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Impact of Al/ML on Aviation

EASA Artificial Intelligence Roadmap 2.0: Human-centric approach
to Al in aviation (May 2023)

“Al, and more specifically the ML field of Al, is bringing an enormous potential for developing
applications that would not have been possible with the development techniques that have
been used so far.

“Al could also be used in nearly any application that implies mathematical optimization
problems, removing the need for analysis of all possible combinations of associated
parameter values and logical conditions. Typical applications of ML could be flight control laws
optimization, sensor calibration, fuel tank quantity evaluation, icing detection and many more
to come.”
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The (SysML v2 ®)
MBSE Methodology
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The Three Requirements for Doing MBSE Effectively
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«requirement defs
'MBSE Execution Requirements’

documentotion

MBSE practitioners shall make the following selections as part of project pre-planning.

f «requirements

‘Select Architecture Modeling Language®

documentation
MBSE practioners shall select a
descriptive modeling language suitable
for capturing the system architecture.

srequirements
‘Select Architecture Modeling Tool'

ssatisfys

4b «items

'OMG (R) SysML v2'

documentation
MBSE practitioners shall select a
descriptive modeling tool compatible with
the selected modeling language.

N
asatisfy»

I

4D siteme

'‘Ansys SAM'

¢

2 arequirements
‘Select a MBSE Methodology'

documentation
MBSE practitioners shall select an
MBSE methodology to guide the
development of the architecture
model which is compatible with the
selected modeling language and
supported by the selected modeling
tool.

«satisfys

ziteme
'‘Ansys MBSE Methodology'
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Our MBSE Methodology is Built on Four Pillars

'The Ansys MBSE Methodology'

-
|
| dependency
\
|
|
- «action»
'Develop System’
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«action»
"Support and Oversee Systems Engineering Processes’

:"\
|

|

| dependency
|

|

J

«action»
'Implement Digital Engineering

Principles’
dependency dependency

e

— — — — — P w— — —
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dependency

A
\

«3ction»
‘Anazlyze System Architecture’



MBSE is SE and Usually comes with a V-cycle

-\ V4
[ Cb «actions F? ‘
'Develop System’ ‘
. «action» F? 4 . )
‘ 'Define Sakeholder Needs' ‘ C::) T ¢.a:t|o¢;;t ' F? l
J ransition Sytem
| y 4
«action» Fb ' ‘ Cb «actions =
'Analyze System Requirements' "Validate System’
«3ction» =4 % . ‘
'Design System Architecture’ < , t.actuon: ; FD
‘ Verify System
. C:D eactions -~ [ (':) «action» ~
'Implement System’ ‘ el ‘

\/
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...which for Machine Learning Components has Evolved
into a W-cycle

L N V4
‘ C::J «action»

'Develop s Machine Learning Component (MLC)'

\ /

- «actions F> ‘ xaction» FO

‘Manage MLC Requirements’ Verify Requirements'

\ /

(*j «action» F‘.)

{

‘action» P - " - '’
'"Perform Dats Management' . Verify Data
[;) ' lactictn» ' FQ C:j . cacti.on» ' P ‘ @ . «action» '
Manage Learning Process "Verify Learning Process "Verify Inference Model
«action» - . .
| - actiens — eactions = Source: EASA Concept Paper:

"Implement MLC' First Usable Guidance for
Level 1 & 2 Machine Learning
v Applications
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Based on Digital Engineering Practices, System
Analyses are Performed to Support Development

C:g «actions FD
'‘Analyze System Architecture’
T I |
* . s - X :
( - «xaction» F:Q LT) ' «action» . ' FD - «3ction» FD
‘Analyze System Performance Through Simulation’ Ensure System Compliance '‘Analyze System Software'
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The Phases of a Method for Implementing the
Al/ML W-cycle
&S
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«action defs
'Develop the ML-based System'

v

- xaction» A «actions L:_I zactions
'Define the CONOPS and the —_— * ‘Reference the Applicable > ‘Define the Digital
System Requirements' Guidance' Environement’
- «action» () «actions () «actions
‘Design the System = 5 'Define the Operational Design  — = 'Perform the System Safety
Architecture' Domain' Assessment’

V

e g () saction»
- «actions ¥
Implement and Evaluate

=
“Train and £ ‘
el —————————  the Appication Software'

Machine Learning
Component'
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Al-Enhanced Autonomous
F16 Formation Flying
Use Case
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Wy

Define the CONOPS
and the Requirements
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«3ction»

'Define the CONOPS and the System Requirements'

-

- «action»
'Define the CONOPS'
- ) «action»
. 2

'Define the Use Cases'

( ';') «action»
"'Define the System Function'

!

«sction»
'Define theRequirements'

-
-

«action»
Define the System Requirements'

R

- «action»
737 » - 2
Define the Environmental
Conditions'

& .

- «3ction»

T 1 . 2 -
Define the Functionsl

Requirements'
&

- «action»
'Beﬁne the Safety Requirements’

;‘*j «x3ction»

v, 8
Define the Performance
Requirements’
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"CONOPS” Facilitates Common Understanding of the
Future System

o se
‘Perform a Safe Formation Flight'
D «part
'F16 Fol r Aircra
strudt
O cpart
'Al/ML-based Agi
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If a Picture is Worth a Thousand Words...
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Define the System Function and the Requirements

ntended Function

F-16 formation flying (two aircraft) executing series of 90
degree turns at speed of 685 mph (Mach 0.9) with turning radius
of 5.550 ft (10 degrees/sec) at altitude of 25 K ft.

Functions already developed include:

Al-based perception software based on camera sensors for ego
F16 (using same methodology)

Function to be developed include
« Calculating position and orientation of lead F16

» Al-based automated ego F16 stick agent to achieve formation
flying objective (see KPI below)

Key Performance Indicator (KPI)

250ft < Aircraft proximity < 500ft
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Requirements include

System Requirements
Environmental Conditions
Functional Requirements
Safety Requirements

Performance Requirements

I > |ead

~ ego
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F16 Flight Dynamics : Turning Radius

Length: 47 feet 8 inches (14.52 m)

S . TURN PERFORMANCE AT 15000 FT ( 4572 m)
Height: 16 feet 5 inch 5.01
Wei;ﬁqspan: ;e feeltn 59.2?3 (m) m) F_1 6A Utilizing Maximum Afterburner (Wet) Power
BLK 15 FMS
Airspeed: 1,319 mph (2123 km/h) at 39, 870 ft : :
s bo0 o men ) " o gy 4y o - ,. Turning Radius of 5,500 ft

26 : i ffb"’/( \ =

Ceiling: 50,000 feet (15,420 m).

(Mach 0.9, 10 deg/s)

24 _‘4,< \\ :

22 4 i 50/ \ A v
Dersazomm fre w/ \ \
:; \\_ \

512 rds of 20 mm 20

50% internal Fuel = 3486 Ibs (1581 kg) 7
| Combat Weight = 20,875 Ibs (9469 kg) e L
I 4
o 16
W
<
I i 14
WING AREA ................ 300SqFt (28SqM) — ]
EMPTY WEIGHT............. 16131 Lbs (7317 Kg) = 24+ |
=z
Q@
pn}
—

INTERNAL FUEL ............1073 US Gal (4060 Liter) e
i 8972Lbs (3162 Kg) 1 7
TAKEOFF WEIGHT L
WITH (2) IR+ GUN.........24361 Lbs (11065 Kg) M i
|MAX EXTERNAL FUEL ...1465 US Gal (5545 Liter) 8 = 2
| 9522Lbs (4318 Kg) k- |
|COMBAT WEIGHT ......... 20875 Lbs (9469 Kg) 6 :> 15000] |
IMAX AB THRUST k N 2000 |
|AT SEA LEVEL  .........23744 Lbs (10770 Kg) 4 ! 2eood |
|(F100-PW-220NS}) 106 KN —~ o Soo0d |
MAX MIL PWR THRUST 5 = 40.00q |
AT SEA LEVEL ............. 14601 Lbs (6623 Kg) -7::2 F~= 50000
| 65 KN 5 | \ L
S R 114 s e o4 o 02 10 12 14 16
|COMBAT WING MACH NUMBER ;
LOADING ......cocooo..... 70 Lb/Sq Ft (340 Kg/Sq M 10'0 2(’)0 3’00 " : : 4 g T ,
MAX TOGW .................. 37500 Lbs (17010 Kg) 00 500 600 700 800 ‘
MAX SUBSONIC DSGN. CAL IBRATED AIRSPEED - KNOTS i
LOAD FACTOR.............. 9.3¢'s

FWS-4-99
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Reference the
Applicable Guidance
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% «action»
eference the Applicable Guidance'

- «action»
3

Identify Applicable Guidance’

o «action»

"for Concept Design’

|"L' «action»

'for Performance Criteria’

,A «action»
TI_J - -
for Safety Objectives

V

f':') «xaction»
'Create 3 Glossaryand 3
Bibliography'

+ -
- «3ction»

‘Make Assumptions and
Consolidate Requirements'
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Reference the Applicable Guidance

Identify Guidance

. Formation Flying
Operational Concept and
Performance

. Safety

Create a Glossary of
Terms and a
Bibliography

. (within the SysML v2 model)
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Operational Concept

Safety

N\ IVAO Special Operations Department
\ Standardization Agreement 7001
. (Formation Flying)

STANAG 7001

Formation Flying

Formation Turns

\/
HORIZON

SAE ARP4761

Guidelines & Methods
for Conducting the
Safety Assessment

SAE ARP4754

Development of Civil ——
Aircraft & Systems

SAE ARP6983

Guidelines and Process Standard for
Development and Certification / Approval
of Aeronautical Safety Related Products
Implementing Al

[
RTCA DO-254

Design Assurance
Guidance for Airborne
Electronics Hardware

I

RTCA DO-178C | \

RTCA DO-330

Software Considerations
in Airborne Systems
Certification

Software Tools
Qualification
Considerations
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Define the

Digital Environment
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«3ction»

'Define the Digital Environement'

~

() «action»
" 'Define the Safety Toolset'

-y «sction»
'Define the Safety
Assessement Tool'

«action»
'Define the Safety Caze
Tool'

l

f*j «action»
'Define the Simulation
Environment’

v

«action»
'Define the Al/ML Training
Environment'

|

e

C*;, «3ction»
'Define the Implemenation
Environment'
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Define the C
Implementing

0

¢

«part»
‘ansys medini analyze' : View Producer

items

[1.*] :>> consumedViews \_)
:>> producedView

W T

‘requirements & architacture'

M

‘requiremenst & architecture'

'safety assessment’

igital Engineering E
the W-cycle of Al/ML

«part def»
‘Digital Environment for Formation Flying System Engineering'

¢ ¢

scenario

‘results analytics' ’J;D
(_

«part»
‘Ansys DME (Digital Mission Engineering)' : View
Producer

nvironment for

-

et

«part» F) «part»

|
M

‘simulation results'

S

- «part»
‘Ansys medini Digital Safety Manager (DSM)' : ASoT

items

'Safety Case' [1.] :>> truth

>
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*Ansys System Architecture Modeler (SAM)' : ASoT ‘ "Ansys Autonomy Toolchain' : View Producer
items items
‘system architecture model' [*] :>> truth [1.*] :>> consumedViews
>> apiView >> producedView
— scenario | r
A 4 R ‘.. M structure out :>>api — r—)
&« out'>>api s a— L

step

g

\

«part»
'Ansys DME Test & Evaluation Toolkit' : View
Producer

«part»
‘Ansys DME Aviator Vehicle Dynamics' : View
Producer

D «part»

(4

‘Ansys AVx Sensors' : View Producer

'Ansys SCADE' : View Producer

LD «part»

e
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«part»
'OpenAl PPO' : View Producer

=%
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Design the

System Architecture
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C
.
'Design the Logical Architecturs'

«action»
'Dezign the System Architecture’

+ =
) «action»

- «action»

kTJ; - 1
Refine the System Design

-

( = ) «action»
'Design the Sub-systems’

I;:' «xaction»
Identify the Machine Learning
Components'
(’kj «sction»
T

'Desizgn the Interfaces’

v

iﬂLJ «action»
'Allocate Functions to the Architecture'

«action»
“to Traditionally Developped
Components’

O

«action»
'to Machine Learning
Components'
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Design the System Functional Architecture

Functional Architecture
. Perception Subsystem

. Al-enhanced Formation
Flying Subsystem

. Formation Flying
ML Component

. ODD and Output
monitoring

. Pilot as Back-up

2-6 July 2024

—

—

-

eparts

'Perception Subsystem’

in
‘Camera
Sensors’

out

‘Situational

Awarene:

in
‘Navigation
Data'

in
‘Communication
Data'

£
T T

in 'Formation
Flying Status'

in 'Situational
Awareness’

D :rp‘"ll in
‘Formation Flying
Management’

s’ Sy in
‘Situational
Awareness’

in
‘Automatic
Commands*

out 'Manual
Commands’

0

'F16 Pilot 6 X'

)

-
_-
- - #
-
- < &
_-
-
-
«parts Fg
in 'Stop Automated in'ML ,Im s
Formation Flying' Monitoring' Alerts
aparts
'F16 Aircraft'
structure
«parts
'Formation Flying System'
Structure
aparts

‘Al-enhanced Formation Flying Subsystem'

Structure

«parts
'Formation Flying -ML Component’

out "Stop Automated structure

Formation Flying'

‘Pllot of Follower

F16 Aircraft’

1 ‘3 «parts
wparts " " .
Formation Flying Machine Learning Component (MLC) )
'ODD Monitoring' I out 'Automatic
- striictiirel Commands'
in out ‘ D «parts . «parts «part» ) 1
‘Situational ‘Situational TP Pre-processing' = TNeural Network' = Post-processimg’  +—P———}—
Awareness' Awareness’ \ / \ / |
| out
"Situational
Ararmess* “parts \
'Formation Flying Controls Recording' <
Y
) in "ML Outputs’
in 'Situational )
«parts
Awarness + ‘ ine Monitoring’ —
oDD' Formation Flying Monitoring out "Status
- and Alerts'

out 'FCS
Commands'

in'FCS
Commands’

«parts
‘Flight Control System'




4 /
Traffic /~ 4« Lead 4 Traffic

P Ego

Define the Operational
Design Domain (ODD)
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('*j «action»

]
'Define the Operstional Design Domain’

C:g «action»

'Describe the System OD'
(fj «3ction»
'Define the Paramet
(’:“, «action»
'Describe th
Dependenc
C";j «3ction»
Identify Edge & Corner
Cases’
J
Cij «action»
'Describe the MLC ODD’
. )

LTJ «action»
Describe th
Dependencies

j; «xaction»
'Identify Edge & Corner
Cases’




Define the Operational Design Domain (ODD) and the
Parameters

ODD Analysis Operational Design Parameter Ranges and Distributions

Name Parameter type  Reference value Constant PDF Type Mean Std. Dev. CoV Distribution parameter

* Parameters Domain I VRN 0 | o
are defined M
c lati NO birdS 2 EgoRotationY Stochastic 0 m) | I UNIFORM 01 . A1e3u
* orrelations
are analyzed Flat terra|n 3 EgoRotationZ Stochastic 0 0 _/\ NORMAL ot o5 o
. Edge cases and Formation Merge and Flight ol i | i | S AN ol R
corner cases maneuvers 5 EgoPositionY Stochastic 50 O /\ BETA 5010 20 321115, 947214:2; 5

are |dent|f|ed 6 EgoPositionZ Stochastic 1 O NORMAL 0 50 10 050
Parameters i

7  LeadDirection Stochastic 0 a -/\ NORMAL 0 1 10, 01

Aircraft positions and

8 LeadDistance Stochastic 0 0 /\. BETA 34_. 135138 39 1101115, 94.7214; 2 5
orientations

9 LeadAltitudeDiff Stochastic 0 O _/\ NORMAL 0 10 10, 0;10

Aircraft trajectories .
UNIFORM

10 Time Stochastic 0 O 05 - 0208675 57 &1

Tlme Of day 11 FogVisibilityDistance ~ Stochastic 0 O /\ BETA 734.0- 159559 22. 10:10000; 5: 2
Visibility conditions oAty Sodesc |0 o e 5 Daas
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Perform the System
Safety Assessment

«3ction»
'Perform the System Safety Assessment’
cH «x3ction»
'Classify Impacts’

- .
() «action»

;;'erform PSSA

~ «xaction»
"Perform FHA

(j’] «action»
)
Perform HARA

v

«sction»
'Derive MLC Safety Reqs’

O
U

()  =action»
" 'Perform FTA'

|

- «action»
TXilocate 3 Safety Budget to the
MLC'

-
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Safety Assessment — Use a MBSE Approach

. medini analyze = a X

File Edit Diagram Project Traces Report Navigate Search Window Help
rl’ﬁm‘ d8HiocEcNAREND BGV- E’l Analysis
(%) Model Browser £2 . BlS ‘ ] ‘ & 1% ‘ o & = O |||lg System boundary and functions structuring - UC4 Maneuver planning ‘ﬂ% FCO003 - UC4 Maneuver planning &3 = g
P type filter text Tahoma 9 B 7| —=vA~vd~y sv|@|HvByievoy| o XN RE|[100% v 4% Palette b
v = UC4 Maneuver planning Mission Time (h): |1 Average Flight Time (h): |1 ’TF ® v
5] README.md (= CFT [to be removed] <
|£) LICENSE.txt
> [Z] Planning [1/44 checked] ¥ [FC003] CA Subsystem A Output Event
= - provides erroneous avoidance A Input Event
“?2‘ E‘_\SA Al Concept I-)aper.lssuez (open consultation) maneuver information “ectrace>., | <O [FC003-Rate] Erroneous AM info (rate) P
> (= Aircraft level considerations & 3 Output Group
v (= Functional and System Design S Input Group
> 22 Detect and Avoid System Functions E-FC003 L — - |
> 2] MALE UAV - UC4 - AIR6994 [SAM SysML v2] Q_avg=9.24381E-6 = FTA @
v (& Functional Hazard Assessment [E]Event
> & CoII!s!on Avo!dance Subsystem Guideword Analysis [€) Complex Event
> [ Collision Avoidance Subsystem FHA
> & Collections Rate target reduced to 1E-05/FH () OR Gate
> (= Cert Spec Links to account for contributions (") AND Gate
v (= Requirements outside of the subsystem £ XOR Gate
7= Aircraft level
(& Arcrait leve A NOT Gate
> (= Assumptions E155 N
> (= FHA Requirements QUavg=0.24381E-6 ) Voting Gate
v (= Preliminary System Safety Assessment / Connect
v (= FTA n
, Transfer Gate
> &) FCo01 &4
> 5:] FCO002 (= Traces @
v &) FCo03 /" Link with Trace
FC003
> [2 Fcoo3
> (€] [E-FC003] [FC003] CA Sub provides ... inf ion [1 trace]
> &) FC005
> &) FC006 MLC should send commands but BAC should send commands but
> 5:] FC007 does not correctly - alternatively does not correctly - MLC is no
> &) FCo09 Backup could send commands alternative
> &) FCo10
> ?MFE‘;O“ E150 E151
=4
avg=6.827833E-7 avg=8.99996E-6
> (= System Safety Assessment Qavg Qavg
> = CCA
> (& Reporting
> (& config Pl »
> = OLD - = = S = = T =
 Medini Staging Server [logged out] I Prop %\ B Op Catalogs| o= Outline s =
FC003
Diagram © Name: FC003
Base Description: a
Traces
Tags
Tags (Diagram)
Appearance .
2
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Perform the Preliminary Safety Assessment — FHA
and FTA

Allocation of target failure
rates per Hour of Flight

(FpH)

. Applies to electronics

. Applies to Machine Learning

Component
Backup
Machine Learning
Component
( M L C ) semnimomnds sent
M O n itori n g ] IDDD:ndOI'J:p"l:ﬂn:llto':le Backu p
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trye o |

Train and Validate
the Machine Learning

Component
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«3ction»
"Train and Evaluate the Machine Learning Component’
|¢ . «3ction» n
Define Scenarios

- «3ction»
'Define System Parameters’

+ .
«action»

TSe‘fint:- Environmemnt Parameters’

l

«3ction»
'Design and Train the Neural Network'

i

(e

C}T «action»
'‘Amalyze the ML Model’
4 -
G ) «sction»
'Analyze Sensitivity’
_L!

«action»
Analyze Stabiity and Robustness’
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The Scenario-based Evaluation Approach

'Scenario-based Approach for Safe Training and Validation'

O D D ;‘3 «action»

T
'Define the Operational Design
Domain’

'Identified
Scenaric?
WV Classes
. dy «g »
Log I Ca I h 'Define Lu‘:’,(l-:la:r;cenarius'
.
Scenarios
'Picked
Paramet
Values
/
H «actions
T'G eeeeee te Concre te Scenarios
Concrete
| ]
Scenarios
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Sensitivity

Analysis
Py
‘. EG»4& — . Scenarios
/ﬁ’ }'-;? {‘pf PR
A=k 1‘ yoo % 1 " 1
oy — \ ) 1
NCEER
Robustness \
AnalySiS Operational Design Domain
Full Domain
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cenario-based Evaluation — Reliability Analysis

'Scenario-based Approach for Safe Training and Validation'

% ; fe can
- «action» - «actions
’ ) : . -
'Define the Operational Design ‘Define Intended Function
Domain’
| |
'Identified
Scenan(.) 'Identified
W Classes \ failures'
* :
(= «action cH cactions
‘Define Logical Scenarios' " 'Define Performance and Safety
Criteria’
'Picked
Parameter
Values' \l/
_:_ «actions 'Concrete - el
'Generate Concrete Scenarios’ Scenarios' Perform Scenario-based Evaluation
—_— Sensitivity
Reliability
Robustness
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Reliability Analysis

Method : Adaptive Response Surface Method (ARSM)

Complete approximations : 3 /3
Selected data : 3. Approximation

Probability of Failure : 0
Standard deviation error : inf
Reliability Index : 10

Approximation errors : R2 / R2pred
lim_st_min_altitude: 1/ 0.809582

Number of designs
Total : 1000
Safe domain : 1000
Unsafe domain : 0
Failure strings : 0
Failed : 0

Minimum Altitude
00

200

150

150 200 250 300 350 400 450

KPI: Minimum Collision Distance

100

300 350 400

50 100 150 250
Target Altitude

Parameter range included Parameter range not included
in training dataset In training dataset
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Using the DME Tool Kit to Create Scenarios

File Edit View Git Project Build Debug Test Analyze Tools Extensions Window Help Search (Ctrl+Q) Pl AnD Solution ND -

= -8B 2 - Debug ~ x64 ~ App.Stk.ScenarioDumper - P Start - > - B R.E =% [ - & LiveShare &Y ADMIN
StkScenarioReader.cs + X ScenarioConfi..tDynamicsjson Program.cs ScenarioReader.cs Logic.cs lowexposure2.camera Form1l.cs Program.cs Program.cs S.CS Solution Explorer
[E#] App.Stk.ScenarioDumper - 03App‘Stk.ScenarioDumper.StkScenarioReader ~ g OpenNewBinaryFile() Ay o-st [ |- o K=t
objModelRoot = ne
En;c;allze(sce: h):
OpenNewBinaryFi ): . Aa EH «* Current document B &[5 Solution 'AnD Solution' (11 of 11 projects)
4 [ Application
ba App.AnD.FlightDynamicsWorldUpdater
ba App.AnD.ScenarioRunner
b - [E] App.AVx.BasicWorldUpdateCPP
o b &[] App.AVx.BasicWorldUpdater
i b & [c App.AVx.ShmSample
4 App.Stk.ScenarioDumper
b & & Properties
P &8 References
+ [ ANSYS.ico
84 App.config
+ [ Forml.cs
C# Program.cs
&Ly README.md
P +c# StkScenarioReader.cs
B3 Domain
b &[] Dom.AnD.FlightDynamics
b &[] Dom.AnD.ScenarioManager
ba Dom.AVx.Connection
B8 Foundation
B8 Infrastructure
ba Inf.AnD.Datamodel
ba Inf.AVx.Contracts
B uT

Lead Heading Chase Offset | Chase Offset
100% ~ @ No issues found Ln:95 Ch: 17 Lead Alt Change (Weave) Lead Mach # Chase Alt

Error Lis 25000 ft ! 25000 ft 130 deg 375 ft
Exte SoRerD B | [OWERE| A 0cftWarming | @ OMessges || RSN 25000 ft : 25000 ft -130 deg 375 ft
25000 ft . 25000 ft 140 deg 250 ft

25000 ft ! 25000 ft -140 deg 250 ft

25000 ft . 25000 ft 150 deg 500 ft

25000 ft . 25000 ft -150 deg 500 ft

22500 ft ! 22500 ft 160 deg 375t

22500 ft . 22500 ft -160 deg 375 ft

20000 ft . 20000 ft 170 deg 375 ft

trmarl et Outp 20000 ft ; 20000 ft -170 deg 375 ft
[] Build succeeded 2022R1_Clean ~ @ spbu-ai-gnc-demo

) . » ENG 553PM
L Type here to search i 1 | 4 oL : J : AL®zd P FR  4/7/2023 E7

e - A G t():
I.5TKObjects.AgStkObjec t(): v _nbScenario Search Solution Explorer (Ctrl+$)

Loading scenario C:\Users\ndalmass\source\repos\spbu-ai-gnc-demo\STK\F16_FormationFlying\F16_FormationFlying.sc

™ Code  Description Project




F16 Formation Flight Training Convergence
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ONNX is Used to Import the Trained Neural
Network into the Embedded Software Model

emm emm

B (64x16)
C (64)

B (64x16)
C (64)

Gemm
B (4x54)
C &)

1x4

B

name: extractor.policy_net.0.weight

category: Initializer

type: float32[64,16]

[
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©8.6751456260681152,
9.873012@7531826401,
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0
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extractor_value_net_0_weight ———7
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extractor_value_net_0_bizss ——— T

onnx::v16::Gemme<<B4, 185>

" Layers:TanH<<B4>>
floatp2 64

floatd2 "84
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8
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floatp2 64

float32 64

float3d "64 *4
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N floatad 4
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floatd2 *4 > 21
————->2

extractor_value_net_2_weight
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Iterating the
Al/ML Workflow
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Conclusions
and Future Work
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Conclusions and Future Work

 Al/ML is seen as a key-enabler of Autonomous functions.

- MBSE Methodology and Digital Engineering bring together all
Disciplines and Stakeholders in a well-defined digital environment that is
needed for developing safe Al/ML-based software.

« We will pursue our development of the Ansys MBSE Methodology,
enabling Doman Specific Methodologies (e.g., Autonomy in
Aeronautics, Autonomy in Automotive).

« Together with authorities, manufacturers, suppliers, and tool
vendors, we participate to the creation Al/ML-based Certification
standards (e.g., SAE ARP6983 in Aeronautics, ISO/PAS 8800 in
Automotive) to ensure the required level of safety of these applications.
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