specification based on area navigation that includes the
requirement for on-board performance monitoring and alerting, designated by the prefix RNP, where ‘X’
refers to the lateral navigation accuracy in nautical miles or the operation type.

RNP system is a system that supports area navigation operations by integrating information from one or
more positioning sensors and providing flight crew with the means to define a desired flight path.

Roll Aangle means is the angle of wings compared to horizon representing the angle of rotation around the
roll axis going along the centreline of the aircraft.

RVSM Eflight Eenvelope may be considered to be in two parts; the basic RVSM flight envelope and the full
RVSM flight envelope. The basic envelope includes those ranges of Mach numbers and gross weights at which
the aircraft can most frequently be expected to operate at RVSM levels (i.e. FL 290 to FL 410 (or maximum
attainable altitude)). The full envelope refers to the entire range of Mach numbers, gross weights and altitude
values that the aircraft can be operated in RVSM airspace.

RVSM operational flight envelope is the Mach number, W/ §, and altitude ranges over which an aircraft can
be operated in cruising flight within the RVSM airspace.

Satellite-based augmentation system (SBAS) is a wide coverage augmentation system which monitors the
GNSS core constellation(s) and provides the user with augmentation information through a satellite-based
transmitter.

Search Mvolume means is a volume of airspace around the aeroplane’s current and projected path that is
used to define a TAWS alert condition.

Static Ssource Eerror (SSE) is the difference between the pressure sensed by the static system at the static
port and the undisturbed ambient pressure.

Static Ssource Eerror €correction (SSEC) is the correction for the residual static error to ensure compliance
with performance requirements.

Terrain Ccell means is a grid of terrain provided by the TAWS database which identifies the highest terrain
elevation within a defined geographical area. Terrain cell dimensions and resolution can vary depending on
the needs of the TAWS system and availability of data. If a supplier desires, obstacle height can be included
in the terrain elevation.
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Track is the projection on the earth’s surface of the path of an aircraft, the direction of which is usually
expressed in degrees from north (true, magnetic or grid).

Track Aangle Rrate means is the rate of change of the track angle.
Transmit refers to the provision of surveillance data by the transponder.

Transponder means is a device that transmits airborne surveillance data spontaneously or when requested.
The transmissions are performed on 1090 MHz RF band and the interrogations are received on 1030 MHz RF
band using SSR/Mode S protocols. It is also named Secondary Surveillance Radar transponder.

Frack-Angle Rate means-the rate-of change of the trackangle:
T it rof I sion-of ” lota byt lor.

Transponder level means is an indication of which Mode S data-link protocols are supported by a
transponder. There are 5 transponder levels defined by ICAO.

Transponder register means is a transponder data buffer containing different pieces of information. It has
56 bits which are split in different fields. The definition of the transponder registers can be found in ICAO Doc
9871 edition 2 and in transponder MOPS ED-73E with the ICAO document being the reference document in
case of conflict. Transponder registers are numbered in hexadecimal (00hex to FFhex). The register number
is also known as the BDS code (Comm-B data selector). In this documentation a register is named: register
XY16 or register addressed by BDS code X,Y. Outside this document, it is also often referenced as just BDS
X,Y.

True Ftrack aAngle means is the angle between the track (course over ground or path) of the aircraft and
true north.

Uplink is a transfer of information, issued from any ground-based entity (typically: the ATC Centre under
which the aircraft is under responsibility) to an aircraft (not necessarily airborne).

Vertical navigation (VNAV) refers to a method of navigation based on a computed vertical path.

VHF omnidirectional range (VOR) is a ground—airborne positioning system based on signals in space
transmitted by the VOR ground station to the aircraft VOR receiver to measure its angular position from the
ground station.

Warning means refers to the level or category of alert for conditions that require immediate flight crew
awareness and immediate flight crew response.

Worst case avionics means is a combination of tolerance values, specified by the aircraft constructor for the
altimetry fit into the aircraft, which gives the largest combined absolute value for residual SSE plus avionics
errors.

[..]
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CS ACNS.A.GEN.015 Aircraft documentation

(a)  The aircraft flight manual (AFM), or similar documentation approved by EASA, provides the list of
aircraft capabilities for which the aircraft is certified in accordance with this CS.

(b)  If there are deviations from this CS which result in limitation(s), they are to be clearly stated in the AFM
or similar documentation approved by EASA.
AMC1 ACNS.A.GEN.015(a) Aircraft documentation

An acceptable means of compliance in the case of aircraft PBN capabilities is to specify in the documentation
which of the following navigation specifications and functionalities the aircraft is certified for:

(a) RNAV 10,

(b)  RNAVS5,
(c) RNAV2,
(d) RNAV1,
(e) RNP4,
(f)  RNP2,
(8) RNP1,
(h) RNPO.3,
(i)  A-RNP,

(j) RNP APCH,

(k)  RNP AR (for approach and/or departures),

(N RF (specify the associated navigation specifications),
(m) FRT,

(n) parallel offset.

CS ACNS.A.GEN.020 Deviation from equipment standards

Any deviations from the ETSO referenced in this CS and associated AMC are to be evaluated to ensure
compliance with the CS requirements.
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Subpart B — Communications (COM)

SECTION 1 — VOICE CHANNEL SPACING (VCS)
[...]
CS ACNS.B.V(CS.020 Performance Requirements
The voice communication systems conforms to the performance requirements of the following sections of
ICAO Annex 10, Volume lll, Part 2 (Second Edition — July 2007 incorporating Amendment No 8590) Chapter
2 ‘Aeronautical Mobile Service’:
(a)  Section 2.1 ‘Air-ground VHF communication system characteristics’.
(b)  Section 2.2 ‘System characteristics of the ground installations’ efHCAQ.

(c)  Section 2.3.1 ‘Transmitting function’.

(d)  Section 2.3.2 ‘Receiving function’ excluding sub-section 2.3.2.8 ‘VDL — Interference Immunity
Performance’.

[...]

CS ACNS.B.VCS.030 Continuity

(See AMC1 ACNS.B.VCS.030 and GM1 ACNS.B.VCS.030)

The voice communication system, including radio, controls, and antenna(s), is designed to provide a level of
continuity that supports the intended operation.

AMC1 ACNS.B.VCS.030 Continuity

For aircraft that are foreseen to be operated within airspace where continuous air-ground voice
communications is required, the continuity of the voice communication system is designed to an allowable
qualitative probability of ‘remote’, except for

(a) Class I aircraft, as defined in FAA AC 23-1309-1E, certified to a CS-23 amendment prior to 5, and;

(b) aircraft with type code 1SRXXXXX or 2SRXXXXX as defined in ASTM International Standards
F3061/F3061M — 17 and certified to CS-23 Amendment 5 or subsequent amendments

where the continuity of the voice communication system may be designed to an allowable qualitative
probability of ‘probable’.

GM1 ACNS.B.VCS.030 Continuity

Information about European Union requirements for continuous air-ground communications is provided in
Commission Implementing Regulation (EU) No 923/2012 of 26 September 2012 laying down the common
rules of the air and operational provisions regarding services and procedures in air navigation. Specific
requirements for the operation of radio equipment may be found in the respective States’ aeronautical
information publications (AIPs).
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Aircraft type codes are defined in ASTM International Standards F3061/F3061M — 17, Standard Specification
for Systems and Equipment in Small Aircraft.

[...]
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Subpart C — Navigation (NAV)
SECTION 1 — PERFORMANCE-BASED NAVIGATION (PBN)
Subsection 1 — Applicability — General

CS ACNS.C.PBN.101 Applicability

(See AMC 1 ACNS.C.PBN.101, GM1 ACNS.C.PBN.101 and GM2 ACNS.C.PBN.101)

(a) Table 1 indicates the applicable airworthiness requirements to be met by the airborne RNP system
installation in order to obtain airworthiness approval for the RNP specifications addressed in this CS.

Applicants should select the target PBN specification from the left column and then follow the
respective row to the right.

(b)  Subsection 2 provides also certification criteria for RNAV 10, RNAV 5, RNAV 2 and RNAV 1.
(c)  The RNP 0.3 specification is applicable to helicopters.

Table 1: PBN specifications — Mandatory and optional airworthiness requirements

Subsections | Subsection |Subsection| Subsection5 |Subsection|Subsection |Subsection|Subsection| Subsection
1&2 3 4 . 6 7 8 9 10
VNAV in final

LNAV LNAV in final VNAV approach RNP AR | Advanced- RF FRT Parallel
PBN specification approach RNP offset
RNP 4 Required Optional | Required
RNP 2 Required Optional | Optional
RNP 1 Required Optional Optional
RNP 0.3 Required Optional Optional
RNP APCH Required Required Optional Required Optional
RNP AR Required Required | Required Required Required Required
A-RNP Required Required Optional Required Required | Required | Optional | Required

Subsection 1: General applicability for performance-based lateral navigation
Subsection 2: Generic specifications for performance-based lateral navigation
Subsection 3: Supplementary specifications for lateral navigation in final approach
Subsection 4: Supplementary specifications for vertical navigation

Subsection 5: Supplementary specifications for vertical navigation in final approach

Subsection 5 includes criteria for RNP APCH approaches to LNAV/VNAV minima, either supported by
barometric VNAV or by SBAS VNAV, as well as for RNP APCH approaches to LPV minima, which are
supported by SBAS VNAV only. An applicant may opt to apply for approval of the RNP system to
conduct operations to LNAV/VNAV minima, LPV minima or both.

Subsection 6: Supplementary specifications for RNP authorisation required (AR)

Subsection 6 includes criteria for RNP AR APCH and RNP AR departures. An applicant may opt to only
apply for approval for RNP AR APCH.
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Subsection 7: Supplementary specifications for applications for advanced RNP (A-RNP)
Subsection 8: Supplementary specifications supporting radius to fix (RF)
Subsection 9: Supplementary specifications supporting fixed radius transition (FRT)

Subsection 10: Supplementary specifications supporting parallel offset

AMC1 ACNS.C.PBN.101 Applicability
RNAV certification is granted as follows:

(a)  Aircraft that comply with the requirements of Subsection 2 comply with all the criteria of the RNAV 1,
RNAV 2, and RNAV 5 specifications.

(b)  Aircraft equipped with dual multi-sensor RNP systems which integrate inertial position source(s) that
meet the criteria of Appendix B and which conform to the requirements of Subsection 2 comply with
the criteria of the RNAV 10 specification.

(c) Aircraft that are equipped with dual stand-alone RNP systems with integrated GNSS sensors that
comply with the requirements of Subsection 2, comply with the criteria of the RNAV 10 specification if
the AFM (or equivalent) contains a requirement stating that:

- an approved fault detection and exclusion (FDE) availability-prediction program is used, and;
- the maximum allowable time for which FDE capability is projected to be unavailable is
34 minutes for any one occasion.
GM1 ACNS.C.PBN.101 Applicability

Subpart C of CS-ACNS provides certification criteria for performance-based navigation. EASA has considered
the current and future aircraft equipment and has assumed that most, if not all, aircraft are equipped with
one or more GNSS receivers. Subpart C, therefore, considers GNSS equipped aircraft and focuses on
compliance with RNP navigation specifications. Compliance with Subsection 2, however, also assures
compliance with the RNAV 10, RNAV 5, RNAV 2, and RNAV 1 navigation specifications.

Where the term ‘Required’ is used in Table 1, it refers to compliance with the navigation specification.

It should be noted that for multi-sensor RNP systems, loss of RNP capability does not imply loss of RNAV
capability if an inertial or DME navigation source(s) is(are) still operable.

It should be noted that this Subpart does not address communication and surveillance considerations that
are, in some cases, related to the implementation of a navigation specification (e.g. controller-pilot data link
communications (CPDLC) and automatic dependent surveillance — contract (ADS-C) for RNP 4) within a
particular airspace.

The ICAO PBN Manual (Doc 9613) contains 11 navigation specifications, each of them addressing specific
operations by flight phase:

(a)  RNAV 10, historically referred to as RNP 10, is applied for oceanic and remote continental navigation
operations;

(b)  RNAV 5, RNAV 2 and RNAV 1 are applied for continental en-route and terminal navigation operations;
(c)  RNP 4 and RNP 2 and A-RNP are applied for oceanic and remote continental navigation operations;
(d)  RNP 2 and A-RNP are applied for continental en-route navigation operations;

(e) RNP 1 and A-RNP are applied for terminal navigation operations;

(f)  A-RNP, RNP APCH, and RNP AR APCH are applied for initial, intermediate, final, and missed approach
navigation operations, and may include requirements for vertical navigation (VNAV);
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(g) RNP 0.3 was specifically written to facilitate (low-level) en-route operations with rotorcraft.

Subpart C on performance-based navigation contains basic and supplemental certification criteria. The basic
criteria must always be complied with, regardless of the navigation specification, and ensure compliance with
the navigational requirements of the RNAV 10, RNAV 5, RNAV 2, RNAV 1, RNP 2, RNP 1 and RNP 0.3 criteria.

Some navigation specifications require compliance with supplemental criteria, e.g. compliance with
Subsection 10 for parallel offsets for RNP 4.

The criteria for navigation specifications that include approach, i.e. A-RNP, RNP APCH and RNP AR, are more
specific. Subsection 3 (‘LNAV in final approach’) and Subsection 5 (‘VNAV in final approach’) apply to these
operations. In addition, both RNP AR and A-RNP have their own specific criteria that need to be met, as
described in Subsection 6 for RNP AR and Subsection 7 for A-RNP.

Subsection 4 addresses vertical navigation (VNAV) outside the final approach part of the flight. It contains
criteria for compliance with altitude constraints considered in Commission Implementing Regulation
(EU) 2018/1048.

In addition to the criteria for RNP APCH approaches, Subsection 5 also contains optional requirements for
advisory VNAV, which apply to the final approach segment (FAS) only.

Subsections 8, 9, and 10 contain criteria for specific functions. These functions (radius to fix, fixed radius
transition, and parallel offset) are required for some applications and are optional for some others.

In some instances, the CS requirements deviate from the ICAO navigation specification, for example by
requiring VNAV for RNP APCH. This is based on recent certification experience, the fact that CS-ACNS is a
forward-looking document that is based on the latest ICAO and industry standards, and it is also a
consequence of the way Section 1 has been structured. Where applicants intent to strictly apply the criteria
of the ICAO navigation specification, they are invited to consult EASA (e.g. an applicant applying for RNP APCH
without VNAV down to LNAV minima or LP minima only).

Applicants intending to apply strictly for RNAV navigation specifications predicated on conventional ground
navigation aids, i.e. non-GNSS-based navigation, are also invited to consult EASA.

Example application of Table 1:

Question: An applicant wishes to apply for certification of an aircraft for RNP APCH. Which subsections of
Subpart C should the applicant demonstrate compliance with?

Answer:  Subsections 1 and 2, and the supplemental and the more stringent criteria provided in
Subsections 3 and 5 for lateral and vertical navigation, respectively. The applicant may need to
also demonstrate compliance with Subsection 8, which is optional, as the RF functionality could
be used in the initial and intermediate approach segments, and in the final phase of the missed
approach.

Additionally, Appendix C to Subpart C provides guidance material for the installation of equipment
constituting the aircraft’s RNP system and for testing the aircraft’s RNP system.

GM2 ACNS.C.PBN.101 Applicability

With the publication of CS-ACNS, AMC 20-4A, AMC 20-5, AMC 20-12, AMC 20-26, AMC 20-27A, AMC 20-28,
JAA TGL-10 and CM-AS-002 Issue 2 have become obsolete. This, however, does not invalidate existing
approvals to these references.

Changes to aircraft/systems that were approved to the above AMC-20 references or TGL will be handled as
follows:

= Where the change remains within the original scope of the AMC or TGL, i.e. no new functionality is
added, the applicant may continue to use the criteria of the AMC or TGL as the certification basis for
the change.
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- Where the change is outside the original scope of the AMC or TGL, i.e. a new functionality is added,
the corresponding certification criteria in CS-ACNS are to be applied. Given the differences in the set-up
of the AMC/TGL compared to CS-ACNS, an applicant may, within reason, claim credit for items already
demonstrated to an AMC or TGL that are similar to the requirements in CS-ACNS.

Examples:

1) An aircraft has been approved to perform RNP AR operations to the criteria of AMC 20-26. The
applicant is updating the software of the flight management system, but no additional functionality is
being added. In that case, the criteria of AMC 20-26 continue to be applicable.

2) An aircraft has been approved to conduct RNP APCH operations to LNAV or LNAV/VNAV using
barometric VNAV in accordance with AMC 20-27A. The applicant is replacing the GNSS receiver with
one that can receive differential correction signals from a satellite based augmentation system (SBAS)
and adds the capability to operate on RNP APCH approach procedures to LP or LPV minima. This
capability was not within the original scope of AMC 20-27A. The applicant should, therefore, apply the
criteria of the new CS-ACNS. Credit may be claimed for items already demonstrated as part of the
compliance demonstration to AMC 20-27A, where these may be considered to be reasonably similar
and applicable.

* X
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Subsection 2 — Generic specifications for performance-based lateral navigation
APPLICABILITY

CS ACNS.C.PBN.201 Applicability

Subsection 2 provides the functional and performance criteria that are common to all PBN specifications for
lateral navigation.

SYSTEM QUALIFICATION CRITERIA

CS ACNS.C.PBN.205 RNP system approval

(See AMC1 ACNS.C.PBN.205, AMC2 ACNS.C.PBN.205, GM1 ACNS.C.PBN.205, GM2 ACNS.C.PBN.205 and
GM3 ACNS.C.PBN.205)

All equipment contributing to the area navigation function is approved.

AMC1 ACNS.C.PBN.205 RNP system approval
For all navigation specifications except RNP 0.3,:

(a)  where the RNP system architecture is based on a stand-alone system, the RNP system should be
granted a European Technical Standard Order (ETSO) authorisation against the following ETSO:

(1) ETSO-C146c (operational Class 3).
(2) ETSO-C190 active antenna.

(b)  where the RNP system architecture is based on a flight management system (FMS) receiving input from
various sources of position, the FMS should be granted an ETSO authorisation against ETSO-C115d and,
depending on the type of sources to determine position, these should be granted an ETSO
authorisation against the following ETSO or be compliant with the following standards:

(1)  GNSS position source against ETSO-C196a or ETSO-C145c (operational Class 3);
(2)  GNSS antenna against:
(i) ETSO-C144a passive antenna when an ETSO-C196a GNSS position source is installed, or;

(ii)  ETSO-C190 active antenna when an ETSO-C196a or ETSO-C145c GNSS position source is
installed.

(3) DME/DME horizontal position source based on a DME interrogator that has been granted an
ETSO authorisation against ETSO-2C66b;

(4) barometric altimeter: ETSO-C106 Amendment 1.

(c)  with reference to CS ACNS.A.GEN.020, any deviations from the ETSOs should be evaluated against the
relevant sections of EUROCAE ED-75D Minimum Aviation System Performance Standard (MASPS).

(d)  noting that there is no equipment standard for INS/IRU horizontal position source, this equipment
should comply with the functionality and performance that is detailed in Appendix B.
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AMC2 ACNS.C.PBN.205 RNP system approval

For compliance with the RNP 0.3 navigation specification, the RNP system is supported by an SBAS capable
GNSS position source, i.e. one that has been authorised against ETSO-C145c (operational Class 3) or
ETSO-C146c (operational Class 3).

AMC3 ACNS.C.PBN.205 RNP system approval

Where AMC to Section 1 of Subpart C contain a reference to the criteria of EUROCAE Document ED-75D,
these criteria are considered to be means to comply with the related CSs. Therefore, these criteria may be
applied instead of installing ETSO-authorised equipment.

Where AMC to Section 1 of Subpart C contain a reference to a specific amendment to an ETSO, it indicates
the minimum acceptable standard, so any subsequent amendments are also considered to be acceptable.
GM1 ACNS.C.PBN.205 RNP system approval

Subpart C of CS-ACNS is based on EUROCAE ED-75D (RTCA DO-236C and Change 1), except for RNP AR, and
on the ICAO PBN Manual (Doc 9613).

The AMC to Subpart C requirements encourage the installation of ETSO-authorised equipment, recognising
the fact that many of the EUROCAE ED-75D requirements are covered through compliance with ETSO
requirements. Recognition of ETSO authorisation generally limits the burden on the applicant that
demonstrates compliance with the CS requirements.

GM2 ACNS.C.PBN.205 RNP system approval

ETSO-C145c and ETSO-C146c (operational Class 3) support the following operations:
(a) oceanic/remote en route;

(b)  continental en route;

(c) arrival;

(d)  approach down to LNAV minima;

(e) approach down to LNAV/VNAV minima;

(f)  approach down to LP minima;

(g) approach down to LPV minima; and

(h)  departure;

ETSO-C146c (functional Class D, operational Class 4) only supports approach down to LP and LPV minima and
is, therefore, only recognised as AMC for lateral navigation in final approach (see AMC1 ACNS.C.PBN.305).

The minimum system requirements may also depend on the intended airspace to be flown; hence, carriage
of additional navigation systems could be required.
GM3 ACNS.C.PBN.205 RNP system approval

Integrated GNSS/INS position solutions reduce the rate of degradation after loss of position updating. For
‘tightly coupled’ GNSS/IRUs, RTCA Document DO-229D, Appendix R, and RTCA Document DO-316,
Appendix R, provide additional guidance on ‘tightly coupled’ GNSS/IRUs.

CS ACNS.C.PBN.210 Position source

(See AMC1 ACNS.C.PBN.210)

The RNP system uses GNSS as the primary source of horizontal position.

**x
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AMC1 ACNS.C.PBN.210 Position source

If other horizontal position sources are available, they may be used to complement the GNSS-computed
position, provided that the output position continues to meet the required performance.

If the position is no longer available from a GNSS position source and if additional sources are available, the
system should revert to the best available source (e.g. the source that can provide the best computed
position in terms of accuracy and integrity).

Installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the requirement.

[Reference: ED-75D § 3.7.3.1.2]

FUNCTIONAL CRITERIA
RNP system

CS ACNS.C.PBN.215 Position estimation

(See AMC1 ACNS.C.PBN.215 and GM1 ACNS.C.PBN.215)
The RNP system continuously estimates:

(a) the present lateral position of the aircraft; and

(b)  the accuracy and integrity of the lateral position, when supported by the navigation sensors.

AMC1 ACNS.C.PBN.215 Position estimation

Installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c (operational
Class 3) satisfies the requirement.

[Reference: ED-75D § 3.1.1.1]

GM1 ACNS.C.PBN.215 Position estimation

The estimated lateral position accuracy is a measure that is based on a defined scale, in nautical miles, which
conveys the current position estimation performance. The lateral position accuracy can be related to the
required navigation performance (RNP) value.

CS ACNS.C.PBN.220 Navigation source selection and reversion

(See AMC1 ACNS.C.PBN.220)

When a multi-sensor RNP system is installed, it has the capability to automatically, or manually, select the
best available navigation source(s).

AMC1 ACNS.C.PBN.220 Navigation source selection and reversion

Installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the requirement.

[Reference: ED-75D § 3.7.3.1]

CS ACNS.C.PBN.225 Reasonableness check of distance-measuring equipment (DME)
(See AMC1 ACNS.C.PBN.225)

When the RNP system uses DME, it has the capability to perform a reasonableness check of the radio
navigation data.

*
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AMC1 ACNS.C.PBN.225 Reasonableness check of distance-measuring equipment (DME)
Installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the requirement.

[Reference: ED-75D § 3.7.3.1.1]

CS ACNS.C.PBN.230 Flight plan management
(See AMC1 ACNS.C.PBN.230)
The RNP system provides flight crew with the capability to create, review, modify and activate a flight plan.
Activation of any new flight plan or modification of an existing flight plan requires a positive action by the
flight crew. Guidance output is not affected until the flight plan or its modification is activated. Once the
plight plan is activated, the RNP system has the capacity to execute it.
AMC1 ACNS.C.PBN.230 Flight plan management
(a)  The RNP system should be capable of displaying:

(1) the along-track distance between any flight plan waypoints;

(2) the distance to go to any waypoint selected by the flight crew; and

(3) the actual waypoint and the data that defines it.

(b) The RNP system should enable modification of any flight plan, or flight plan segment, including
procedures that were loaded from the on-board navigation database. However, FAS data blocks
protected by a cyclic redundancy check (CRC) code can never be modified.

(c)  The RNP system should allow the creation and insertion of pilot-defined fixes and related data.

Installation of equipment with an ETSO authorisation against ETSO-C115d is considered to meet the criteria
of (b), and (c). It also supports item (a); however, the applicant should ensure the flight deck interface
complies with this CS.

Installation of equipment with an ETSO authorisation against ETSO-C146c (operational Class 3) is considered
to meet the criteria of (a) through (d).

[Reference: ED-75D § 3.7.2.1.1.1]

CS ACNS.C.PBN.235 Automatic leg sequencing

(See AMC1 ACNS.C.PBN.235)

The RNP system has the capability to automatically sequence legs and display the sequencing to the flight
crew in a readily visible manner.

AMC1 ACNS.C.PBN.235 Automatic leg sequencing

Installation of equipment with an ETSO authorisation against ETSO-C115d and ETSO-C146c satisfies the
requirement.

[Reference: ED-75D § 3.7.2.1.4]

CS ACNS.C.PBN.240 Route/procedure extraction and loading
(See AMC1 ACNS.C.PBN.240)
The RNP system has the capability to extract routes/procedures from the on-board navigation database in

their entirety, including all their characteristics, and to load them into the RNP system’s flight plan.

AMC1 ACNS.C.PBN.240 Route/procedure extraction and loading
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Installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the requirement.

The installation of equipment with an ETSO authorisation against ETSO-C146c satisfies the CS requirement,
provided that the applicant ensures that speed constraints are extracted from the database.

[Reference: ED-75D § 3.7.2.1.1.1]

CS ACNS.C.PBN.245 Path definition and leg transition
(See AMC1 ACNS.C.PBN.245 and GM1 ACNS.C.PBN.245)
(a) The RNP system allows flight crew to define the flight path for the intended route.

(b)  The RNP system has the capability to execute leg transitions and maintain tracks consistent with the
following path terminators:

(1) direct to fix (DF), track to a fix (TF), initial fix (IF), fix to an altitude (FA), and course to a fix (CF);

(2) heading to an altitude (VA), heading to a manual termination (VM), and heading to an intercept
(V1);

(3) course to an altitude (CA), and from a fix to a manual termination (FM).
(c)  The RNP system has the capability to execute fly-by turns.
(d)  Unless otherwise specified in the on-board navigation database, the RNP system constructs the flight
path between waypoints in the same manner as a TF leg.
AMC1 ACNS.C.PBN.245 Path definition and leg transition
Installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the requirements.
Installation of equipment with an ETSO authorisation against ETSO-C146e satisfies the requirements.

Installation of equipment with an ETSO authorisation against ETSO-C146c satisfies the requirements of (a),
(b)(1), (c) and (d).

Subject to EASA’s agreement, where the RNP system does not support the execution of VA, VM, and VI path
terminators, the applicant may demonstrate that the aircraft and flight systems allow the flight crew to
manually fly the aircraft on a heading to intercept a course or to go direct to another fix after reaching a
procedure-specified altitude. The manual execution of VA, VM and VI terminators should be supported by a
flight crew workload assessment.

Subject to EASA’s agreement, where the RNP system does not support the execution of CA and FM path
terminators, the applicant may demonstrate that the RNP system allows the flight crew to readily designate
a waypoint and select a desired course to or from a designated waypoint. The manual execution of CA and
FM terminators should be supported by a flight crew workload assessment.

[References: ED-75D § 3.2.1.2 and ED-75D § 3.2.5.4]

GM1 ACNS.C.PBN.245 Path definition and leg transition
(a) Theintent of CS ACNS.C.PBN.245(d) is to ensure a smooth transition.

(b)  Path terminators and leg transitions are defined in Aeronautical Radio, Inc. (ARINC) 424 documents,
and their application is described in more detail in EUROCAE ED-75D, and ED-77 (RTCA documents
DO-236C Change 1, and DO-201A).

CS ACNS.C.PBN.250 ‘Direct-to’ function

(See AMC1 ACNS.C.PBN.250)

**x
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The RNP system has the capability to generate and execute a geodesic path to any designated fix, at any time,
without ‘S-turning’ and without undue delay, known as ‘direct-to’ function.
AMC1 ACNS.C.PBN.250 ‘Direct-to’ function

Installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c satisfies the
requirement.

[Reference: ED-75D § 3.2.4.2]

CS ACNS.C.PBN.255 Magnetic variation
(See AMC1 ACNS.C.PBN.255 and Error! Reference source not found.255)

(a) The RNP system has the capability to assign a magnetic variation at any location within the region
where flight operations are conducted using magnetic North as reference.

(b)  For paths defined by a course, the RNP system uses the appropriate magnetic variation value available
in the navigation database.

(c)  The conditions under which the magnetic variation table (MAGVAR table), certified as part of the
aircraft configuration, is updated are included in the aircraft’s instructions for continued airworthiness
(ICA).

AMC1 ACNS.C.PBN.255 Magnetic variation

Installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c satisfies the
requirement of (a) and (b).

[Reference: ED-75D § 3.2.5.2]

CS ACNS.C.PBN.260 RNAV holding
(See AMC1 ACNS.C.PBN.260)

(a) The RNP system has the capability to initiate, maintain and discontinue holding procedures at any point
and at all altitudes. When a holding procedure is initiated, the RNP system:

(1) permits the flight crew to readily select a desired course to the holding waypoint;
(2) retains all subsequent waypoints in the active flight plan in the same sequence; and

(3) permits the flight crew to readily initiate the return to automatic waypoint sequencing at any
time and continue with the existing flight plan.

(b)  The RNP system allows for manual or automatic definition of the holding pattern.

AMC1 ACNS.C.PBN.260 RNAV holding

Installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the requirement, provided
that the equipment meets the criteria defined in RTCA DO-283B § 2.2.1.2.6.

Installation of equipment with an ETSO authorisation against ETSO-C146c satisfies the requirement.

[Reference: ED-75D § 3.7.2.2.3.1]

GM1 ACNS.C.PBN.260 RNAYV holding
The intent of the CS is to require RNAV holding, not RNP holding.

CS ACNS.C.PBN.265 User-defined routes and fixes
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(See AMC1 ACNS.C.PBN.265 and GM1 ACNS.C.PBN.265)
The RNP system provides means for the flight crew to build a user-defined route by:
(a)  entering unique waypoints extracted from the on-board navigation database; and

(b)  manually creating user-defined fixes.

AMC1 ACNS.C.PBN.265 User-defined routes and fixes

Installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c satisfies the
requirement.

[References: ED-75D § 3.7.2.1.2.1 & ED-75D § 3.7.2.1.2.2]

GM1 ACNS.C.PBN.265 User-defined routes and fixes

User-defined fixes are usually defined via the entry of latitude/longitude, place/along-track, place/bearing-
place/bearing, and place/bearing/distance.

CS ACNS.C.PBN.270 Navigation accuracy

(See AMC1 ACNS.C.PBN.270)

(a) The RNP system is capable of acquiring and setting the RNP value for each segment of a route or
procedure.

(b)  When an aircraft flies an RNP route or procedure and the RNP value changes to a lower value, the RNP
system completes the change no later than reaching the leg with the lower RNP value.
AMC1 ACNS.C.PBN.270 Navigation accuracy

(@) The RNP value associated with a leg or segment should be assigned in the following order of
precedence:

(1) flight crew manually entered RNP value for the leg or segment;

(2) the RNP value coded in the on-board navigation database for the current leg or segment, if
implemented;

(3) the RNP value coded in the on-board navigation database for the current area, if implemented;
and last

(4) asystem default RNP value, if provided by the RNP system.

(b) Installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c satisfies the
requirement.

[References: ED-75D § 3.7.2.1.3.1, ED-75D § 3.2.6, ED-75D § 3.2.6.2]

Display of navigation data

CS ACNS.C.PBN.275 Display and entry of navigation data — resolution
(See AMC1 ACNS.C.PBN.275)

The RNP system displays and allows manual entry of navigation data with a resolution that supports the
intended operation.

AMC1 ACNS.C.PBN.275 Display and entry of navigation data — resolution
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Installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c satisfies the
requirement.

[Reference: ED-75D § 3.6.2]

CS ACNS.C.PBN.280 Deviation display
(See AMC1 ACNS.C.PBN.280, AMC2 ACNS.C.PBN.280 and AMC2 ACNS.C.PBN.280)

(a)  For defined paths, the RNP system continuously displays, in each flight crew’s optimum field of view,
the computed path and the deviation from that path.

(b)  The lateral deviation display is automatically slaved to the RNP system’s computed path.

AMC1 ACNS.C.PBN.280 Deviation display

An acceptable means of compliance is to provide a non-numeric deviation display. The full-scale deflection
of the non-numeric lateral deviation display should be:

(a) comparable with the applicable RNP value; and
(b)  made available to the flight crew.

Alternatively, subject to EASA’s agreement, a moving map display with appropriate map scales, and which
provides a sufficiently equivalent functionality to a non-numeric lateral deviation display, may be accepted.
EASA’s agreement will be based on a human factor and workload assessment performed by the applicant.

AMC2 ACNS.C.PBN.280 Deviation display

When used to conduct a departure procedure off the runway, the RNP system should display lateral
deviations not later than when reaching 50 feet above the departure runway. Installation of equipment with
an ETSO authorisation against ETSO-C115d or ETSO-C146c¢ supports this.

[Reference: ED-75D § 3.3.3.1]
AMC3 ACNS.C.PBN.280 Deviation display

Subject to EASA’s agreement, a lateral deviation display not slaved to the RNP system associated with
adequate operational procedures may be accepted for type-certification application against RNP 2, RNP 1 or
RNP APCH. The applicant should provide a human factor and workload assessment in support of the
application.

Note: The alleviation provided above is intended to address particular concerns on small CS-23, Level 1, 2, and 3 aircraft.

CS ACNS.C.PBN.285 Display of active waypoint

(See AMC1 ACNS.C.PBN.285 and AMC1 ACNS.C.PBN.285)

The RNP system displays in the flight crew’s maximum field of view:
(a) the identification of the active (To) waypoint; and

(b) the distance, estimated time of arrival at, or time-to go to, and bearing to the active (To) waypoint.

AMC1 ACNS.C.PBN.285 Display of active waypoint

The installation of equipment with an ETSO authorisation against ETSO-C146c satisfies the CS requirement,
provided that the applicant ensures that both the distance to and the estimated time of arrival at the active
waypoint are available to the flight crew.

AMC2 ACNS.C.PBN.285 Display of active waypoint

*
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Subject to EASA’s agreement, the display of the data on a page on a multifunction control and display unit
(MCDU), readily accessible to the flight crew, may be accepted for type-certification application against RNP 4
or RNP 2. EASA’s agreement will be based on a human factor and workload assessment performed by the
applicant.

CS ACNS.C.PBN.290 Display of ground speed

(See AMC1 ACNS.C.PBN.290)

The RNP system displays the ground speed in the flight crew’s maximum field of view.

AMC1 ACNS.C.PBN.290 Display of ground speed

The installation of equipment in the flight crew’s maximum field of view with an ETSO authorisation against
ETSO-C146c satisfies the requirement.

Installation of equipment with an ETSO authorisation against ETSO-C115d supports the requirement,
provided that the applicant ensures that the flight deck interface complies with this CS.

[Reference: ED-75D § 3.7.5.2.1]

CS ACNS.C.PBN.2105 Display of speed constraints

(See AMC1 ACNS.C.PBN.2105)

The RNP system displays speed constraints to the flight crew in the maximum field of view.
AMC1 ACNS.C.PBN.2105 Display of speed constraints

Subject to EASA’s agreement, a display of speed constraints outside the maximum field of view with adequate
operational procedures may be accepted. The applicant should provide a human factor and workload
assessment in support of the application.

CS ACNS.C.PBN.2110 Display of navigation aid frequencies and/or identifiers

The RNP system has the capability to display the frequencies and/or identifiers of the ground positioning
navigation aids selected on a page which is readily available to the flight crew.

Navigation database

CS ACNS.C.PBN.2115 Use of navigation database

(See Error! Not a valid bookmark self-reference. and [References: ED-75D § 3.8.1, ED -75D § 3.8.2]
GM1 ACNS.C.PBN.2115)

The RNP system uses an on-board navigation database which:

(a) s protected against flight crew modification of the stored data; and

(b)  has a capacity appropriate for the intended operation.

AMC1 ACNS.C.PBN.2115 Use of navigation database

The installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146C satisfies the CS
requirement, provided that the applicant ensures that the database capacity is appropriate for the intended
operation.

[References: ED-75D § 3.8.1, ED -75D § 3.8.2]

GM1 ACNS.C.PBN.2115 Use of navigation database

**x
*
*

* *
* g

European Union Aviation Safety Agency. All rights reserved. ISO 9001 certified.
Proprietary document. Copies are not controlled. Confirm revision status through the EASA intranet/internet. Page 24 of 78

*
*

An agency of the European Union



CS-ACNS Issue 2

Change Information

The storage capacity is consistent with the intended use of the aircraft. For example, the database of a
regional aircraft may contain data for a given region only, whereas the database of a long-range aircraft may
contain worldwide data.

CS ACNS.C.PBN.2120 Data quality requirements (DQRs)

(See AMC1 ACNS.C.PBN.2120)

The applicant ensures that the DQRs associated with the navigation database have been defined and are
compatible with the intended function through formal arrangements that are signed with the corresponding
data services provider(s) (DAT provider).

AMC1 ACNS.C.PBN.2120 Data quality requirements (DQRs)

Since database process assurance levels are normally addressed at equipment design level, the applicant
should verify with the equipment manufacturer that the DQRs have been established and provided to the
navigation database provider(s). Formal arrangements should also ensure that deficiencies and/or errors
detected by the DAT provider can be reported to the applicant, whenever DQRs could be compromised.

Documentation that these data quality requirements are valid at aircraft level must be confirmed during the
airworthiness approval.
CS ACNS.C.PBN.2125 Extraction and display of navigation data
(See AMC1 ACNS.C.PBN.2125 and GM1 ACNS.C.PBN.2125)
The RNP system has the means to:
(a) process the data with the resolution provided by the database; and
(b)  enable flight crew to:
(1) verify the validity period of the on-board navigation database; and

(2) load from the on-board navigation database, by its identifier(s), the procedure(s) to be flown.

AMC1 ACNS.C.PBN.2125 Extraction and display of navigation data

The installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c satisfies the
requirement.

[Reference: ED-75D § 3.8.2]
GM1 ACNS.C.PBN.2125 Extraction and display of navigation data

The intent of CS ACNS.C.PBN.2125 (a) is not to prevent truncating resolution to optimise performance as
long as the truncation is commensurate with the procedure. Rather, the intent is to ensure compatibility
between the database and the RNP system.

Monitoring and alerting

CS ACNS.C.PBN.2130 Alerting associated with degradation of navigation
(See AMC1 ACNS.C.PBN.2130)
When the RNP system is unable to meet the RNP value, the RNP system provides, without undue delay, an

indication in the flight crew’s optimum field of view.

AMC1 ACNS.C.PBN.2130 Alerting associated with degradation of navigation

*
*

* *
* g

% European Union Aviation Safety Agency. All rights reserved. ISO 9001 certified.

*
*

Proprietary document. Copies are not controlled. Confirm revision status through the EASA intranet/internet. Page 25 of 78

An agency of the European Union



CS-ACNS Issue 2

Change Information

The alerting requirement is satisfied by installation of equipment with an ETSO authorisation against ETSO-
C115d or ETSO-C146c, provided that the applicant ensures that the alert is appropriately indicated in the
flight crew’s optimum field of view, and assess any processing delays caused by the aircraft flight deck alerting
system.

Subject to EASA’s agreement, display of the alert in the flight crew’s maximum field of view may be accepted.
The applicant should support the deviation by providing a human factor and workload assessment.

Note: The alleviation provided above is intended to address particular concerns on smaller aircraft, for example,
CS-23, Level 1, 2, and 3 aircraft.

[Reference: ED-75D § 3.7.6]

CS ACNS.C.PBN.2135 Navigation accuracy alerting
(See AMC1 ACNS.C.PBN.2135)

The RNP system provides an annunciation if a manually entered RNP value is greater than the RNP value
associated with the current routes and procedures as defined in the on-board navigation database. Any
subsequent reduction of the latter RNP value reinstates this annunciation.

AMC1 ACNS.C.PBN.2135 Navigation accuracy alerting

Installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the CS criteria, provided
that the applicant ensures that the flight deck interface complies with the CS.

This CS is typically not relevant for equipment with an ETSO authorisation against ETSO-C146c. If this
equipment provides a facility to the flight crew to enter the RNP value, then this alerting mechanism should
be implemented as well.

Note: This functionality is not part of the functionalities specified in RTCA Document DO-229D (MOPS).
[Reference: ED-75D § 3.7.6.1]
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PERFORMANCE CRITERIA
Lateral performance

CS ACNS.C.PBN.2140 Lateral navigation accuracy
(See AMC1 ACNS.C.PBN.2140)

The lateral navigation accuracy provided by the RNP system supports the intended operations.

AMC1 ACNS.C.PBN.2140 Lateral navigation accuracy

Installation of equipment with an ETSO authorisation against ETSO-C115d and ETSO-C146c satisfies the
requirement.

[References ED-75D §1.7.1, §1.7.2 and §2.1.1]

CS ACNS.C.PBN.2145 RNP system design — integrity

(See AMC1 ACNS.C.PBN.2145)

The RNP system, including position sensors, displays, etc., is designed to provide a level of integrity that
supports the intended operation.

AMC1 ACNS.C.PBN.2145 RNP system design — integrity

Guidance on the integrity (provisioning of erroneous output or display of data) of the RNP system related to
lateral position or guidance is provided in Appendix A to Subpart C.

CS ACNS.C.PBN.2150 RNP system design — continuity

(See AMC1 ACNS.C.PBN.2150)

The RNP system, including position sensors, displays, etc., is designed to provide a level of continuity that
supports the intended operation.

AMC1 ACNS.C.PBN.2150 RNP system design — continuity

Guidance on the continuity (loss of the function) of the RNP system to provide lateral position or guidance is
provided in Appendix A to Subpart C.
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Subsection 3 — Supplementary specifications for lateral navigation in final approach

APPLICABILITY

CS ACNS.C.PBN.301 Applicability
(See GM1 ACNS.C.PBN.301)

Subsection 3 provides the supplementary functional and performance criteria that are applicable to the
lateral navigation function for the final approach segment; these criteria are necessary to obtain certification
against the RNP specifications that support approach operations (i.e. A-RNP, RNP APCH and RNP AR APCH).
GM1 ACNS.C.PBN.301 Applicability

The lateral navigation capabilities of RNP systems that are required to support initial, intermediate, and
missed approach segments of an approach procedure are described in Subsection 2.

SUPPLEMENTARY FUNCTIONAL CRITERIA

RNP system

CS ACNS.C.PBN.305 RNP system approval

(See AMC1 ACNS.C.PBN.305)

All equipment contributing to the area navigation function is approved.
AMC 1 ACNS.C.PBN.305 RNP system approval

In addition to the systems referenced in AMC1 ACNS.C.PBN.205, equipment authorised against ETSO-C146¢
functional Class Delta (operational Class 4) supports operations to LP and LPV minima.

CS ACNS.C.PBN.310 Final approach intercept

(See AMC1 ACNS.C.PBN.310 and GM1 ACNS.C.PBN.310)

The RNP system has the capability to intercept the final approach course at or before the final approach fix
or the final approach point.

AMC1 ACNS.C.PBN.310 Final approach intercept

The installation of equipment with an ETSO authorisation against ETSO-C146c Class 3 or 4 and ETSO-C115d
Class A satisfies the requirement.

[Reference: ED-75D § 3.2.8.4]

GM1 ACNS.C.PBN.310 Final approach intercept

The capability to intercept the final approach provides the pilot with the ability to capture the published final
approach segment following a period when the aircraft has been flown manually, or in autopilot/automatic
flight control system heading mode, following ATC vectors to support final approach sequencing.
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Display of navigation data

CS ACNS.C.PBN.320 Approach mode indication
(See GM1 ACNS.C.PBN.320)

The RNP system provides unambiguous indications in the flight crew’s maximum field of view that enables
the flight crew to readily identify:

(a) the type of approach that is being flown and the applicable line of minima; and

(b)  whether the guidance is angular or linear.

GM1 ACNS.C.PBN.320 Approach mode indication

The requirement is intended to avoid confusion with regard to the type of approach procedure that is being
flown and the line of minima applicable to that approach procedure, e.g. down to LNAV/VNAV minima. It is
not required to actually indicate the value associated with the applicable minima.

CS ACNS.C.PBN.325 Lateral deviation display

(See AMC1 ACNS.C.PBN.)

The RNP system continuously displays on a non-numeric lateral deviation display, in each flight crew’s
optimum field of view, the deviation from the computed path.

AMC1 ACNS.C.PBN.325 Lateral deviation display

The deviation indicators on the non-numerical lateral display should appear in a timely fashion to allow the
flight crew to intercept the final approach segment.

CS ACNS.C.PBN.330 Non-numeric lateral deviation display scaling for approach

(See AMC1 ACNS.C.PBN.)

The full-scale deflection of the non-numeric lateral deviation display supports the applicable track-keeping
accuracy that is required for the approach.

AMC1 ACNS.C.PBN.330 Non-numeric lateral deviation display scaling for approach

(a)  When linear lateral deviation is provided, the full-scale deflection of the non-numeric deviation display
should not exceed two times the RNP value.

(b)  When angular lateral deviation is provided:

(1) installation of equipment with an ETSO authorisation against ETSO-C146c¢ operational Class 3 or
4 satisfies the requirement; or

(2)  thefull-scale deflection of the non-numeric deviation display should allow the aircraft to remain
within the two times RNP value of (a) above.
CS ACNS.C.PBN.335 Display of distance to threshold

For approaches to LPV minima, the RNP system continuously displays in the flight crew’s maximum field of
view the distance to the landing threshold point/fictitious threshold point (LTP/FTP) or missed approach point
(MAPt) after passing the final approach fix/final approach point.
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Subsection 4 — Supplementary specifications for vertical navigation

APPLICABILITY

CS ACNS.C.PBN.401 Applicability

(See GM1.ACNS.C.PBN.401)

Subsection 4 provides the supplementary requirements that support the use of vertical navigation outside
the final approach segment.

GM1 ACNS.C.PBN.401 Applicability

(See CS ACNS.C.PBN.401)

The criteria of Subsection 4 are based on the PBN Manual, Volume Il, Attachment A, and are intended to
support the definition of vertical paths in airspace where vertical navigation outside the approach is intended
to be applied in environments with high traffic density, traffic complexity, or terrain features, as for example
those defined in the Commission Implementing Regulation (EU) 2018/1048.
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SUPPLEMENTARY FUNCTIONAL CRITERIA
RNP system

CS ACNS.C.PBN.405 Vertical path

The RNP system has the capability to define a vertical path to a fix.

CS ACNS.C.PBN.410 Altitude constraints

(See AMC1 ACNS.C.PBN.410)

Where barometric altimetry is used as the source for vertical guidance (BARO-VNAV), the RNP system has
the capability to specify a vertical path between altitude constraints at two fixes in the flight plan.
AMC1 ACNS.C.PBN.410 Altitude constraints

The altitude constraints should be defined as follows:

(a) an ‘AT or ABOVEFE’ altitude constraint;

(b)  an ‘AT or BELOW’ altitude constraint;

(c) an ‘AT altitude constraint; or

(d) a‘WINDOW’ altitude constraint.

The installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the requirement.

[Reference: ED-75D § 3.2.8.1]

CS ACNS.C.PBN.420 Pressure settings

(See GM1 ACNS.C.PBN.420)

Where barometric altimetry is used as the source for vertical guidance (BARO-VNAV), the RNP system uses
the same pressure-setting input as the aircraft’s altimetry system.

GM1 ACNS.C.PBN.420 Pressure settings

This requirement is intended to prevent potential flight crew errors due to different altimeter settings in the
aircraft altimeter system and RNP system.
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Subsection 5 — Supplementary specifications for vertical navigation in final approach
APPLICABILITY

CS ACNS.C.PBN.501 Applicability
(See GM1 ACNS.C.PBN.501)

Subsection 5 provides the supplementary functional and performance criteria that are applicable to vertical
navigation function for final approach.

GM1 ACNS.C.PBN.501 Applicability

Subsection 5 sets out the certification specifications for systems that use either a barometric VNAV (BARO-
VNAV) or a GNSS space-based augmented source of vertical position (SBAS-VNAV) on procedures where
vertical guidance is based on a published vertical path to LNAV/VNAV or LPV minima respectively.

The vertical performance of systems that comply with CS ACNS.C.PBN.575 is not adequate to support
RNP AR APCH operations, but the requirements contained in CS ACNS.C.PBN.675 should be applied instead.

SUPPLEMENTARY FUNCTIONAL CRITERIA
RNP system

CS ACNS.C.PBN.505 Vertical approach path
(See GM1 ACNS.C.PBN.5015)
The RNP system has the capability to define a vertical approach path.

AMC 1 ACNS.C.PBN.505 Vertical approach path

The installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c Class 3 or 4
satisfies the requirement.

[Reference: ED-75D § 3.2.8.4.3]

CS ACNS.C.PBN.515 Pressure settings

(See GM1 ACNS.C.PBN.515)

Where barometric VNAV is provided, the RNP system uses the same pressure-setting input as the aircraft’s
altimetry system.

GM1 ACNS.C.PBN.515 Pressure settings

This requirement is intended to prevent potential flight crew errors due to different altimeter settings in the
aircraft altimeter system and RNP system.

CS ACNS.C.PBN.520 Glide path intercept

(See AMC1 ACNS.C.PBN.520)

The RNP system has the capability to automatically intercept the final approach glide path.
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AMC1 ACNS.C.PBN.520 Glide path intercept

The RNP system should allow the glide path to be intercepted at the final approach fix (FAF) using a fly-by
technique with a normal acceleration factor of not less than 0.03 g.

The installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c Class 3 or 4
satisfies the requirement.

[Reference: ED-75D § 3.2.8.5]

CS ACNS.C.PBN.525 Temperature compensation
(See AMC1 ACNS.C.PBN.525)

(a) For operations below the promulgated temperature limits on RNP APCH procedures down to
LNAV/VNAV minima, area navigation systems that provide barometric VNAV apply automatic
temperature compensation along the final approach segment (FAS).

(b) If the automatic temperature compensation is also provided outside the FAS of the procedure, the
function providing automatic temperature compensation is pilot-selectable.

(c)  Systems supporting pilot-selectable automatic temperature compensation, either within or outside of
the FAS, provide a clear and distinct indication when the function is activated.

AMC1 ACNS.C.PBN.525 Temperature compensation

The RNP system providing temperature compensation capability for the vertical path should comply with
EUROCAE ED-75D, Appendix H.2.

The capability to provide automatic temperature compensation is an optional function for ETSO
authorisation against ETSO C115d. Consequently, the applicant should ensure that this function has been
implemented into the RNP system.

Display of navigation data

CS ACNS.C.PBN.530 Vertical deviation display
(See AMC1 ACNS.C.PBN.530 and AMC2 ACNS.C.PBN.530)

The RNP system continuously displays, on the non-numeric vertical deviation display located in the flight
crew’s optimum field of view, the deviation from the defined vertical approach path, including the extended
vertical approach path.

AMC1 ACNS.C.PBN.530 Vertical deviation display

Deviations from the defined path should be displayed in a timely fashion to support the flight crew to
intercept the extended vertical approach path.

AMC2 ACNS.C.PBN.530 Vertical deviation display

Installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c supports the
requirement, provided that the applicant ensures the display characteristics comply with this CS.

[Reference: ED-75D § 3.7.5.1.2.1 and § 3.7.5.1.4]

CS ACNS.C.PBN.535 Resolution and full-scale deflection of the vertical deviation display
(See AMC1 ACNS.C.PBN.535 and GM1 ACNS.C.PBN.535)

The vertical deviation display has a resolution and a full-scale deflection that suitably supports the monitoring
and bounding of the vertical deviation.
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AMC1 ACNS.C.PBN.535 Resolution and full-scale deflection of the vertical deviation display

Installation of equipment with an ETSO authorisation against ETSO-C115d or ETSO-C146c supports the
requirement of the CS, provided that the applicant ensures that the display characteristics comply with the
Cs.

RNP systems that provide fixed vertical scaling should provide a non-numerical vertical deviation display with
a full-scale deflection of + 150 ft. In addition, the display should provide the flight crew with an easy way to
readily identify a path deviation of 75 ft using the vertical deviation display alone, i.e. provide clear markings
at + 75 ft and at — 75 ft.

Note: Subject to EASA’s agreement, the use of a scale of other than + 150ft may be accepted, provided that the scaling
is suitable to control the aircraft on the intended path and the 75-ft deviation can be easily identified by the flight
crew. The applicant should provide a human factor and workload assessment as well as relevant operating
procedures that ensure that the aircraft’s deviation from the path can be monitored and bounded within the
t 75-ft interval, supporting this deviation.

Systems that use angular vertical scaling should meet the following:

(a) The deviation scaling suitably supports the flight technical error (FTE) monitoring and bounding
(75-ft deviation);

(b)  The deviation limits are equivalent to the operational limits for glideslope deviations during an ILS
approach.

In order to meet the primary safety objective of not exceeding an FTE of 75 ft below path to maintain obstacle
clearance, it may be required to put a limitation on the length of the approach that the RNP system is able
to support.

A vertical situation display is not considered to satisfy the requirements.
GM1 ACNS.C.PBN.535 Resolution and full-scale deflection of the vertical deviation display

Vertical deviation displays that rely on the flight crew to assess the deviation based on whether or not the
pointer still touches a marker are not considered acceptable. Neither does EASA consider solutions requiring
the flight crew to verify the vertical deviation on a (multifunction) control display unit ((M)CDU) acceptable.
CS ACNS.C.PBN.540 Barometric altitude

When the approach is supported by barometric VNAV, the aircraft displays the barometric altitude from two
independent altimetry sources:

(a) onein each of the flight crew’s optimum field of view, if the required minimum flight crew is two; or

(b)  one in the flight crew’s optimum field of view and the other visible from the flight crew’s normal
position, if the required minimum flight crew is one.

CS ACNS.C.PBN.545 Active approach mode display

If the RNP system provides both barometric VNAV and SBAS/GNSS VNAV, an unambiguous indication is
provided in the flight crew’s maximum field of view that enables the flight crew to identify the active source
for the VNAV, barometric altitude or SBAS/GNSS geometric altitude.

Monitoring and alerting

CS ACNS.C.PBN.550 Glide path alerting
(See AMC1 ACNS.C.PBN.550)
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For approaches to LPV minima, aircraft equipped with a Class A TAWS provide an alert for excessive deviation
below the glide path.
AMC1 ACNS.C.PBN.550 Glide path alerting

The excessive-deviation-below-the-glide-path alert may be provided by another system other than the
TAWS. If this is the case, the alert should have equivalent effect to the Mode 5 alert provided by a Class A
TAWS system.

Note: Applicants are highly encouraged to install a similar glide path deviation alerting function for systems that
support RNP APCH down to LNAV/VNAV minima.

SUPPLEMENTARY PERFORMANCE CRITERIA
Vertical performance

CS ACNS.C.PBN.555 Vertical accuracy when using barometric VNAV

(See AMC1 ACNS.C.PBN.555)

The accuracy of the vertical position that is provided by the RNP system when providing barometric VNAV
supports the intended operations.

AMC1 ACNS.C.PBN.555 Vertical accuracy when using barometric VNAV

When supporting VNAV, the vertical total system error (TSEz), taking into account all the errors in the aircraft
processing chain of the vertical guidance, should be lower than or equal to the values specified in the table
below.

Altitude bands

Level flight segments &
climb/descent intercept of
clearance altitudes

Flight along specified vertical
descent profile

At or below 5 000 ft MSL 150 ft 160 ft
Above 5 000 to 29 000 ft MSL 200 ft 210 ft
Above 29 000 to 41 000 ft MSL 200 ft 260 ft

Maximum vertical total system error (TSEz)

TSEz should be calculated as the combination of the altimetry system error (ASE), the vertical path steering
error (PSEz), the vertical path definition error (PDEz) and the horizontal coupling error (HCE) — see the figure
below. Vertical navigation accuracy (TSEz) is expected to be achieved for at least 99.7 % of the flight time.
Assuming that these four errors are Gaussian and independent, the distribution of TSE, is also Gaussian with
a standard deviation equal to the root sum square (RSS) of the standard deviations of the ASE, PSEz, PDE,
and HCE.

TSE, = JASEZ + PSE;* + PDE,? + HCE?
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True Position
Detined Path _ ! -1 ASE
. fEstimated Positiop 1
Deswred Path = Y -+

TSE

Vertical errors

(@)  Altimetry system error (ASE)

Altimetry system performance is demonstrated separately from the VNAV certification through the
static pressure system certification process (e.g. CS XX.1325). Altimetry systems that meet such a
requirement satisfy the ASE requirements for VNAV operations. No further demonstration or
compliance is necessary, and the following formula should be used to calculate the ASE (in ft) as a
function of the aircraft altitude H (in ft), representing the maximum value which is expected to be
achieved for at least 99.7 % of the flight time.

ASE = —88x%x 1078 x H2+6.5x 1073 X H + 50
(b)  Vertical path definition error (PDEz)

VNAV path definition error is the error associated to the vertical path computation. It includes path
definition error (PDE) and the approximation made by the VNAV equipment for the vertical path
construction, if any. This is addressed through equipment approval (ETSO).

(c)  Horizontal coupling error (HCE)

HCE (vertical error component of along-track positioning error) is a function of the horizontal NSE and
is directly reflected in the along-track tolerance offset used in BARO-VNAV procedure design criteria.
The HCE should only be taken into account in the final approach segment.

HCE is expected to be achieved for at least 99.7 % of the flight time and, in this context, may be
assumed to be equal to 24 ft on a vertical path of 3 degrees®.

(d)  Vertical path steering error (PSEz)

The vertical path steering performance varies depending on how operations are conducted (manual,
flight director or autopilot). The use of a flight director or autopilot may be required to support the
PSE; requirement in certain conditions. In this case, the RNP system coupling to the flight director
and/or autopilot should be unambiguously displayed in the flight crew’s primary field of view. This
should also be documented in the AFM.

CS ACNS.C.PBN.560 Vertical accuracy when using SBAS/GNSS geometric altitude sources
(See AMC1 ACNS.C.PBN.560 and GM1 ACNS.C.PBN.560)

When supporting approach operations down to LNAV/VNAV or LPV minima using SBAS/GNSS vertical
position source, the accuracy of the RNP system is demonstrated to be suitable for the intended operation.
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AMC1 ACNS.C.PBN.560 Vertical accuracy when using SBAS/GNSS geometric altitude sources

The vertical total system error (TSE;z) is dependent on the navigation system error (NSE), the path definition
error (PDEz) and the flight technical error (FTEz).

(a)  Navigation system error (NSE)

The NSE should be within the accuracy requirements of ICAO Annex 10, Volume 1 to the Chicago
Convention with respect to signal-in-space performance. These NSE requirements are considered to
be fulfilled without any demonstration if the equipment has been granted an ETSO authorisation
against ETSO-C145c, operational Class 3 or ETSO-C146c, operational Class 3 or 4.

(b)  Flight technical error (FTEz)

FTEz is considered to be equivalent to the ILS approach if the angular deviations are displayed to the
flight crew on the existing or comparable display, and the system meets the integration criteria of
paragraph 7(a) of Appendix C to Subpart C of CS-ACNS and the SBAS/GNSS receiver has been granted
an ETSO authorisation against ETSO-C145c, operational Class 3 or ETSO-C146c, operational Class 3 or
4.

For flight guidance systems, the FTE; performance is considered acceptable if it meets the criteria of
paragraph 7(a) of Appendix C to Subpart C of CS-ACNS and the SBAS/GNSS receiver has been granted
an ETSO authorisation against ETSO-C145c, operational Class 3 or ETSO-C146c, operational Class 3 or
4,

(c)  Path definition error (PDE;)

For approaches to LPV minima, there are no performance or demonstration requirements for PDE.
PDE; is considered negligible based on the requirements for the FAS data block generation process.

For approaches to LNAV/VNAV minima, the applicant may assume that the PDE; is negligible, provided
that the RNP system’s internal resolution is equal to or better than the resolution provided for the path
definition.

GM1 ACNS.C.PBN.560 Vertical accuracy when using SBAS/GNSS geometric altitude sources

The lateral and vertical full-scale deflection requirements detailed in RTCA DO-229D, which is the basis for
ETSO-C145c (operational Class 3) and ETSO-C146c¢ (operational Class 3 or 4), ensure an ILS ‘lookalike’
presentation. The deflection may be fully angular with no limitation or angular but bounded at a certain value
(e.g. bounded at + 1 NM laterally and + 150 m vertically).

CS ACNS.C.PBN.565 Transitions

(See AMC1 ACNS.C.PBN.565)

RNP systems that provide both barometric VNAV and SBAS/GNSS VNAV perform smooth transitions from
barometric VNAV to SBAS/GNSS VNAV and vice versa.

AMC 1 ACNS.C.PBN.565 Transitions

Transitions from one source of VNAV to another should not cause discontinuities or transients that have the
potential to destabilise the aircraft on final or missed approach. Aspects to consider when transitioning from
one source to the other include:

(a) temperature errors, particularly if operating outside the allowable BARO-VNAV temperature range;
(b)  MSL versus WGS-84 ellipsoid for path definition;
(c)  curved BARO-VNAV path versus straight SBAS/GNSS path; and
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(d) linear BARO-VNAV guidance versus angular SBAS/GNSS guidance.

CS ACNS.C.PBN.570 Advisory VNAV
(See AMC1 ACNS.C.PBN.570 and AMC1 ACNS.C.PBN.570)

(a)  RNP systems that provide advisory VNAV comply with the criteria of this Subsection for barometric
VNAV or SBAS/GNSS VNAV:

(1)  Advisory VNAV provided within the FAS that is based on barometric altitude meets the intent of
the temperature compensation function defined in CS ACNS.C.PBN.525.

(2)  When Advisory VNAV is provided and the performance criteria of this Subsection for barometric
VNAYV or SBAS/GNSS VNAV cannot be met, a clear and unambiguous indication that the VNAV is
advisory is provided.

(b)  Advisory VNAYV is based on a correct path definition:
(1) Either provided by the State’s AIP; or

(2)  Through an alternative approved process.

AMC1 ACNS.C.PBN.570 Advisory VNAV

Attachment 5 to ARINC 424 provides an acceptable method of origination of the data.

If the data does not originate from an authoritative source, the data should be validated in accordance with
ED-76A, Section 2.4.1, item 6.

GM1 ACNS.C.PBN.570 Advisory VNAV

With reference to (a)(2), the indication should be plain and easy to interpret to avoid confusion. The use of
typographic characters (e.g. ‘+’ or ‘/’) as the only means to distinguish whether the vertical guidance is
advisory or is referenced to a published procedure is not considered adequate.

The use of the function should be documented in AFM, pilot operating handbook (POH) or similar documents
and supplements to these documents and should contain a statement to inform the flight crew that, when
advisory VNAV is provided, the primary barometric altimeter should be used as the primary reference for
compliance with all altitude restrictions that are associated with the instrument approach procedure,
including compliance with step-down fixes.

CS ACNS.C.PBN.575 RNP system design — integrity in final approach

(See AMC1 ACNS.C.PBN.575)

The integrity of the vertical guidance provided by the aircraft’s RNP system supports the intended operations.

AMC1 ACNS.C.PBN.575 RNP system design — integrity in final approach

Guidance on the integrity (provisioning of erroneous output or display of data) by the RNP system related to
vertical position or guidance is provided in Appendix A to Subpart C.

CS ACNS.C.PBN.580 RNP system design — continuity
(See AMC1 ACNS.C.PBN.580)

The continuity of vertical guidance provided by the RNP system supports the intended operation.
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AMC1 ACNS.C.PBN.580 RNP system design — continuity

Guidance on the continuity (loss of the function) of the RNP system to provide vertical position or guidance
is provided in Appendix A to Subpart C.
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Subsection 6 — Supplementary specifications for RNP authorisation required (RNP AR)

APPLICABILITY

CS ACNS.C.PBN.601 Applicability

Subsection 6 provides the supplementary functional and performance criteria that are applicable to obtain
certification for RNP AR APCH. Criteria for RNP AR departures (RNP AR DP) are provided consistently with the
draft ICAO Navigation Specification for RNP AR departures.

The criteria of Subsection 6 only apply to operations on RNP AR procedures designed in accordance with the
requirements of ICAO Doc 9905 ‘Required Navigation Performance Authorization Required (RNP AR)
Procedure Design Manual.

AMC1 ACNS.C.PBN.601 Applicability

Compliance with the criteria of CS-ACNS for RNP AR operations ensure that the probability of the aircraft
exiting the lateral or vertical extent of the obstacle clearance volume of the procedure (i.e. 2 x RNP and —
75 ft.) does not exceed 107 per procedure; in the case of RNP AR APCH, this includes the missed approach.

Applicants who deviate from the criteria in Subsection 6 should demonstrate that they meet the
aforementioned objective.

GM1 ACNS.C.PBN.601 Applicability

Compliance demonstration of aircraft eligibility for RNP AR approval is often a long and very demanding
process. It requires full and unrestricted access to the aircraft’s safety (i.e. the data used to support
compliance with CS XX.1309), aerodynamics and performance data. Furthermore, the applicant should have,
as a minimum, access to a representative simulator for prolonged periods of time. Occasionally, access to
the aircraft for flight testing will be required.

More stringent criteria may apply to aircraft that operate with special or proprietary procedures which are
not designed to conform to ICAO Doc 9905.

Applicants who intend to apply for RNP AR approval are encouraged to contact EASA at the earliest
opportunity to discuss the technical details of the compliance demonstration.

SUPPLEMENTARY SYSTEM QUALIFICATION

CS ACNS.C.PBN.605 System performance demonstration
(See AMC1 ACNS.C.PBN.605 and GM1 ACNS.C.PBN.605)

The performance (including the RF function) of the aircraft’s system is demonstrated under a variety of
operational, meteorological, and failure conditions, commensurate with the intended operation.

Criteria for assessing RNP significant failures under design limit performance conditions are the following:
(a) thelateral excursions observed as a result of probable failures are contained within a 1 x RNP corridor;

(b) the lateral excursions observed as a result of one-engine-inoperative (OEl) are contained within a
1 x RNP corridor;

(c) the lateral excursions observed as a result of remote failures are contained within a 2 x RNP corridor;
and

(d) a demonstration is made that the aircraft remains manoeuvrable and a safe extraction can be flown
for all extremely remote failures.
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For criteria (a), (b), and (c) above, the vertical excursion does not exceed 75 feet below the desired path.

AMC1 ACNS.C.PBN.605 System performance demonstration

The applicant should demonstrate the aircraft capability in terms of performance under design limit
operational conditions (e.g. tailwinds and crosswinds, centre-of-gravity (CG) limits, temperature limits), and
on representative procedures that include RF legs of varying radii. The applicant should also assess the effects
of configuration changes (e.g. gear and flap extension and retraction).

The applicant should conduct a safety impact assessment based on the aircraft’s system safety assessments
(SSAs) and identify any failure conditions that could potentially impact on performance. The functional
hazard assessment (FHA) and SSA of all the aircraft’s systems that support RNP AR operations (RNAV systems,
flight controls systems, flight guidance systems, displays, etc.) should, therefore, be revisited to identify these
failures. System failures should include latent failures (‘integrity’) and detected failures (‘continuity’). For the
detected failures, the monitor limit of the alert, the time to alert, the flight crew reaction time, and the
aircraft response should all be taken into account and verified to ensure that the aircraft does not exit the
obstacle clearance volume.

The intent of this requirement is to ensure robustness of the aircraft and its systems to failure conditions.
Consequently, performing a safe extraction contingency procedure, i.e. initiating a missed approach, is not
an acceptable means of demonstrating compliance against the criteria of CS ACNS.C.PBN.605(a), (b), and (c).
These demonstrations may rely on crew action to intervene and place the aircraft back on the target track
even if, in an operational environment, the crew is expected to initiate a missed approach procedure when
the lateral or vertical criteria are exceeded. For compliance demonstration purposes, however, executing a
safe extraction is not considered appropriate for demonstration of compliance with these criteria.

(a)  With reference to CS ACNS.C.PBN.605(a), any failure that is classified as ‘probable’ and supports the
RNP AR operation should be assessed. Those failures that would require the flight crew to act or
intervene should be assessed in a representative environment and design limit operational conditions
by the applicant’s flight test pilots. The impact of the failure and the flight crew intervention should be
such that the aircraft can be maintained within the 1 x RNP value and within — 75 ft altitude deviation.

(b)  With reference to CS ACNS.C.PBN.605(b), the same requirements apply for the case of an engine
failure. If the engine failure would require the flight crew to act or intervene, then this should be
assessed in a representative environment and design limit operational conditions by the applicant’s
flight test pilots. The impact of the failure and the flight crew intervention should be such that the
aircraft can be maintained within the 1 x RNP value and within — 75 ft altitude deviation.

(c)  With reference to CS ACNS.C.PBN.605(c), the same requirements apply, except that, for the case of
failures classified as ‘remote’ but not ‘extremely remote’, the impact of the failure and the flight crew
intervention should be such that the aircraft can be maintained within the 2 x RNP value and within
— 75 ft altitude deviation.

(d)  With reference to CS ACNS.C.PBN.605(d), the applicant should demonstrate that no ‘extremely
remote’ failure limits the flight crew’s ability to:

— intervene and place the aircraft back on the target track contained within the alert threshold; or
— safely extract the aircraft through manual intervention.

Safe extraction is defined as within 2 x RNP for the applicable approach and missed approach procedure,
until such time that the aircraft is stabilised and reaches a safe altitude. The RNP for the missed approach
procedure is usually higher than the RNP for the continued approach. For extremely remote navigational
failure conditions (e.g. all flight management computers (FMCs) failed), the flight crew must be able to
navigate the aircraft free of obstacles.
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For departure procedures with close-in RF legs at or just beyond the departure end of the runway, and for
missed approach procedures with close-in RF legs, the retraction of the landing gear and flaps and
subsequent rapid acceleration may affect the RNP system’s ability to conduct accurate turn anticipation. An
inaccurate turn anticipation calculation may result in an overshoot of a close-in RF turn. When this
performance characteristic is present, the applicant should consider including a limiting airspeed for the
initial phase of the departure or the missed approach in the AFM. The airspeed limit should not be lower
than the best-climb airspeed with one-engine-inoperative.

The severity level of the above demonstrations (failure conditions in combination with the RNP approach
containment requirements), as assessed by the test pilot, must still match the probability of the applicable
failure condition (ref.: CS 25.1309).

Specific evaluations should be conducted to assess path excursions upon failures and the resulting RNP levels.
Results should be documented in the AFM, AFM Supplement, or any appropriate aircraft operational support
document which is approved by EASA and made available to the operator. In other words: If, for example,
the worst-case result of the assessments that have been conducted to demonstrate compliance for ‘remote’
failures shows that the aeroplane diverts 0.40 NM from the published track, then the applicant should limit
the authorised RNP to 0.20 NM.

GM1 ACNS.C.PBN.605 System performance demonstration

As regards applications for RNP AR approval, the involvement of flight test pilots in this exercise has been
shown to be crucial. Flight crew intervention is an essential aspect of these demonstrations and on occasion
it has been proven difficult for flight crews to timely recognise the failure and intervene adequately. An
appropriate level of specific training for RNP AR operations may be assumed.

CS ACNS.C.PBN.610 Source of horizontal position

(See AMC 1 ACNS.C.PBN.610 and AMC1 ACNS.C.PBN.610 Source of horizontal position

As a minimum, the inertial positioning source needs to comply with the criteria of Appendix B. The applicant
should, however, demonstrate that circular error of the inertial system supports a safe extraction, as defined
in AMC1 ACNS.C.PBN.605 in case of loss of GNSS. This may imply that the design of the inertial position source
needs to exceed the performance criteria described in Appendix B.

If the RNP system does not exclude VOR-updating automatically, the applicant should identify any pilot
procedures for an aircraft to comply with this requirement.

GM1 ACNS.C.PBN.610)

(a) The RNP system utilises the global navigation satellite system (GNSS) as primary source of horizontal
position and is backed by an inertial position source.

(b)  The aircraft's RNP system does not use VOR-updating when conducting RNP AR APCH procedures.

AMC1 ACNS.C.PBN.610 Source of horizontal position

As a minimum, the inertial positioning source needs to comply with the criteria of Appendix B. The applicant
should, however, demonstrate that circular error of the inertial system supports a safe extraction, as defined
in AMC1 ACNS.C.PBN.605 in case of loss of GNSS. This may imply that the design of the inertial position source
needs to exceed the performance criteria described in Appendix B.

If the RNP system does not exclude VOR-updating automatically, the applicant should identify any pilot
procedures for an aircraft to comply with this requirement.
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GM1 ACNS.C.PBN.610 Source of horizontal position

Integrated global navigation satellite system/inertial navigation system (GNSS/INS) or global navigation
satellite system/inertial reference unit (GNSS/IRU) position solutions reduce the rate of degradation after
loss of position updating. The use of a ‘tightly coupled’ GNSS/inertial system to support RNP AR operations
is recommended. For ‘tightly coupled’ GNSS/inertial systems, RTCA/DO-229D Appendix R provides additional
guidance.

INS or IRU are generally not considered suitable as a sole source of horizontal position for RNP AR applications
described herein. However, it is recognised that many multi-sensor navigation systems utilise INS or IRU
within their navigation calculations to provide continuity when the other higher accuracy sensor(s) is (are)
momentarily unavailable.

Attitude and heading reference systems (AHRSs), including an AHRS with inputs from air-data computers, are
generally not considered to provide a level of performance that would be adequate to support RNP AR
operations, i.e. meet the criteria of Appendix B.

SUPPLEMENTARY FUNCTIONAL CRITERIA

RNP system

CS ACNS.C.PBN.615 Autopilot/Flight director

(a) Means are provided to couple the RNP system with the autopilot or flight director.

(b)  The RNP system, the flight director system and autopilot must be capable of commanding a bank angle
up to 25 degrees above 121 m (400 ft) AGL and up to 8 degrees below 121 m (400 ft) AGL.

CS ACNS.C.PBN.620 Reversion

(See GM1 ACNS.C.PBN.620)

When the RNP cannot be maintained during a radius to fix (RF) leg, the flight guidance mode remains in

lateral navigation.

GM1 ACNS.C.PBN.620 Reversion

This requirement is intended to support the flight crew in extracting the aircraft from the procedure.

CS ACNS.C.PBN.625 Go-around and missed approach
(See GM1 ACNS.C.PBN.625)

Upon initiating a go-around or missed approach, both RNP system and the autopilot or flight director remain
in lateral navigation guidance mode and continue to guide the aircraft along the lateral path of the procedure
until completion of the approach and missed approach procedure.

GM1 ACNS.C.PBN.625 Go-around and missed approach

Loss of the RNP capability is considered as a condition that would require the initiation of a missed approach.

CS ACNS.C.PBN.630 Radius to fix (RF) leg transition
(See AMC1 ACNS.C.PBN.630)

The RNP system has the capability to execute the radius to fix (RF) leg transitions and to consistently maintain
tracks, as specified in Subsection 8.
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AMC1 ACNS.C.PBN.630 Radius to fix (RF) leg transition

The demonstration of the RF capability should be undertaken considering:

(a)  limit wind speed;

(b)  turn radius;

(c) configuration changes;

(d) failure conditions.

With reference to failure conditions (d), the unique requirements on demonstration of performance under
failure conditions of CS ACNS.C.PBN.605 apply.

CS ACNS.C.PBN.635 Navigation accuracy for RNP AR operations

(See AMC1 ACNS.C.PBN.635)

The RNP system is capable of acquiring the RNP value associated with the intended operation.

AMC1 ACNS.C.PBN.635 Navigation accuracy for RNP AR operations

If the RNP system offers multiple RNP values associated with lines of minima on an RNP AR approach
procedure, the system should allow the flight crew to select the RNP values associated with the appropriate
line of minima for use on the final approach segment. The system should then acquire the associated RNP
value(s) for the procedure from the navigation database.

CS ACNS.C.PBN.640 RNP AR departures — Functional Requirements
The RNP system provides the following capabilities to support RNP AR departure procedures:

(a) The RNP system allows loading and execution of a flight plan where the initial fix of the RNP AR DP
defined path is placed at or just beyond the approach end of the take-off runway.

(b) The RNP system provides lateral path guidance not later than when reaching 50 feet above the
departure runway.

(c)  The RNP system is capable of executing an RF leg where the first fix defining the RF leg begins at the
departure end of the runway.

(d) The RNP system provides a means for the flight crew to confirm availability of GNSS for aircraft
positioning immediately prior to take-off.

(e) The INS position is automatically updated upon pressing the take-off/go-around (TOGA) button or
provide the ability to manually initiate a position update during ground operations immediately prior
to take-off .

AMC1 ACNS.C.PBN.640 RNP AR departures

With reference to (c), when the RNP AR DP requires a close-in turn at or just beyond the DER, retraction of
the landing gear and flaps during the take-off sequence and subsequent rapid acceleration to en-route climb
airspeed may compromise the RNP system’s ability to conduct accurate turn anticipation for the close-in
turns, possibly resulting in the aircraft’s inability to comply with the defined turn (i.e. overshoot a close-in RF
turn). Limiting the airspeed for the initial phase of the departure can help ensure the RNP system’s turn
anticipation calculations are accurate.

With reference to (e), if the aircraft requires the flight crew to conduct a manual INS position update
immediately prior to take-off, the applicant should provide procedures requiring the air crew to conduct the
position update within 300 meter (1 000 ft) of the start point of the aircraft’s take-off roll.
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GM1 ACNS.C.PBN.640 RNP AR departures

With reference to (a), locating an initial fix of an RNP AR DP at or just beyond the approach end of the take-
off runway is one acceptable means to facilitate executing an RF leg at the departure end of the runway
(DER). The straight segment from the initial fix leading to the fix defining the beginning of the RF leg at the
DER helps ensure the aircraft’s path is tangent to the RF leg in order to capture of the RF leg guidance.

CS ACNS.C.PBN.645 RNP AR departures — Take off performance Data

In support of RNP AR departures, the applicant provides aircraft take off performance data, including
performance on non-standard climb gradients, to the operator in a form acceptable to EASA.

Display of navigation data

CS ACNS.C.PBN.650 Display of aircraft track

The RNP system displays the desired and current aircraft track on an electronic map display in the flight
crew’s optimum field of view.

CS ACNS.C.PBN.655 Lateral deviation display

(See AMC1 ACNS.C.PBN.655)

The full-scale deflection of the non-numeric lateral deviation display supports the intended operation.

AMC1 ACNS.C.PBN.655 Lateral deviation display

The full-scale deflection of the non-numeric lateral deviation display should not be greater than two (2) times
the applicable RNP.

Navigation database

CS ACNS.C.PBN.660 Use of a navigation database

(See AMC1 ACNS.C.PBN.660)

The RNP system uses an on-board navigation database which provides sufficient data resolution to ensure
that the RNP system achieves the required accuracy to support RNP AR operations.

AMC1 ACNS.C.PBN.660 Use of a navigation database

Waypoint definition error should be less than or equal to 60 feet, including both the data storage resolution
and the RNP system computational resolution used internally for the construction of flight plan waypoints.

The navigation database should contain vertical angles (glide path angles) stored to a resolution of
hundredths of a degree, with equivalent computational resolution.

Vertical performance

CS ACNS.C.PBN.670 Vertical accuracy
(See AMC1 ACNS.C.PBN.670 and AMC2 ACNS.C.PBN.670)

The vertical position accuracy supports the intended RNP AR operations.

*
*

* *
* g

% European Union Aviation Safety Agency. All rights reserved. ISO 9001 certified.

*
*

Proprietary document. Copies are not controlled. Confirm revision status through the EASA intranet/internet. Page 45 of 78

An agency of the European Union



CS-ACNS Issue 2

Change Information

AMC1 ACNS.C.PBN.670 Vertical accuracy

When the vertical position is provided by BARO-VNAYV and the aircraft performs stabilised constant descent
path, the RNP system should ensure that 99.7 % of the system error in the vertical position is equal to or less
than the vertical error budget (VEB) attributed to the aircraft, as defined by (in feet):

VEBgircraft = \/ANPE2 + WPR? + FTE? + ASE?
Where:
ANPE = actual navigation performance error which can be computed as follows:

ANPE = 6076.115 x 1.225 X RNP X tan(8)
WPR = waypoint precision error which can be computed as follows:
WPR = 60 X tan(0)
FTE = flight technical error which can be assumed to be 75 feet with autopilot or flight director coupled.
ASE = altimetry system error which can be computed as follows:
ASE = —8.8.1078 x (h + Ah)? + 6.5.1073(h + Ah) + 50

Using:
— ‘D’ as the vertical navigation (VNAV) path angle;
= ‘h’ as the height in feet of the local altimetry reporting station; and
= ‘Ah’ as the height in feet of the aircraft above the reporting station.

Note: VEBaircraft contains the elements out of the minimum obstacle clearance (MOC) equation in Appendix 1 to ICAO
Document 9905 ‘Required Navigation Performance Authorization Required Procedure Design Manual’, which are
attributed to the aircraft. The applicant should not apply the other elements of the MOC equation, i.e. body
geometry (bg) error or international standard atmosphere temperature deviation (isad), in support of
demonstration of vertical accuracy.

AMC2 ACNS.C.PBN.670 Vertical accuracy

Where SBAS/GNSS geometric altitude is used, the installation of equipment that supports a 50-m vertical
alert limit (VAL) satisfies the requirement for operations down to RNP 0.3 and the installation of equipment
that supports a 35-m vertical alert limit (VAL) satisfies the requirement for operations down to RNP 0.1.

SUPPLEMENTARY PERFORMANCE CRITERIA

CS ACNS.C.PBN.675 RNP System design — RNP AR integrity

(See Error! Reference source not found.675)

The integrity of the lateral guidance provided by the aircraft RNP system supports the intended RNP AR
operations.

AMC1 ACNS.C.PBN.675 RNP System design — RNP AR integrity

Guidance on the integrity (provisioning of erroneous output or display of data) of the RNP system related to
RNP AR operations is provided in Appendix A to Subpart C.

CS ACNS.C.PBN.680 RNP System design — RNP AR continuity

(See AMC1 ACNS.C.PBN.680)
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The continuity of lateral guidance provided by the RNP system supports the intended RNP AR operation.
AMC1 ACNS.C.PBN.680 RNP System design — RNP AR continuity

Guidance on the continuity (loss of the function) of the RNP system to provide lateral and vertical position or
guidance is provided in Appendix A to Subpart C.
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Subsection 7 — Supplementary specifications for applications for advanced RNP (A-RNP)

APPLICABILITY

CS ACNS.C.PBN.701 Applicability

Subsection 7 provides the supplementary functional and performance criteria that are applicable to obtain
certification for applications for advanced-RNP (A-RNP).

SUPPLEMENTARY FUNCTIONAL CRITERIA
RNP system

CS ACNS.C.PBN.705 Radius to Fix
The RNP system has the capability to execute radius to Fix (RF) legs (as specified in Subsection 8).

CS ACNS.C.PBN.710 Parallel offset

The RNP system has the capability to implement parallel offset (as specified in Subsection 10).

CS ACNS.C.PBN.715 RNP scalability

The RNP system has the capability to operate with RNP values (ranging from 0.3 to 1.0 NM in tenth(s) of NM).
The RNP value is either retrievable automatically from the on-board navigation database or manually
adjustable by the flight crew.

AMC1 ACNS.C.PBN.715 RNP scalability
Installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the requirement.

[References: ED-75D § 3.7.2.1.3.1, ED-75D § 3.2.6, ED-75D § 3.2.6.2]

Display of navigation data

CS ACNS.C.PBN.725 Display of aircraft track

The RNP system displays the current aircraft track (or track angle error) in the flight crew’s optimum field of
view.
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Subsection 8 — Supplementary specifications supporting radius to fix (RF)

APPLICABILITY

CS ACNS.C.PBN.801 Applicability

Subsection 8 provides the supplementary functional and performance criteria that are applicable to obtain
certification for the capability to execute radius to fix (RF) path terminators.

The RF functionality is mandatory to obtain A-RNP and RNP AR certification, and can be optionally associated
with RNP 1, RNP 0.3 and RNP APCH.

SUPPLEMENTARY FUNCTIONAL CRITERIA
RNP system

CS ACNS.C.PBN.805 RF functional requirements

(See AMC1 ACNS.C.PBN.805 and GM1 ACNS.C.PBN.805)

The RNP system coupled with an autopilot or a flight director is capable of:
(a)  executing the radius to fix (RF) legs; and

(b) commanding and achieving a minimum bank angle of up to 30 degrees above 400 feet above ground
level (AGL) and up to 8 degrees below 400 feet AGL.

AMC1 ACNS.C.PBN.805 RF functional requirements

The applicant should perform an evaluation of the navigation system on a representative set of procedure
designs under all foreseen operating conditions. The evaluation should address maximum assumed
crosswind and maximum altitude with the aircraft operating in the range of expected airspeeds for the
manoeuvre and operating gross weights and CG conditions (i.e. forward/aft). Procedure design constraints
should include sequencing multiple, consecutive RF leg segments of varying turn radii, including consecutive
RF leg segments reversing the direction of turn (i.e. reversing from a left-hand RF turn to a right-hand RF
turn).

When evaluating flight technical error on RF legs, the effect of rolling into and out of the turn should be
considered.

Within the demonstration, the applicant should be seeking to confirm that the FTE is commensurate with the
RNP navigation accuracy.

Where applicable, the ability of the aircraft to maintain an appropriate FTE after a full or partial failure of the
autopilot and/or flight director should also be demonstrated.

Any limitations identified during the compliance demonstration should be documented. Flight crew
procedures should be assessed, including identification of any limitations which surround the use of pilot
selectable or automatic bank angle limiting functions and confirmation of those related to go-around or
missed approach from an RF leg segment.

Test procedures for aircraft capability to perform RF legs in approach and departure should make use of the
RF leg demonstration templates described in Appendix D to Subpart C.
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GM1 ACNS.C.PBN.805 RF functional requirements

The test procedure is designed to provide 5 degrees of manoeuvrability margin to enable the aircraft to get
back on the desired track after a slight overshoot at the start of the turn.

Industry standards for RF defined paths can be found in EUROCAE ED-75D (RTCA DO-236C Change 1).

CS ACNS.C.PBN.810 RNP failure

If the RNP cannot be achieved during a radius to fix (RF) leg, the flight guidance mode remains in lateral
navigation.

CS ACNS.C.PBN.815 Autopilot/Flight director

(See AMC1 ACNS.C.PBN.815)

The use of autopilot or flight director is required to execute radius to fix (RF) leg transitions, except for CS-23
Level 1, 2, and 3 aircraft, for which no type rating is required, and that are performing RNP 1 and RNP APCH
operations with an RNP value of not less than 1, and at speeds of 200 knots or less, provided that, in addition
to the requirement stated in CS ACNS.C.PBN.820, the aircraft is equipped with an appropriately scaled course
deviation indicator (CDI).

AMC1 ACNS.C.PBN.815 Autopilot/Flight director

The applicant should perform an evaluation to demonstrate that the aircraft can be maintained on the
desired path, without excessive deviations, under all foreseen operating conditions. The demonstrations
should be performed on a representative set of procedure designs.

Display of navigation data

CS ACNS.C.PBN.820 Display of computed path

The RNP system displays the intended path on an appropriately scaled moving map display in the flight crew’s
maximum field of view.
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Subsection 9 — Supplementary specifications supporting fixed radius transition (FRT)

APPLICABILITY

CS ACNS.C.PBN.901 Applicability

Subsection 9 provides the supplementary functional and performance criteria that are applicable to obtain
FRT certification.

The FRT functionality can optionally be associated with RNP 2, RNP 4, and advanced RNP (A-RNP)
specifications.

SUPPLEMENTARY FUNCTIONAL CRITERIA
RNP system

CS ACNS.C.PBN.905 Fixed radius transition (FRT) requirements
(See AMC1 ACNS.C.PBN.905 and GM1 ACNS.C.PBN.905)

The RNP system is capable of defining, executing and maintaining a track consistent with an FRT between
flight path segments, using a 0.1-NM resolution for the radius value.

AMC1 ACNS.C.PBN.905 Fixed radius transition (FRT) requirements
The installation of equipment with an ETSO authorisation against ETSO-C115d satisfies the requirement.

[Reference ED-75D § 3.2.5.4.2]

GM1 ACNS.C.PBN.905 Fixed radius transition (FRT) requirements

FRT requirements are defined in Aeronautical Radio, Inc. (ARINC) 424, and their application is described in
more detail in EUROCAE documents ED-75D (RTCA DO-236C Change 1).

Display of navigation data

CS ACNS.C.PBN.910 Display of the computed path

The RNP system displays the computed curved path of the FRT on an appropriately scaled moving map display
in the flight crew’s maximum field of view.

**x
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Subsection 10 — Supplementary specifications supporting parallel offset

APPLICABILITY

CS ACNS.C.PBN.1001 Applicability

Subsection 10 provides supplementary functional and performance criteria that are applicable to obtain
certification for parallel offset which enables the aircraft to fly a path parallel to, but offset left or right from,
the original active route (parent route). Parallel offset is applicable only for en-route segments and is not
foreseen to be applied on standard instrument departures (SIDs), standard instrument arrivals (STARs) or
approach procedures.

The parallel offset functionality is mandatory to obtain RNP 4 and A-RNP certification, and can be optionally
associated with RNP 2 specifications.

SUPPLEMENTARY FUNCTIONAL CRITERIA
RNP system

CS ACNS.C.PBN.1005 Parallel offset capabilities
(See AMC1 ACNS.C.PBN.1005)
(a)  The RNP system has the capability to:

(1) define a offset path from the parent track and transit to and from the offset track maintaining an
intercept angle of 30 degrees;

(2)  manually initiate and cease the parallel offset path;
(3) automatically cancel the offset path:
(i) following an amendment of the active flight plan by executing a ‘direct-to’;

(ii)  approaching the first fix of an instrument approach procedure (initial approach fix (IAF), initial
fix (IF), or final approach fix (FAF));

(ili)  approaching the commencement of a segment which is not compatible with the offset.

An advance notice of the automatic cancellation is given to the flight crew and the RNP system
allows sufficient time for the aircraft to return to the parent track before the commencement of
the incompatible leg or the first fix of the instrument approach procedure.

(b)  When executing a parallel offset, the RNP system applies to the offset route all performance requirements
and constraints of the original route, as defined in the active flight plan.

AMC1 ACNS.C.PBN.1005 Parallel offset capabilities
The installation of equipment with an ETSO authorisation against ETSO-C115d, Class A, satisfies the requirement.

For RNP systems that have not been granted an ETSO authorisation against ETSO-C115d, Class A, the
requirements of ED-75D (RTCA DO-236C Change 1) Section 3.7.2.2.4 ‘Parallel Offsets’ apply, with the following
additions:

(@) The RNP system should have the capability to define the offset path from the parent track using an
increment of at least 1 NM, left or right and with a total offset of at least 20 NM. Where the RNP system
supports the definition of a single, pre-planned parallel offset using specific start and end fixes, the RNP
system should:
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(b)

(1) provide automatic initiation and cessation of the offset at the start and end waypoint;

(2) begin transition to the offset path at the start waypoint on the original path to join the intercept
path;

(3) begin the return to the original path so that the return transition ends at the end waypoint on the
original path.

With reference to CS ACNS.C.PBN.1005(a) (3)(iii), cases which are not compatible with an offset are
considered to be:

(i) arrival at a fix where a course change exceeds 120 degrees;
(ii)  aroute segment that ends at a hold fix.

When executing a parallel offset, the RNP system computes the offset reference points using the same
resolution that the parent route reference points have. Where FRTs are applied, the offset track should
be flown with the same turn radius as the parent track.

Display of navigation data

CS ACNS.C.PBN.1010 Indication of parallel offset status

When in offset mode, the RNP system provides:

(a)
(b)

()
(d)

**x
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lateral guidance parameters relative to the offset path;

distance and estimated time of arrival at, or time to go to, information relative to the offset reference
points;

a continuous indication of the parallel offset status in the flight crew’s maximum field of view; and

the cross-track deviation indication during the operation of the offset relative to the offset track.
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APPENDIX A — GUIDANCE ON CLASSIFICATION OF FAILURE CONDITIONS.

The following table provides guidance for the classification of failure conditions, based on a generic assessment
of the risks related to the execution of the flight procedure as defined in the ICAO navigation specification.

As it is not possible for EASA to consider specific aspects of a particular design or particular mitigations, EASA
will consider the outcome of a functional hazard assessment (FHA) applied to the specific design. If no FHA is
provided, the higher of the classification is applied.

Type of operation Continuity / Integrity Classification of Failure Conditions
RNP 1%, RNP 2, RNP 4, RNP 0.3 Continuity (Loss) Major
Integrity (Erroneous) Major
Advanced RNP, RNP APCH Continuity (Loss) Major?3
Integrity (Erroneous) Major/Hazardous?
RNP AR APCH, RNP AR DP Continuity (Loss) Major/Hazardous?
(RNP = 0.3 NM) Integrity (Erroneous) Major/Hazardous
RNP AR APCH Continuity (Loss) Hazardous?
(RNP < 0.3 NM) Integrity (Erroneous) Hazardous

In the RNP 1 navigation specification of the PBN Manual, the loss of function is classified as ‘minor’. Due to EASA’s
decision to group all the basic requirements for lateral navigation together in Subsection 2 and not to grant specific
approval for each separate navigation specification, but for the entire bundle, the failure condition has been set to
‘major’. Applicants that intend to apply for RNP 1 approval only with an intended classification of the loss of function as
‘minor’ are encouraged to consult EASA as early in the process as possible to discuss the applicable certification criteria.

The loss of function during the missed approach may be classified as a ‘minor’ failure condition and the integrity may
be ‘major’.

The loss of VNAV during the final approach may be classified as a ‘minor’ failure condition, provided that lateral
navigation is not affected.
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APPENDIX B — INS/IRU STANDARD PERFORMANCE AND FUNCTIONALITY

(1) Introduction

Appendix B provides the performance and functionality criteria that an airborne INS/IRU position source
should meet to support PBN operations.

(2)  INS/IRU position source standard performance and functionality
(a) The equipment should support an unambiguous indication when its outputs are invalid.

(b)  The navigation function of the equipment should be designed commensurate with a ‘major’ failure
condition.

(c)  The alignment, updating, and navigation computer functions of the system must not be invalidated
by normal aircraft power transients.

(d)  The equipment should provide or support the following functions and displays:

(i) valid ground alignment capability at all latitudes appropriate for the intended use of the
installation;

(ii)  adisplay of alignment status; and
(iii)  the present position of the aeroplane in suitable coordinates.

(e) The circular error of the equipment should be lower than or equal to 2 nautical miles per
flight hour on a 95-per-cent basis.
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Appendix C — Installation and testing guidance

Introduction

Appendix C provides guidance on the installation and testing of RNP Systems. Depending on the applicable
airworthiness standards, the applicant should consider the following paragraphs as indicated below:

(a)
(b)

(e)

Paragraphs (2), (3), and (4) of Appendix C should always be considered.

When Subsection 3 ‘Supplementary specifications for lateral navigation in final approach’ is
applicable, paragraph (5) ‘Supplementary testing for lateral navigation in final approach’ of
Appendix C should be considered.

When Subsection 4 ‘Supplementary specifications for vertical navigation’ is applicable, paragraph
(6) ‘Supplementary testing for vertical navigation’ of Appendix C should be considered.

When Subsection 5 ‘Supplementary specifications for vertical navigation in final approach’ is
applicable, paragraph (7) ‘Supplementary testing for vertical navigation in final approach’ of
Appendix C should be considered.

When Subsection 7 ‘Supplementary specifications for applications for advanced RNP’ is applicable,
paragraph (8) ‘Supplementary testing for applications for advanced RNP’ of Appendix C, as well as
Appendix D ‘RF leg demonstration templates’, should be considered.

Equipment installation

(a)

(b)

The applicant should can use equipment that has been granted ETSO authorisation and, in that
case, should strictly follow the equipment manufacturer installation guide.

For each of the equipment installed, the applicant should verify and assess all switching and transfer
functions, including electrical bus switching and failure modes under partial or complete loss of
electrical power, loss of signal reception, loss of equipment interfaced with the RNP system, etc.
Under such failure conditions, the applicant should:

(i) evaluate the aircraft’s system response to ensure that the switch is accomplished as
expected;

(ii)  verify that the switch is clearly enunciated and that any warning associated with the loss of
equipment is commensurate with the requirements of CS XX.1322; and

(iii)  verify that the switching itself does not induce any inaccurate guidance and that the
autopilot/flight director response is appropriate.

For a multi-sensor installation, under sensor failure conditions, the applicant should verify the
following:

(i) that the GNSS is used as a primary source of navigation;

(ii)  the transfer to an alternative navigation sensor and the appropriate switching mode and
annunciation are made;

(iii)  that the switch is clearly enunciated and that any warning associated with the loss of
equipment is commensurate with the requirements of CS XX.1322;

(iv)  thatthe switching itself does not induce any inaccurate guidance and that the autopilot/flight
director response is appropriate; and

(v) that the remaining navigation sensors are appropriately reflected in the positioning
computation of the RNP system.
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(d)

(e)

(f)

(h)

During simulated loss of the GNSS signal-in-space, the applicant should verify that the criteria of
point (2)(c)(ii) to (2)(c)(v) are met.

Initial certification of systems, including multiple (scanning) DME sensors that have not been
previously certified, must be based upon a demonstration of system accuracy by recording (at
intervals not greater than 15 minutes) the DME/DME sensor position and comparing it to the actual
position during evaluation flights. The latest revisions of FAA AC 25-7D and FAA AC 23-8C provide
guidance on test distances from VOR and DME navigation aids. Recorded data should include
sufficient signal parameters and sensor performance data to provide a clear indication of
satisfactory sensor performance. The applicant should select the particular flight paths based on an
analysis of critical signal characteristics, station geometry, signal coverage (including limited station
availability with acceptable range), aircraft movement, etc. The system should demonstrate its
ability to detect poor signal conditions, inadequate navigation capability, recovery from in-flight
power failure, etc. The applicant should review and test the auto-tune logic to verify that ground
stations are identified and tuned correctly.

Inertial systems that satisfy the criteria of Appendix B do not need further evaluation.

With regard to GNSS sensors that have been granted an ETSO authorisation against ETSO-C146
(Class Gamma equipment), it is stipulated that the equipment will support installations with the
ability to compensate for the navigation centre to antenna offset. If applicable, the applicant should
confirm that the antenna to aircraft centre of navigation offset is appropriate to the installation for
GNSS SBAS equipment supporting RNP APCH to LPV and LNAV/VNAV minima.

Note: The fact that the GNSS antenna is top-mounted can result in several feet of vertical difference between
the antenna and the aircraft centre of navigation, significantly greater than for ILS antennas. The
centre-of-navigation to wheel-crossing height should be evaluated for each installation. For most
installations, a fixed vertical offset is adequate.

The applicant should evaluate the accessibility of all controls pertaining to the installation of the
RNP System.

The applicant should evaluate the visibility of display(s) and annunciator(s) pertaining to the
installation of the RNP System during day and night lighting conditions. No distracting cockpit glare
or reflections may be introduced.

Sensor interference testing

(a)

(b)

GNSS equipment is particularly susceptible to out-of-band SATCOM emissions and in-band inter-
modulation between multiple channel SATCOM installations. The applicant should not install GNSS
equipment on aircraft with SATCOM transceivers, unless absence of interference with the GNSS
sensor is demonstrated.

Improperly used or installed GNSS re-radiators can present misleading information to GNSS
equipment. Equipment manufacturers may provide mitigation against the use of erroneous data
for GNSS position and navigation solutions. Possible measures include: implementing or enabling
cross-checks of GNSS sensor data against independent position sources and/or other detection
monitors using GNSS signal metrics or data. It is left to the applicant to determine that the method
chosen by the equipment manufacturer is adequate for the aircraft integration.

The applicant should demonstrate the lack of interference from VHF radios on the completed
installation of navigation sensors (GNSS, DME where applicable, etc.) by tuning each VHF
transmitter to the frequencies listed below and transmitting for a period of 30 seconds while
observing the signal status of each satellite being received. Degradation of individually received
satellite signals below a point where the satellite is no longer available will require additional
isolation measures to be taken:
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(d)

(i) 121.150 MHz; 121.175 MHz; 121.200 MHz; 131.250 MHz; 131.275 MHz; and 131.300 MHz
(for radios with 25-kHz channel spacing); and

(ii)  121.185 MHz; 121.190 MHz; 130.285 MHz and 131.290 MHz (for radios with 8.33-kHz
channel spacing);

For installations on rotorcraft, the applicant should ensure that the rotor blades do not interfere
with the received signals. This problem has been experienced in some rotorcraft and varies with
the rotation rate.

Generic testing for performance-based lateral navigation

(a)

(b)

(d)

The applicant should evaluate the navigation parameters displayed on cockpit instruments (such as
HSI, CDI, distance display, electronic flight instrument system, moving maps, FMSs, etc.) against the
relevant criteria. In particular, the parameters displayed should be consistent across the cockpit,
especially the aircraft heading or track reference (magnetic or true), the aircraft altitude (feet or
metres), and the aircraft speed (knots or km/h).

The applicant should verify that the RNP system continuously provides to the flight crew:
(i) an estimation of the present position, the position accuracy and integrity;

(ii)  the computed desired path and the deviation from that path; in particular, the applicant
should:

(1) evaluate the sensitivity of the deviation display;
(2) verify that the full-scale setting is appropriate for the intended operation; and

(3) when applicable, verify that when the full-scale setting changes, the display of the
updated deviation is appropriate;

(iii)  the identification of the active TO waypoint;
(iv) the distance, bearing and time to the active TO waypoint; and
(v)  the aircraft ground speed.

This behaviour should be evaluated for different flight phases, altitudes, and under various normal
aircraft manoeuvres (e.g. bank angles of up to 30 degrees and pitch angles associated with take-
off, departures, approaches, landing, and missed approaches, as applicable).

The applicant should verify that the course selector and the RNP system are properly integrated.
The behaviour of the system and the display of the aircraft heading and the selected course should
be appropriate and consistent when the aircraft follows the RNP system’s flight plan but also when
the aircraft is manually flown.

The applicant should verify the automatic and manual selection/deselection of sensor types and
positioning aids, in particular:

(i) The appropriate automatic sensor selection should be verified, and, where a multi-sensor
system is installed, the applicant should check that the automatic selection is consistent with
GNSS being the primary source of horizontal position;

(i)  Where a multi-sensor system is installed, the applicant should verify the appropriate
automatic reversion when one or several sensors fail;

(iii)  The applicant should verify the appropriate automatic selection and tuning of positioning
navigation aids. Where DME is installed, the automatic selection and tuning should be
evaluated where multiple DME can be received from the aircraft, for different flight phases
and different altitudes. For each sensor, the applicant should verify the continuous aircraft
position estimations for different flight phases, altitudes, and various normal aircraft
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(e)

(f)

(8)

(h)

manoeuvring (e.g. bank angles of up to 30 degrees and pitch angles associated with take-off,
departures, approaches, landing and missed approaches as applicable);

(iv) The applicant should check the capability to manually override the selection or deselection
of a positioning sensor type and positioning navigation aids.

The applicant should verify the capability to create, review, modify and activate a flight plan. In
particular, the applicant should verify the capability to extract and load procedures from the
navigation database into the RNP system. During the extraction, all procedures’ characteristics
(sequence of waypoints, speed and/or altitude constraint, etc.) should be loaded into the flight
plan.

The applicant should evaluate the following aspects when the RNP system is interfaced with an
autopilot and/or a flight director. If some issues are raised, the RNP system may still be installed,
but either should not be connected to the autopilot or have an appropriate aircraft flight manual
supplement/rotorcraft flight manual supplement (AFMS/RFMS) limitation that mitigates the issue.

(i) The applicant should evaluate the steering response while the flight director and/or autopilot
are/is coupled to the RNP system during a variety of different track and mode changes while
operating at the maximum and minimum operating speeds. This evaluation should include,
as applicable:

(1) transition from en route through the approach to missed approach modes and then
back to en route;

(2) intercept and track to and from a waypoint on a selected course.
(ii)  The applicant should evaluate:

(1) the steering response during the automatic sequencing of various flight plan legs and
transition; and

(2) the appropriate display of this sequencing to the flight crew.

In particular, the capability to execute fly-by, fly-over, and RNAV holding should be evaluated
for different altitudes, wind conditions, aircraft speeds, and configurations.

(iii)  The applicant should verify that the lateral manoeuvre anticipation supplied by the RNP
system is appropriate for the aircraft type. The applicant should verify that an appropriate
annunciation of impending waypoint crossing is provided.

(iv) The applicant should verify that execution of the ‘direct-to’ and ‘direct-to’ with intercept
function with a resultant aircraft heading change do not overshoot and do not cause ‘S-turns’.

(v)  The applicant should evaluate that the autopilot response to the RNP system fault by
simulating a representative fault consistent with the equipment architecture (e.g. pulling the
circuit breaker). This test should be done under various navigation modes.

(vi)  The applicant should verify that modification of the flight plan does not impact on the aircraft
guidance until the flight plan and its modification is activated. This behaviour should be
evaluated for various kinds of flight plan modifications (lateral revision, constraint
insertion/deletion, etc.) and for different procedure types (departure procedures, en route,
manually inserted segment, arrival procedures, etc.).

The applicant should verify that the flight technical error (FTE) does not exceed the FTE credits. This
test may not be necessary if the FTE has been previously established for the aircraft concerned.
One acceptable way of assessing FTE is to monitor the measured cross-track deviation while either
flying under autopilot control or flying manually using the navigation display provided.

Tests should verify proper operation of caution indications and lateral navigation interface.
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(i)

Normal flight manoeuvres should not cause loss-of-system sensor inputs and the system dynamic
response should be confirmed.

The applicant should validate the navigational accuracy of multi-sensor equipment in each
operating mode. In addition to overall system navigation performance, particular test requirements
for navigational accuracy will vary depending on the particular sensors integrated in the multi-
sensor equipment and whether sensor accuracy performance data has previously been obtained.
The performance of each navigation sensor should be evaluated separately and in combination with
other sensors as applicable.

(5) Supplementary testing for lateral navigation in final approach

(a)

(b)

(e)

For installations where the autopilot has not been modified and the RNP system provides ILS-like
deviations, the applicant should conduct several approaches:

(i) while flying raw data, flight director, and coupled to the autopilot, as applicable;
(ii)  while intercepting before and after the final approach fix (FAF),

and check that the autopilot response is appropriate and that the displays are appropriate and
consistent within the cockpit.

The objective of this test is not to verify approach performance but to ensure that the RNP system
interfaces are compatible with the aircraft. In addition, the autopilot approach functionality should
be evaluated to ensure compatibility with the ‘gain scheduling’ employed by some autopilots during
approaches.

For installations where the autopilot has been modified, the autopilot lateral control channel
performance has not been assessed, or non-standard deviations are provided (not ILS-like), the
approach performance will need to be evaluated by the applicant as per the latest revision of, AMC1
to CS 25.1329, FAA AC 23-17C or FAA AC 29-2C.

For manual control to the approach flight path, the applicant should demonstrate that the
appropriate flight display(s) provide(s) sufficient information to maintain the approach path and
align with the runway or go-around without excessive reference to other cockpit displays.

In order to ensure the system operates properly, the applicant should evaluate the lateral full-scale
deflection while on approach.

The applicant should evaluate how distance to go, course, bearing, etc., are displayed on all flight
deck presentations during approach procedures when step-down fixes are included in the
navigation database.

(6) Supplementary testing for vertical navigation

(a)
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The applicant should evaluate the autopilot response to the insertion of various altitude constraints
into the RNP system’s flight plan:

(i) ‘AT or BELOW’ altitude constraint;
(ii) ‘AT or ABOVE’ altitude constraint;
(iii) ‘AT’ altitude constraint;

(iv) ‘WINDOW’ altitude constraint.

The autopilot response should be evaluated under various conditions (different aircraft
configurations and speeds, different lateral paths, and transitions at the altitude constraint, etc.).
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Supplementary testing for vertical navigation in final approach

(a)

(b)

(d)

(e)

(f)

(h)

(i)

For installations where the autopilot has not been modified and the RNP System provides ILS-like
deviations, the applicant should conduct several approaches:

(i) while flying raw data, flight director and coupled to the autopilot, as applicable;
(ii)  while intercepting before and after the final approach fix (FAF),

and check that the autopilot response is appropriate and that the displays are appropriate and
consistent within the cockpit.

The objective of this test is not to verify approach performance, but to ensure that the RNP system
interfaces are compatible with the aircraft. In addition, the autopilot approach functionality should
be evaluated to ensure compatibility with the ‘gain scheduling’ employed by some autopilots during
approaches. For example, some autopilots depend upon a radio altimeter or middle marker beacon
passage inputs to enable a ‘glideslope extension’ function to reduce oscillating or aerodynamic
instability when coupled to a glideslope signal during the final approach phase. As PBN approaches
do not have middle marker beacons, the autopilot response needs to be evaluated when
incorporating the PBN capability.

For installations where the autopilot has been modified, the autopilot lateral control channel
performance has not been assessed, or non-standard deviations are provided (not ILS-like), then
the approach performance will need to be evaluated by the applicant as per the latest revision of
AMC1 to CS 25.1329, Appendix B of CS-29, FAA AC 23-17b or equivalent means.

For manual control to the approach flight path, the applicant should demonstrate that the
appropriate flight display(s) provide(s) sufficient information to maintain the approach path and
align with the runway or go-around without excessive reference to other cockpit displays.

In order to ensure that the system operates properly, the applicant should evaluate the vertical full-
scale deflection while on approach.

A flight crew workload analysis when operating the RNP system in association with other piloting
requirements should be conducted by the applicant during all phases of flight and found to be
acceptable, including those non-normal procedures that can be evaluated in flight.

Where the RNP System is capable of automatically intercepting a vertical path, the vertical fly-by
and the autopilot response (if applicable) should be evaluated under different configurations and
winds.

If the equipment uses barometric input, the applicant should verify that the equipment properly
interprets the barometer reading. Special consideration should be given to manually entering
barometric corrections.

The initial certification of each BARO-VNAV system to be used for IFR approach operations should
be based on a system-performance demonstration by recording the BARO-VNAV equipment
vertical guidance and comparing it to the actual aircraft position along a pre-established vertical
flight path. This evaluation can be made by using the actual coded path and appropriate path
definition.

Data should be gathered using a variety of descent rates, angles, and lateral navigation source
inputs available to the BARO-VNAYV system.

Note: GNSS SBAS LNAV/VNAV most closely emulates BARO-VNAV performance.

(i)

When a Class A TAWS is installed and LPV minima are foreseen to be used, the applicant should
verify the interface between the TAWS and the RNP system by checking the excessive downward
deviation from the glide path.
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(k)

When temperature compensation is enabled, the applicant should ensure that the display of
corrected altitude(s) is consistent on all displays in the cockpit.

Where the RNP system provides both Barometric VNAV and SBAS/GNSS VNAYV, the applicant should
ensure that transitions from one source to the other do not result in transients or jumps that would
cause either a sudden change in aircraft position on the flight path or in commands that could
contribute to destabilisation of the aircraft.

(8) Supplementary testing for applications for advanced RNP

(a)

(b)

The applicant should evaluate the aircraft response to the insertion of a hold to a manual
termination. This evaluation should be performed at different altitudes, under different wind
conditions, and for different aircraft operating speeds.

RF legs should be evaluated as detailed in Appendix D.

(c)  The use of different navigation accuracies (RNP values) between 0.3 and 1 NM should be evaluated.

The applicant should particularly evaluate the aircraft response to navigation accuracy changes and

should check that:

(i) the display update following the navigation accuracy change is appropriate;

(ii)  the display of the updated navigation accuracy is consistent with all displays in the cockpit;
and

(iii)  the steering response while the flight director and/or autopilot are/is coupled to the RNP
system during the navigation accuracy change is appropriate.
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Appendix D — RF leg demonstration templates

AppD-1 — Introduction

(1)

(2)

**

*
*

*
*

* *
* ok

Applicants must demonstrate the aircraft’s capability to perform all types of RF legs that can be
published on instrument procedures as per the procedure design criteria. Appendix D provides templates
that are an acceptable method to demonstrate an aircraft’s capability to perform RF legs. Applicants may
use engineering simulations and/or aircraft for the flight test demonstrations. The templates depict the
various RF legs that procedure designers may use when constructing actual initial, intermediate, missed
approach, or final approach segments for RNP approaches along with SIDs and STARs. Applicants may
use the templates to create one or more approach procedures at the desired aerodrome for flight test
demonstration purposes in visual meteorological conditions only. The intent of such demonstrations is
to streamline the airworthiness approval for conducting RF legs.

The demonstration procedures need to include the depicted RF leg types shown in AppD-2. To increase
flight test efficiency, it is acceptable for applicants to link the individual RF legs that are depicted in the
figures by using straight segments to create ‘mega procedures’ for demonstrating the aircraft’s
capability. However, the reflex curve legs (‘S-turns’) and decreasing radius turns must not have a straight
segment between the path terminators (see Figure 1 below for an example). The point is to demonstrate
that the aircraft is capable of flying the various types of turns including turns of minimum radius.

Note: Figure 1 is only an example and is not intended as the only possible combination for creating efficient flight
profiles.

European Union Aviation Safety Agency. All rights reserved. ISO 9001 certified.
Proprietary document. Copies are not controlled. Confirm revision status through the EASA intranet/internet. Page 63 of 78

An agency of the European Union



CS-ACNS Issue 2

Change Information

ANYTOWRN, USA ANYTOWN, USA
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Figure 1: Example procedure profiles
(3) It should be noted that the templates are designed for use on both RNP AR and standard RNP approach
procedures with RF legs. In addition, the procedures created from the templates intend to provide some
‘stressing’ situations as a consequence of the procedure design criteria applied. For example, several RF
leg radii were intentionally reduced to approach the 25-degree RNP AR flight guidance system bank angle
limits, given the design wind criteria and aircraft approach category C/D in terms of aircraft speeds (121-
165 knots).
(4) AppD-2 provides a basic description, illustration, and waypoint information for the RF legs.

(5)

**x
*
*

*
*

* *
* ok

A ‘test guide’ in AppD-3 lists a recommended testing regimen and considerations for test conduct, but
the applicant can tailor the test regimen as needed.

The test procedures are designed for an aerodrome with an elevation of approximately 1 500 ft MSL. All
turn radii were computed using expected ground speeds and altitudes based upon the 1 500-ft MSL
aerodrome elevation. The turn radii were adjusted so that the required bank angle, given the adverse
wind input, would approach the bank angle limitation noted in the procedure design criteria. The
waypoint and navigation leg data is provided so that the procedures can be ‘translated’ to a location
suitable to the applicant. However, the elevation of the selected location should be within the range of
1 000-2 000 ft MSL to ensure that the designed turn radii and bank angles do not change significantly. If
the location used has an elevation outside the 1 000-2 000-ft MSL range, it is the applicant’s
responsibility to ensure the procedures offer adequate obstacle clearance and meet the bank angle
limits in the RF leg design criteria.
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AppD-2 — Description of test procedures

Each of the procedures is described in this section along with an image for illustration.

AppD-2.1 — Departures

(1)

**

*
*

*
*

* *
* ok

Design criteria for departures are currently being developed. Subsequently, two procedures were
designed using known criteria in addition to criteria features that are likely to be incorporated. One of
the procedures mimics a conventional design at Boston Logan International Airport that has proven
difficult for some high-performance aircraft to use. Due to environmental restrictions on the ground
track, the previous conventional procedure incorporates a series of short track-to-fix (TF) legs that, when
viewed from a larger perspective, ‘looks’ like a series of RF legs when considering that each of the
waypoints are ‘fly-by’. However, in the conventional format, some FMSs have difficulty with the short
leg segments and, therefore, annunciate an inability to capture a subsequent leg. The resolution to this
issue is the RF leg or a series of RF legs that ensure conformance to the desired ground path. The ‘Alpha
departure’ shown in Figure 2 incorporates an RF leg shortly after take-off followed by a straight climbing
segment to a series of two back-to-back RF legs with reducing radii. Waypoint information is shown in
Table 1.

WP12 ﬁ*
WP16

WP17

Figure 2: Alpha departure
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Runway Transition Data - Northwest1 DEP

DB Waypoint | Distance | Leg |[FOIFB|  Latitude Longitude | TC | MC | Attitude | Speed | MEA "'t'[g, if.“s‘_es"s':i" "E’gac,j.”g‘f;;-.?“ "’CENR"M"!WS
NACOY  pER RW13 M38 033548 | WO97 51 17.61
WP10 WP 100 | cF| FB | M330250.85 | w087 5027.06 | 13323 | 132.28 | <2043
WP12 WP 471 |RF N33 02 36.01 | W07 45 05.27 N35 045054 | WOET 473681 | 300
WP14 WP 1003 | TF | FB | N33 081581 | W097 353510 | 46.37 | 4257 230
WP15 WP 1835 | RF N33 08 14.78 | W07 14 40.04 N35002033 |WoS72526.14 | 1170
WP1T WP 323 | RF N37 50 56,83 | WOST 15 18.74 250 N35 042138 | WOST 20 1452 | 567

Waypoint Data

DB Waypoint cA.rc Lat-Lon, Latitude Longitude I;at'rtude L?n itude !_alitude L:.ln itude
enter (DMS5.5 {Deg) [Deg) (D°, M.mm’} (D", M.’} (D° M §.557) 18} §5.557)

WP10 WP 3B0250.85N-0975027 .08W N 33.0474016 W 978408403 N3B 02.644 WOT 50.451 N33 02 50.65 WO97 50 27.08

WPi2 WP 380235 01N-0974505 27W N 33.0433358 W AT 7514634 N3B 02600 WET 45088 W33 02 36.01 W37 45 05.27

WFPi3 WP b 3B0450 54M-00747 35 91W N 33.0307058 W 97 7U35E50 N3E 04 842 WET 47815 W33 04 50.54 W37 47 36.21

WFPid WP 3B0915.31N-0073535. 10W N 381543216 W 9T 5030830 N3E 09.283 WET 35 585 W33 09 15.81 W37 35 36.10

WPi5 WP 380314.78N-0071440.04W N 33.1374227 W 97 2444568 M3E 03.248 WOT 14.867 M33 03 14.76 W07 14 40.04

WP16 WP h 3B0029 33N-0072545 14W N 33.0081485 W 9T 4704R45 N3B 00.489 WOT 25 760 N33 00 20.33 WO97 25 46.14

WPIT WP 375056 88N-0971518 T4W N 37.0001334 W 97 J554R42 N37 59.048 WOT 15320 MN37 59 56 88 WO97 15 10.74

WP18 WP Y 3B0421.38N-0972014.52W N 33.0728054 W 97 3373670 N3B 04.358 WOT 20.242 N33 04 21.38 WO97 20 14.52

No FAA checks included.

Database Effective Dates

Database Date
NFDC 102012011
JEPPESEMN NiA
FP_OFFLINE MiA
AVNIS 12152011
bensfits NiA
NACO WA

Table 1: Alpha departure waypoints

(2)  The ‘Bravo departure’ shown in Figure 3 consists of an RF leg shortly after take-off followed by a brief
straight segment, then two back-to-back RF legs with a turn direction reversal. The turn radii also vary
as the aircraft climbs and increases performance. Waypoint information is shown in Table 2.

KHUT

WROS .?

WWPOS

Figure 3: Bravo departure

o European Union Aviation Safety Agency. All rights reserved. ISO 9001 certified.
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Runway Transition Data - Southwest1 DEP

] Waypoint | Distance | Leg [FOIFB|  Latitude Longitude | TC | MC | Ahitude | Speed | MEA | ASEEELIST | Arsfanier Lon| Are Radius
NACD:[ pER RWa1 N330427.15 | woo7 52 15.20
WP01 WP 100 | CF| FB | W33051197 | w097 530648 |31827 231227 | 2042
WP03 WP 54D | RF N33 04 07.23 | w087 59 40.21 N3E 030874 |W0eT555972 | 306
WP0S WP 200 | TF| FB | M33D21313 | wosaoo277a [1es23]1ezaa
WP0E WP 555 | RF W37 50 5837 | W093 06 05.17 230 N3Z 031016 | WOSBD4 4166 | 362
WP08 WP 786 | RF W37 56 12.31 | W093 13 30.08 260 N37 554130 |WOBBO7 5100 460
Waypoint Data
. Arc Lat-Lom Latitude Longitude Latitude Longitude Latitude Longitude
o8 Waypaint Center DMS.5 Deg) [Deg) [0F, M.mm’} (6 W.mm) (D" M §.557) 0° W 5.557)
WPO1 WP 350511.07M-007530840W | M 330388586 | W 27.8851350 N3 05200 WET 52 108 N33 05 11.07 | w097 53 06.42
WFPD3 WP 350407 23M-0075040.21W | M 330888757 | W £7.0045032 N3E 04121 WET 52 870 N33 040722 | W097 50 40.21
WFPD4 WP ¥ | 380200.74M-0075550.72W | M33.0537087 | W 7.0332567 M2E 02182 WET 55995 N33 0300.74 | W097 55 50.72
WFPO5 WP 350212.13M-0230027.73W | N 230380801 W £E.0077038 M2E 02.219 WEE 00462 N33 021312 | W093 0D 27.72
WFPDE WP 375952.37M-D230605.17TW | M 37.0005476 | W 25.1014351 N27 50.873 WEE D6.055 N37 50 56.37 | W093 06 05.17
WFPOT WP v | 380312 16M-083044165W | N 380553211 W 280752353 28 03.318 WEE 04,684 N33 03 18.16 | W093 04 41.65
WFPDE WP 375612.31M-0931320.08W | M 370383350 | W es2250232 27 56.330 WEE 13 501 N37 56 18.51 w093 13 30.08
WFPD3 WP ¥ | 37554130M-0230751.90W | M37.0281383 | W 251310840 27 55,633 WEE 07 365 N37 554130 | w093 OF 51.80
No FAA checks included.
Database Effective Dates
Database Date
NFDC 10/20/2011
JEPPESEN NI
FP_OFFLINE NI
AVNIS 121152011
bensfits MNIA
NACO MR

AppD-2.2 — Arrival

(1)

**x
*
*

* *
* ok

*
*

Table 2: Bravo departure waypoints

A single arrival was designed which is similar to a previously studied design at Fargo, North Dakota, USA.
As the aircraft descends and decelerates, it follows a path that consists of a series of RF legs with a reversal
of the turn direction after the first turn. The second directional turn consists of two back-to-back RF legs
with decreasing radii. The arrival is shown in Figure 4 and waypoint information is shown in Table 3.

KHUT

WP524
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Figure 4: Arrival

Runway Transition Data - South RNAV STAR

DB Waypoint | Distance | Leg [FOIFB|  Latitude Longitude | TC | MC | Akitude | Speed | MEA "'['[fq C,.ﬁ“éi"s':{' A{gﬁj.“.’_ﬂ;ﬁ“ Amlﬁ‘m‘;i us
WPS24 WP IF M37 403748 | W0OT 53 15.67
WP522 WP 540 | TF | FB | M37454851 | W007 5203.10 | 1032 | 4203
WP313 WP 501 | RF M37 40 48,57 | WOO7 47 00.30 W3T 44 62.00 | WO0DT 45 51.24 5.00
WP306 WP 518 | RF M37 53 05.51 | WOS7 42 30.18 W37 54 37.47 | WO0BT 48 27.02 £05
PFAF2 WP 3186 | RF M37 5642.35 | W0O7 43 28.16 WAT 54 14.00 | WODT 45 56.16 3.60
WP321 WP 470 | TF | FB | MN380012.31 | WOO7 47 26.74 | 318.04 | 312.04
Waypoint Data
DB Waypaint Arc Lat-Lon Latitude Longitude Latitude Longitude Latitude Lua‘giu.l:le
VP Center [DMS5.5 {Deg) (Deg) (D", M.mm’} (D", M.mm') (D" M §.557) {0° M S.557)
PFAF2 WP 375042 35M-0974328.18W | M 37 0450087 W 07 7244000 N7 58.708 WOT 43.460 W37 58 42.35 W07 43 28,16
WP30E WP I75305.51M-0074230.19W | M 378343637 W 07 7083862 M37 53.002 WOT 42,508 M37 53 D5.51 WOO7 42 30.12
WP313 WP IT4946.57N-0974700.39W | N 378298033 W 877850430 N37 49.778 WET 47157 NAT 49 46.57 WO97 47 08.28
WP321 WP 360012.21M-0974726.74W | M 33.0033011 W 07 TR0TR0D N32 00203 WOT 47 446 N33 00 12.21 W7 47 26.74
WP522 WP 374546.51M-0975203.10W | M 37 TA20185 W 07 8675200 N7 45 775 WOT 52.052 W37 45 46.51 W097 52 02.10
WPS24 WP I74027.48M-0975315.62W | M 37 6742855 W ST AETETI4 N37 40 453 WET 53.260 N3T 40 27.48 WO97 53 15.62
WPS27 WP ¥ | 374457 00M-DOT4551.24W | M 37 7430540 W 07 7642320 N7 44 B33 WO7 45.854 NAT 44 52.00 W97 45 51.24
WPS528 WP ¥ | 375437 47M-0974837.02W | M 37.0104000 W 07 3075046 N37 54 625 WOT 48.450 W37 54 37.47 WO97 48 27.02
WP523 WP ¥ | 375414.00M-0974856.18W | M 37.0039145 W 07 TEZZ6E0 WOT 45.035 NaT 54 14.00 W07 46 56.18
No FAA checks included.
No TERPS Surfaces included.
Database Effective Dates
Database Date
NFDC 10/20/2011
JEPPESEN HiA
FP_OFFLINE A
AVNIZ 12152011
benefits NIA
NACO A

AppC-2.3 — Approaches

(1)

(2)

**x
*
*

* *
* ok

*
*

Table 3: Arrival waypoints

Three approaches are provided to assess avionics guidance capability through a series of RF leg approach
designs. These templates are acceptable for demonstrating the aircraft’s capability to perform both
RNP AR and standard RNP APCH approach procedures.

As shown in Figure 5, Approach 1 is a teardrop procedure that incorporates a descending RF right turn
to final, rolling out at the final approach fix. Note that there is no straight segment 2 NM prior to the
final approach fix which will be stressing for RNP APCH final approach guidance due to the reduced
scaling transition from terminal mode to approach mode. This path requires the aircraft to descend,
decelerate, and then configure for landing all during the RF leg. The missed approach also contains an
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RF leg en route to the missed approach hold. Waypoint information is shown in Table 4 and vertical error

budget information is shown in Table 5.

PFAF7

DA 1775

WPSET ‘e

WWHSES

Figure 5: Approach 1

AL European Union Aviation Safety Agency. All rights reserved. ISO 9001 certified.
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Leg Table 1
L P - O QY R DU R N R
24 um k9 s cent [l s um
Segment | pype Start End Type | End |ATCEnd| EndAlt | Comp | Grad | Grad |ENSPd| comp | RHP Dir
Alt Alt Alt Spd
Intermediate | _IF WPssS WP5ss FB | 10128 10129.22] 0.0 2000 | 1.0
Intermediate | TF WPssS WP55T FB | 6235 622610 1650 | 1.0 | LEFT
Final RF WPssT PFAFT FB | 72 622610 1650 | 03 | RIGHT
Final TF PFAFT KNUT:RWITAER | FB | 1580 1660.00 1650 | 0.3
Missed TF DAATTS WPsst FB8 4327.40 2650 | 1.0 | RIGHT
Missed RF WessT WPs62 FB8 4873.04 2650 | 1.0 | RIGHT
Missed TF WPss2 WP5ES FB 651,69 2650 | 1.0
Missed HM WesEs WPsES FB8 £690.33 2650 | 1.0 | RIGHT
Leg Table 2
RFEFlyby
Leg Leg Start | End RF/Fiyby RFLeg
Segment T'-eﬂ Start End P‘“‘ Length | Length | Course | Course g"l’“m Leg g“"}( Tailwind | Arc
ype YPE | (M) FT Magnetic | Magnetic| “"9™€ | padius A:“!e Center
Intermediate | IF WP555 Wesss FB_ | 000 0.00000
Intermediate | TF WE555 WPSST FB_ | 1558 | 94644.27202 | 26404 | 25384
Final RF WES5T PFAFT FB | 962 | 5842748126 | 26386 | 131.96 | 22810 | 24156 | 19.95 | 6935 | wessa
Final TF FFAFT KHUTRWIZAER | FB | 500 | 3038067743 | 12196 | 132.00 | 0.00 n:a 30,00
Missed TF DA1775 WPSET FB_ | 622 | 3174648819 | 12196 | 132.00
Missed RF WPSE! WPss2 FB | 630 | 3825673029 | 12200 | 22620 | 9420 | 36294 | 24.39 | 5665 | WPEed
Missed TF WES62 WPSES FB_ | 402 | 2440852927 | 22616 | 22612
Missed HM WPS65 WesEs FB | 4.02 | 24409.62027 | 22616
Waypoint Data
- Latitude Longitude Latitude Longitude Latitude Longitude
o8 Waypoint (Deg) ‘m;g) {Deg, Decimal Min) | _{Deg, Decimal Min} (D K §.85") (O W 5587}
FFAFT WP N 261261836 W 97.9417583 N2 £.171 W97 56,506 N33 08 1026 W97 56 20.33
WE555 WP N 26.0691650 W 976507673 N2E 4.150 W97 38,046 33 04 08.99 W97 39 02.76
WES57 WP N 26.0638301 W 97.9785143 N2 4.133 W97 58,771 N33 04 07.97 W97 58 46.25
WP559 WP N 26,1091356 W 97.9795413 N2E 6.551 W97 58,778 N33 06 33.07 W97 58 46.71
WESET WP N 26.0170377 W 97.5058367 N2E 1.022 W97 48,366 N33 01 0124 W97 48 21.37
WPS62 WP N 27.9237951 W 97.5164481 Na7 65,423 W97 48,967 37 56 26.66 W97 48 59.21
WES6T WP N 27,9747 W 97.3658231 Na7 58.456 W97 51,856 H37 56 2737 W97 51 67.32
WES65 WP N 27 5B26551 W 97.5832385 Na7 52.959 W97 52,994 37 62 6767 W97 52 59.66
LAT LON
LTP/FTP N33 04 27.15 W097 52 15.90
Runway True Bearin 138.00
FAF Altitude 6235.10
LTP/FTP Elevation 1525.00
TCH 55.00
Glidepath Angle 3.00
GPI 1049.46
£3508.07 Feet
FAF Distance From LTP/FTP
14.62 NM
LAT LON
PFAF N33 04 07.97 YW097 58 456.25
RNAYV (RNP)Z RwW13 Page 3002

Created : FriJan 06 0%:13:34 EST 2012 in TARGETS vTARGETS 4.8 Beta 01/06:2012 {r23735), NACO effective date 1003
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Table 4: Approach 1 waypoint information
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RNP Value 0.30 Max Glidepath Angle 3.50
LTP MSL Elevatich 1525.00 PFAF Elevation 6235.10
Distance (ft) LTP to PFAF £8808.07 LTP Elevatich 1525.0
MSL PFAF Altitude 6235.10 ACT 0.00
Glidepath Angle 3.00
TCH 55.00 Min Glidepath Angle 3.10
Delta I1SA {dISA) 0.00 NA Below 11.95 (C} 53.51 [F)
Semispan 181.00 NA Above 46.85 [C}) 116.32 {F]
Dist [ft} LTP to OCS ORIGIN 3324.78
OCS Slope frun:rise) 19.15:1
VEB ROC & PFAF 72.14
Error Compohents {Enter Bank Angle, WPR., FTE. and ATIS values below] @ 250 ft & PFAF
ISAD (dh x dISA)/288 + dISA - 0.5 x 00198 x [dh+h]) 0.00 0.00
BG 40.48 |semispan X sin (Bank Angle} 40.48 40.48
ANPE 1.225 X rhp X tan{a) 117.03 117.03
VAE D ¥ (tan{a) -tan{a - .01}} D=250/tan{a} 0.83 15.73
WFR 60.00 |WPR X tanta) 3.14 3.14
FTE 75.00 75.00 75.00
ASE -3.8x 10”8 x (h + D x tan{a)}*2 + 6.5 x 10"-3 x {h + D x tan{a)j + 50 61.26 87.11
ATIS 20.00 20.00 20.00

(3)

**x
*
*

*
*

* *
* ok

Table 5: Approach 1 vertical error budget (VEB)

Approach 2, as shown in Figure 6, is also a descending right turn to final but has a series of four RF legs
with differing radii. Similar to Approach 1 in Figure 5, this path will require the aircraft to descend and
decelerate during the RF leg. Waypoint information is shown in Table 6 and vertical error budget
information is included in Table 7.
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Figure 6: Approach 2
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Leg Table 1

L Tum | Pah | Obes | Max | Radue | Descent| Climb R T
24 um k9 s cent [l s um
Segment | qupe Saart End Type | End |ATCEnd| EndAtt | Comp | Grad | Grad |EMA5Pd| comp | RHP Dir
Alt Al Alt spd
Intermediate | _IF weart WeTt FB_| 12677 12676.93]__ 0.0 3000 | 1.0
Intermediate | TF weart WE363 FB | 10009 100092 3000 | 1.0 | RIGHT
Intermediate | RF weasg We3ss FB | 6044 10009.28 3000 | 1.0 | RIGHT
Intermediate | RF weass WE363 FB | 6459 B043.55 2600 | 1.0 | RIGHT
Intermediate | RF we363 WE3E1 FB | 6486 6499.25 2600 | 1.0 | RIGHT
Intermediate | RF weass WP3B0 FB | 3672 5456.00 2500 | 1.0 | RIGHT
Intermediate | _TF we3sg PFAFS FB_ | 3172 3172.36 1650 | 1.0 | RIGHT
Final TF PFAFS KHULRWILAER | FB | 1580 156000 1650 | 0.3
Missed TF DA1TTS WETa FB 531204 2650 | 1.0
Missed HM we3r3 weT3 FB 3725.00 2650 | 1.0 | RIGHT
Leg Table 2
RF/Fiyby
L Start | End RFIFI RF L
Segment T'-eg start End P‘“‘ Lemgh Lﬁ?m Courze | Course gﬁ“m {Fixby g“"; Tailwind | - Arc?
ype LU T ) FT) Magnetic | Magnetic| “"™€ | Radius Ar‘:“!e Center
Intermediate | IF WP3TY weart FB_ | 000 0.00000
Intermediate | TF WeaTt Weasg FB | 1057 | 64836.81202 | 22380 | 233.70
Intermediate | RF WP359 weass FB | 766 | 47776.01926 | 22370 | 203.50 | 69.59 | 7.6100 | 19.36 | 66.62 | WP3TD
Intermediate | RF WP3ss weas3 FB | 648 | 37533.45066 | 26260 | 35338 | 6976 | 50700 | 19.65 | 6292 | WP3GE
Intermediate | RF WP weast FB | 405 | 24526.59076 | 353236 | 4216 | 4B.51 | 47600 | 1979 | 69.67 | wP3sd
Intermediate | RF WP3T weas0 FB | 725 | 4407945700 | 4216 | 13237 | 90.05 | 46200 | 19.65 | 67.86 | wPias
Intermediate | TF WP3E0 PFAFS FB | 200 | 1215223007 | 13222 | 13233 | 002 nia 30,00
Final TF PFAFS KHUT.RWILAER | FB | 500 | 30380.67743 | 12223 | 132.38 | 148 n'a 30.00
Missed TF DA1775 wear3 FB | 747 | 43590.52364 | 12107 | 13114
Missed HM WP3T3 wear3 FB | 400 | 24304.48194 | 13147
Waypoint Data
- Latitude Longitude Latitude Longitude Latitude Longitude
0B Waypaint tDeg) i {Deg, Decimal Min} | {Deg, Deimal Min} (D" W §.22") ("W Sas7)
PEAFS WP N 38.,1264523 W 37.3413803 N3 8187 W7 56,483 N3 08 11.23 W97 56 28.97
WPI80 WP N 361613379 W 97.9685336 N3E 9,650 W97 58,172 33 09 40,62 W97 56 10.32
WPIET WP N 361673998 W 931073660 N3E 10.044 W95 5.441 M35 10 02.64 WO9E 06 26.45
WPIg2 WP N 38, 1099519 W 980423787 N2E 6597 W93 2,537 N33 06 35,63 W98 02 22.11
WPIE3 WP N 361073593 W 931408183 N3E 6.442 W93 5.443 133 06 26.50 W98 OF 26.95
WPIE4 WP N 381052105 W 980403093 N3E 6.493 W93 2.413 33 06 79.56 W98 02 25.11
WP365 WP N 360285723 W 93.0686813 N3E 1.714 W93 4,180 N33 01 42,86 W98 04 10.78
WPI66 WP N 361052529 W 98.0337835 N3E 6.496 W93 2,026 N33 06 29.75 W98 02 01,55
WPI63 WP N 36.0510922 W 379138308 N3E 2086 W97 54,830 N3 03 03,93 W97 54 49.73
WPITo WP N 361456107 W 930154554 N3E £.797 W93 0.988 33 08 4780 W98 00 £9.25
WPITT WP N 38.,1651249 W 977410454 N3 9.957 W97 44,511 33 09 68.05 W97 44 30.64
WPITI WP N 379941400 W 97.7786721 N37 53.543 W97 46,800 37 59 38.90 W97 46 26,02
LAT LON
LTR/FTP N38 04 27.15 W87 52 15.80
Runway True Bearing 138.00
FAF Altitude 2172.38
LTP/FTP Elevaticn 1525.00
TCH 55.00
Glidepath Angle 3.00
GPI 1043.46
. 30380.58 Feet
FAF Distance From LTP/FTP
5.00 NM
LAT LON
PFAF N38 02 11.22 W097 56 28.97

**
*
*

*

* *
* ok
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RENP Yalue 0.30 Max Glidepath Angle 3.50
LTP MSL Elevatich 1525.00 PFAF Elevatich 3172.36
Distance (ft) LTP to PFAF 30380.58 LTP Elevatich 1525.0
MSL PFAF Altitude 3172.36 ACT 0.00
Glidepath Angle 3.00
TCH 55.00 Min Glidepath Angle 3.10
Delta ISA (dISA) 0.00 NA Below 11.85 (C} 53.51 (F)
Semispan 131.00 NA Above 45.68 [C} 114.23 {F)
Dist {ft) LTP to QCS QRIGIN 3324.90
OCS Slepe (run:rise) 19.15:1
VEB ROC @) PFAF 216.86
Error Components {Enter Bank Angle, WFR, FTE. and ATIS values below) & 250 ft i PEAF
ISAD (dh ¥ dISA)288 + dISA - 0.5 % .00198 x [dh+h]) 0.00 Q.00
BG |sen‘|ispan X sin {(Bank Angle} 25.00 25.00
ANPE 1.225 X rnp ¥ tan{aj 117.03 117.03
YAE D ¥ {tania} - tan{a - .01)} D=250/tan{a} 0.83 5.50
WPR |WPR X tanfa) 3.14 3.14
FTE 75.00 75.00
ASE 8.8 x10*-8x (h + O x tanfa)}*2 + 6.5 x 10*-3 x (h + D x tan(a)j + 50 61.26 89.73
ATIS 20.00 20.00

(4)

Table 7: Approach 2 vertical error budget (VEB)

Approach 3 is shown in Figure 7. This procedure uses an RF leg early in the procedure followed by a brief
straight segment, then two back-to-back RF legs with a turn direction reversal. The second RF leg
terminates at the final approach fix. As on the other approaches, the aircraft will be required to descend,
decelerate, and configure for landing during the series of RF legs. The missed approach also includes an
RF leg to the missed approach hold. Waypoint information is shown in Table 8 and vertical error budget
information is included in Table 9.

**x
*
*

*
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* *
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Figure 7: Approach 3
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Leg Table 1
L Tum | Pah | Obes | Max | Rdis | Descent| climb Radns T
g um % ({13 Cent [ ({13 um
Segment | pope Start End Type | End |ATC End| EndAlt | Comp | Grad | Grad |EMGSPd| ‘comp | RHP Dir
Alt Alt Alt Spd
Intermediate | IF WEEIT WPE3T FB | 10584 10663.57| 0.0 200.0 | 1.0
Intermediate | TF WesIT WP535 FB | 8641 864147 250.0 | 1.0 | RIGHT
Intermediate | RF We535 Wrs14 FB | 7182 64147 2600 | 1.0 | RIGHT
Intermediate | TF WPs2 W53z FB | 193 619256 250.0 | 1.0 | RIGHT
Intsrmediate | RF WPs32 Wri2s FB | 4837 192,56 250.0 | 1.0 | RIGHT
Intermediate | RF we32s PFAF4 FB_ | 62 497679 260.0 | 1.0 | LEFT
Final TF FFAFE HHUT:RWITLAER FB_| 1570 1570.00 1650 | 0.3
Missed TF DA 1765 wosTt FB 261500 2650 | 0.5 | LEFT
Missed RF WPsT1 WwrsT2 FB BE26.36 2650 | 1.0 | LEFT
Missed TF WpsT2 wrTat FB 1085465 2650 | 1.0 | LEFT
Missed HM we74t werat FB 1217285 2650 | 1.0 | RIGHT
Leg Table 2
RF{F|
Leg Tum | Leg Leg Start Ed | course | RPFivby [REFBDY| | ppjeg
Segment T Start End T Lenﬂh Le Course | Course Change Ls.ig Bank Tailwind Arc
¥pe YPE | (M) (F Magnetic | Magnetic NIE | Radius Ange Center
Intermediate | _IF WPs17 Wesar FB 000 0.00000
Intermediate | TF WP537 WP535 FB 777 | 4720170006 | 27EE2 | 278,72
Intermediate | RF WPs15 Wps2e FB BE0 | 3521494460 | 27872 | 34236 | 6254 | 52920 | 19.55 | 6411 | WPSIS
Intermediate | _TF WP524 Wps12 FB 400 | 2430446194 | 34226 | 34235
Intermediate | RF W51z wez2s FB 502 | 3052094148 | 34225 | 4336 | 6000 | 47960 | 19.44 | 5926 | WPs3a
Intermediate | RF WPi25 FFAFE FB 740 | 432652467 | 42.26 | 3124 | Be.os | 45308 | 19.67 | s677 | wean
Final TF PFAFE KHUT.RWITAER | FB 500 | 3038057742 | 21221 | 3237 | 0.00 nia 30,00
Missed TF DA 1785 wesT1 FB 180 | 1093700767 | 21231 | 1328
Missed RF WPsTt wps72 FB_ | 1264 | 8280471614 | 21229 | 13302 | 17927 | 43623 | 2499 | 6390 | WP743
Missed TF WPs72 weTst FB 464 | 2817246233 | 13202 | 13308
Missed HM WPTst WweT41 FB 464 | 2817245233 | 13302
Waypoint Data
- Latitude Longituda Latitude Longituda Latitude Longituda
o8 Waypaint (Deg) O{gég_} {Deg, Decimal Minj | {Deg, Decimal Min} (D° W* §.25") D° M S.55")
BFAFE WP N 379975785 W 977847137 N37 63,355 W7 47.083 N37 59 6128 W7 47 04.57
WP325 WP N 275911130 W 97.7934249 N37 53,467 WO7 47,545 N37 63 2002 W7 47 22.73
WPSIt WP N 279473859 W 97.8558480 N37 66,343 WIT 51,361 M37 56 60,59 W87 51 21.05
WP512 WP N 278151083 W 97.5240457 N37 43.308 WOT 49,443 N37 48 5439 W7 49 26.58
WP523 WP N 27 5213847 W 97.7263214 N37 43.332 WI7 43,613 N37 49 62,91 W87 47 20.30
WP524 WP N 377497614 W 97.8069336 N37 44.336 WI7 48415 N37 44 59,14 W8T 45 24.98
WP515 WP N 27 6831652 W 977273613 N37 40.390 WIT 43,642 N37 40 63,29 W87 47 28.50
WP516 WP N 27 7674351 W 97.6904548 N37 46,048 W97 41,868 N37 46 02,77 W87 41 58.07
WP517 WP N 27 6501154 W 97.5606046 N37 20,007 WIT 34,181 N37 39 0042 W07 34 10.36
WPST! WP N 260748550 W 97.8715605 N3E 4.479 W07 53,304 N33 04 2876 W87 52 17.61
WP572 WP N 379734395 W 980097230 N37 53,710 W33 0,503 N37 58 42,60 WOSE 00 25,00
WPTLt WP N 27 9200757 W 07.3456813 N37 65,205 WO7 56,741 H37 66 12,27 W7 56 44.45
WPT42 WP N 260262093 W 97.3402649 N3E 1573 W97 E6.415 N3G 01 3426 W7 56 24.92
LAT LON
LTP/FTP N3B 03 35.48 W087 51 17.61
Runway True Bearing 318.00
FAF Altitude 3162.36
LTP/FTP Elevation 1515.00
TCH 55.00
Glidepath Angle 3.00
GPI 1043.46
30280.58 Feet
FAF Distance From LTP/FTP
5.00 NM
LAT LON
PFAF N37 59 51.28 WO097 47 04.97
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*
*

*

* *
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RNP Value 0.30 Max Glidepath Angle 3.50
LTP MSL Elevatich 1515.00 PFAF Elevatich 3162.26
Distance ift} LTP to PFAF 30380.58 LTP Elevation 1515.0
MSL FFAF Altitude 3162.36 ACT 0.00
Glidepath Angle 3.00
TCH 55.00 Min Glidepath Angle 3.10
Delta ISA {dISA) 0.00 NA Below 11.97 (€} 53.55 [F)
Semispan 131.00 NA Above 45.70 [C}) 114.27 {F)
Dist {ft} LTP to OCS ORIGIN 3324.27
OCS Slepe {run:rise) 19.15:1
VEB ROC § PFAF 216.83
Error Compahents {Enter Bank Angle, WPR, FTE. and ATIS values below) @ 250 ft & PFAF
ISAD (dh x dISA}288 + dISA - 0.5 x .00198 x [dh+h]) 0.00 0.00
BG 25.00 |semispan X sin (Bank Angle} 25.00 25.00
ANPE 1.225 x rhp % tan{a) 117.02 117.03
VAE D % (tan{aj - tan{a - .01)} D=250/an(a} 0.83 5.50
WPR 60.00 |WPR X tanta) 3.14 3.14
FTE 75.00 75.00 75.00
ASE -8.8 x10"-8 x th + Ot x tan{a}}*2 + 6.5 x 10*-3 x (h + D x tan(a}] + 50 61.20 69.68
ATIS 20.00 20.00 20.00

Table 9: Approach 3 vertical error budget (VEB)

AppD-3 — Test guide

(1)

(2)

(3)

AppD-3 provides guidance that may be used to conduct development and/or airworthiness RF leg testing
for new equipment hardware/software, or updates to existing equipment hardware/software. The
guidance is designed to be used together with the templates described in AppD-2 to create .‘FOR TEST
ONLY’ terminal area instrument procedures (departures, arrivals, and approaches). The intent of this
regimen is to provide a set of rigorous instrument procedures that the applicant can use to demonstrate
that the RF leg airworthiness approval criteria are met.

The test instrument procedures are designed and located at an aerodrome with an elevation of
approximately 1 500-ft MSL. The waypoint and navigation leg data is provided so that the procedures
can be ‘translated’ to another location suitable to the applicant. However, the new aerodrome elevation
should be within the range of 1 000—2 000-ft MSL to ensure that the designed turn radii and bank angles
do not change significantly (see AppD-1). The applicant will be required to obtain a navigation database
for their respective navigation system that contains the test procedures.

The information in the following paragraphs describes test conditions such as generic aircraft
performance parameters, desired atmospheric conditions, and considerations to assist the applicant
with creating a detailed test plan. Applicants are encouraged to use these recommended guidelines.
However, amendments may be made as required to accommodate unique equipment designs, test
environment, testing methods, or other considerations.

AppD-3.1 — Initial set-up

(1)

(2)

**

*
*

*
*

* *
* ok

Configure the aircraft for individual trials using two gross weight conditions:

(a) nominal heavy weight resulting in lower accelerations to climb speed and higher speeds on
approach;

(b) nominal light weight resulting in higher accelerations to climb speed and lower speeds on
approach.

The test should be performed in representative operational conditions in terms of speeds, flap, and gear
settings, etc.
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(3) Verify that a navigation database with the ‘FOR TEST ONLY’ terminal procedures is loaded in the RNP
system.

(4)  Verify that desired data parameters will be recorded (if data recording capability is available).

Note: In addition to the desired data parameters, the lateral path definition (desired path) and lateral path ‘cross-
track error’ (distance from the path’s centre line) should be included in the recorded data parameters to
monitor/review path maintenance performance.

(5) Configure the simulation, if practical, for trials using two atmospheric conditions:
(a) standard day, with standard lapse rate;
(b) 35 °C outside air temperature, with standard lapse rate.

(6) If practical, simulated wind direction should be set to a tailwind for each turn entry. Below 2 000-ft AGL,
the wind velocity should be fixed at 30 kt. At 2 000-ft AGL and above, the wind velocity in knots (Vikrw)
should be calculated as a function of the altitude in feet (A) in accordance with the formula:

If impractical (i.e. when the simulator cannot model variable winds and various levels), select the wind
direction and velocity that most effectively simulates the worst-case tailwind for the procedure.

AppD-3.2 — Airborne test conditions
(1) Record aircraft configuration:
(a)  verify that the simulation is ‘conformed’ with correct avionics hardware and software;
(b)  record aircraft performance parameters (gross weight, etc.);
(c)  record aircraft configuration and changes to the configuration (flap, gear, and thrust setting, etc.).

(2)  Select the procedure to be tested, load the procedure into the route of flight, and verify the procedure is
in the active route.

(3)  Ensure the correct RNP values correspond to the appropriate value for the respective route/procedure
segment.

(4) Engage lateral and vertical path guidance where applicable.

(5)  Engage autopilot/flight director (as soon as practical after take-off) and verify the autopilot/flight director
is providing guidance to the lateral path.

(6)  Fly the programmed route and observe that the lateral cross-track deviation does not exceed the FTE for
the respective RNP level as follows:

RNP FTE

1.0 0.5NM

0.3 0.25 NM with flight director / 0.125 NM with autopilot
<0.3 Agreed allowable FTE value to achieve TSE < 1 x RNP value

Table 10: FTE value versus RNP value

(7)  Perform steps (1) through (6) for each appropriate aircraft gross weight configuration and for each test
procedure.

**x
*
*
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European Union Aviation Safety Agency. All rights reserved. ISO 9001 certified.
Proprietary document. Copies are not controlled. Confirm revision status through the EASA intranet/internet. Page 76 of 78

*
*

An agency of the European Union



CS-ACNS Issue 2

Change Information

Subpart E — Others

SECTION 1 — TERRAIN AWARENESS AND WARNING SYSTEM (TAWS)

[...]

CS ACNS.E.TAWS.035 Aural and visual alerts
(See AMC1 ACNS.E.TAWS.035)
(a) The TAWS provides suitable aural and visual alerts for each of its functions.

(b)  Aural and visual alerts are initiated simultaneously, except when suppression of aural alerts is necessary
to protect pilots from nuisance aural alerting.

(c)  Each aural alert identifies the reason for the alert.

(d)  The system is capable of accepting and processing aeroplane performance related data or aeroplane
dynamic data and providing the capability to update aural and visual alerts at least once per second.

(e)  The aural and visual outputs areis compatible with the standard cockpit displays and auditory systems.

(f)  The visual display of alerting information is continuously displayed until the situation is no longer valid.
AMC1 ACNS.E.TAWS.035 Aural and visual alerts

(a)  The testing of the TAWS system integration within the aircraft should address the provision of the alerts
listed in Table 1 below. In addition to this minimum set, other implemented optional voice alerts should

be tested.
Alert Condition Caution Warning
[...] [...] [...]
Ground Proximity Excessive Glide |Visual Alert Visual Alert
Slope BIREIEEIRAIR Deviation Amber text message that is None required
Class A equipment obvious, concise, and must be Aural Alert

consistent with the Aural message

None Required
Aural Alert

‘Glide Slope’

[...] [...] [...]

TABLE 1: Visual and aural alerts
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TAWS INSTALLATIONS TESTING GUIDANCE MATERIAL

General Testing:

[...]

GPWS Testing:

(a)  Flight testing to verify the proper operation of Basic GPWS functions can be conducted in any area where
the terrain elevation is known to the flight crew. The following information provides an example of
guidance for conducting flight tests to verify the proper operation of each function.

[...]
(5)  Excessive Downward Deviation from an-HS-Glideslepe a glide slope or glide path. Fhis-test-should

(i) an ILS approach to verify the proper operation of the ILS glide slope input to TAWS;

(ii)  an RNP approach to LPV minima to verify the proper operation of the glide path input from
the GNSS receiver or FMS to the TAWS;

(ili) a GBAS approach to verify the proper operation of the GBAS glide path input to TAWS.
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