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Statement of Issue

* Mean chosen by Authorities to ensure
safe product design

* Increase complexity of regulatory
data structure (requirements,

+ Safety Standards interpretation, policies, industry

Increased standards)
e Structured Process ) _ _ .
Type | Complexity « Direct impact on design,
e Approved Organisation Certification | Uncertainties leadtime and cost/
a . : . .
« Taxonomy of requirements Regulation | How to help « Making correct design
e Semantic Network ontologies & Designers integrating regulatory

requirements

Inference | Certifiers?

Engine

* Underlying product structure * Ensuring completeness of the

compliance demonstration to
applicable requirements

/
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Opening Routes in the Regulatory Jungle

Increasing

International ICAO SARPs C .
JoA Sein omplexity
|
; ] e
Regulation ' \ . B v
(hard law) EASA Part 21 FAA Part 21 “FAR 27 FAR 29 .
| | | * Long lasting
Faceln | b history with
CS 27 S22 | contradictory
S J [ E— objectives
.'nterp.f'etative gl ICAO e T
Material AMC 27 AMC 2? DoC = _AC ?:Z B AC 129 Stab”lty Of the
o A'MCZD ETéO Other AC _ * framework
er .
I Ll
s EUROCAE _ ‘ . SAE RTCA Ability to cover
Standards Standards  Standards Innovations

while ensuring
safety
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Opening Routes in the Regulatory Jungle Wide

§29.901(a) For the purpose of this code, the powerplant installation

includes each part of the rotorcraft that... .
variety of

§29.21 Each i t of thi bpart

st be met at each appropriate purpose

§29.923(a) Each rotor drive
system and rotor control Definition
mechanism must be tested, as

prescribed in sub-paragraphs iE— s

b d f [ Verlflcatlon Condition combination of weight and CoG within the

(b) to (n) and (p), for at least requirement

200 hours ... range of loading conditions for which the

certification is requested
From

§29.605(a) The §29.321(a) The flight load factor prescriptive to
methods of Fabrication must be assumed to act normal

performance
based
requirements

fabrication used must | [{=le[ElTE=lapl=ly to the longitudinal axis ...

produce, consistently t
sound structure CS/FAR §
taxonomy

From rotorcraft

§29.1163(b) Electrical B e IR 329-1501(a) Each operating to part level
equipment subject of Installation requirement !|r?|tat|or'1 -~/ and oth;zr ;
arcing or sparking must requirement information necessary for safe .
be installed operation must be established Fr()m deS|g N to
manufacture,
Performance Design §29.675(a) Each control system must have stops Ope r’ation and

§29.863(a) In each area where flammable ‘ )
fluids or vapours might escape .../..., there requirement requirement
must be means to miniminse the probability
of ignition .../..., and the resulting hazards...

that postively limit the range of motion of the
pilot’s control

maintenance
AIRBUS
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Opening Routes in the Regulatory Jungle

Flight - Weight & CoG

A
: CS 29,45
Flight Performance e
ve
CS 29.51
¥ take-off data &F s 20.49
CS 29.53 g Hovering
Take-of f performance
performsance )
& 20.85 CS 29.59
ToP Take-of f Path CS 29.60
A Elevated heliport
CS 29.64 take-off path
Climb 4¥ &
CS 29.61 cS 29.¢
» Take-off Take-of f
29.65 ake -
E%A"D"‘EO . 4Ah distance CS 29.62
LT CS 29.67 CS 29.87 RTO
Clinb:QEX Height -
« selosiiy ¢s 29.75
A ¥
cS
Lar
¢S 29.77 2 3 ;
LOP cS 29.79 c{‘ﬂizr:’ ¢S 29.85
Landing . g Balked
distance landing
A4 <
Fig. 3. Flight Performance Requirement Network
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A complex
semantic

Many requirements
linked together with
associated:

- definitions (e.g.
TDP, T/O
distance),

assumptions (e.g.
normal piloting
skills),

conditions (e.g.
WAT)

discriminants (e.g.
Category, Weight,

P
) AIRBUS
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Regulation Ontologies and Inference Engine

Rotorcraft

sFuselage Structure eControl Systems Accommodations
eRotor Pylon Structure elLanding Gear eFire Protection
e Auxiliary Lifting Surfaces *Floats & Hulls eExternal Loads
*Rotors and Blades ePersonnel and Cargo *Miscellaneous

Structure

eEngine(s) *Cooling ePowerplant Fire Protection
eRotor Drive System(s) eInduction System

sFuel System eExhaust System

*Qil System eControls & Accessories

Powerplant

oFlight and Navigation Instruments eLights eData link Recorder

Equipment

sPowerplant Instruments eSafety equipment *Vibration Health Monitoring
eRadio-communication and *Vacuum System System

navigation eHydraulic System eEmergency Locator Transmitter
*Autopilot eProtective Breathing Equipment  ®lce Protection System
*Flight Director System «Cockpit Voice Recorder

oElectrical System Flight Data Recorder

eOperating limitations & Airworthiness
Instructions

e|nstructions for Continued

Enabling
product
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The
underlying
generic
product

- CS/FAR
requirements
applicable to an
implicit
conceptual
product

- A generic
product
breakdown
structure over
several levels

AIRBUS
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Generic
Conditions,
Parameters
and Areas

Regulation Ontologies and Inference Engine

Certification Weight & CoG Function & Design Aircrew Information
Flight Aspects (Performance, Materials & Fabrication Operating Limitations
Areas Handling Qualities) Methods Instruction for Continued
Operation Human Factors Aspects Airworthiness
Safety Aspects Vibration and Dynamic Placards & Markings
Noise
Fire Protection Airborne Electronic Hardware
Ice Protection Aspects
Flight Loads / Aerodynamic Security Protection

Strength (Static and Fatigue) Software Aspects C e rtlﬂ C at| on Ar eas:

- Linked to given
certification
requirements

Associate to a field
of knowledge

Configuration Key
Characteristics

Configuration
ETEINEE S
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Regulation Ontologies and Inference Engine

Link
between
concepts

Generic Certification

. . . Given Proof of 4
N7 Configuration Specification . 25
\Q’c} Arameters i Compliance %,é .
3 p requirements o . A close link
between
: Acceptable i
Given Product Certification p Authority,
Key A Means of Applicant
o rea o _ fedn
Characteristics S Compliance Organisation ’
g and
E: © - :
3 o N Organisation
% eneric 32 . ed by
© . . < Given Product ApproV
Configuration [
) Data
Library

" fiterthe __—
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Machine
Learning or
Logic
Knowledge ?

Regulation Ontologies and Inference Engine

Parametrized Model Based

Configuration Product Structure ﬁ Certification Program Skeleton * Needs: Prediction,

Parameters * » Applicable Requirements Traceabi”ty
Certification Basis Inference Engine * Affected Areas
y N * Means of Compliance ML based on
M statistical model
Rshed i) feeded by past

data

Logic Knowledge
Inference Engine
solving request by
unification of rules
and knowledge
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Use Case reasoning _
Rotorcraft Ontology Backing E I e Ct rl Ca I

A
‘Electrical Generation

G, Generation

‘Required system’

Premisses A C l L) f- t-
Certification Scope=="Electrical Generation System’ \—> FAR/CS 29.1309(b) applies e I I Ca I O n

SubGoal Goal

.—> FAR/CS 29.1309(b)(2 li

(Weight > 9 072 kg) == false o) (BN apphes

SubGoal

m —p Category A for SubPart F S .t 0
(Passenger Seats = 10) == tiue h U CceSS Crl e rl a .
FAR/CS 29.1309(b)
FAR/CS 29.1(e) belongs to SubPart F Warrant
Find §1309(b)(2)
Warrant

/* fact base 1: Configuration Parameters*/

isConfigurationParameter ('Certification Basis' ,) o H 1 60 = Cat A&B
isConfigurationParameter ('Weight >= 9 072 kg' fFALSEY) . Large Rotorcraft

isConfigurationParameter ('Passenger Seats >=£10',['TRUE]) .
isConfigurationParameter ('Certification Sg:e‘pe‘,[',Electrical Generation System']) .

/* fact base 2: System Architecture En {ties _'/ EIeCtricaI
/* contains relationships: */ .
iSRotorcr_aftPart(fElectrical Genera}e’ion System'}, Generatlon System

[[Normal Generation'| *Emgfgency Generation','Provisions for External Power']). .
= required

/* is-kind-of relationships */
isRotorcraftPartKind ([[Gehera¥ing System'|.[Required equipmentd) ... eqU|pme t

isRotorcraftPartKind ([ Normal Géneration'),[Generating System') .

/* rule CS 29.1(e) */
( Weight = [FALSE', Sea¥:

/* fact base 3: Certification Specification- Items *} B X{
isCS29FReq('CS 29'/'F: Equipment';'CS 29.1309(b) (1)', "Required equipment', 'B').

1sC829FReq ([CS 29'), 'F: Equipment',[CS 29.1309 (b) (2) ], [Required equipment, 'B').

10 Nov 2023 Cs 29.1309 (b) (2) 8 Ellidis AIRBUS

elligiss.com

= fTROEY ) -> ( cat® = ['C','D\,'E','H'], CatB = ['B','G'] )
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Conclusion, Expected Benefits and Future Work

1

Conclusion

Feasibility to support Certifier/Designer thanks to the creation of a CS/FAR ontology and rules

Selected of the Al-LKB Inference Engine technology adapted to the need (trustworthy prediction of
applicable requirements and Means of Compliance)

Expected Benefits

More robust certification inputs to development and reduction of likelihood for unidentified non
compliance (and therefore EASA Level of Involvement),

Better efficiency, Time and cost saving, Competence and knowledge capitalization

Future Work

Continue developing the ontology classes and inference rules to the complete requlatory material
scope (CS, AC/AMC/Standards)

Use Machine Learning to populate and infer ontology instances

Develop a verification strategy to ensure a high level of trustworthy

Nov 2023 AIRBUS
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Conclusion, Expected Benefits and Future Work

= Future Work (cont’)
- Integration in tools used for development or certification

= EASA/Industry digital framework project co-financed by EU/Clean Aviation and involving through the
SAB AG.002 more than 60 participants from 35 companies representing all sectors

RUIemakmg process Within Rulemaking process

« Easy access in a standardized way to regulatory materials
StandardDesien  Accounting for VA regulation

Organisations

SUPPLIERS

Project Pre- Certify

( design, Design
PT/
DIUST/ |
TRANSPOSE

E-
g
=)
::%z

?

DIGITAL FRAMEWORK

POl

Within Certification process

» Improvement of cert plan acceptance to go directly to
pertinent information through structured / standardized data

» Coordinated programme management with more
connection auth / applicant: planning, meeting organization,
indicators

» Ease the workflow for compliance data comment and

N\
. ctsceniﬂcation
Réview and approval
: acceptance

* Move from review of compliance document to compliance

j\J o ts .
\ — data review
S * prepare future use of digital assistant in certification
conecerto Certification process
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WORKFLOW
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" OEM /TG Holder

PROJECT MANAGEMENT |

IMPORT /
INTERFACE

r ADAPT /
|| ADJUST/ PROCESSES, STANDARD, MODELS,
TRANSPOSE TOOLS

¥

Desig
requiremeyits
| managemept

PROJECT MANAGEMENT

]

Cert Plan

Project Pre-dejgn, ¥ Model based

Desig;

Means of compliance

EXPORT /
INTERFACE

WORKFLOW

»  documents

STANDARDISATION
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Thank you for attention

Questions?
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