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Refinement and interface differ

@ (52331 Control
” pitch angle

Dl pheta

= [SF2.3.4] Control
® roll angle

D= Pphi ‘r

[SF2.5.2]

@& compute

motor rate

Dl Mosior 4 raie

Dl Motor 1 rate

. Dl Motor 2 rate

Dl Motor 3 rate

Dl Motor 4 rate

A 5

@ [SF1.1.1] Control motor 1

D= Motor 1

D=l Motor 2 rate

@ [SF1.2.1] Control motor 2

Motor 3 rate

@& [SF1.3.1] Control motor 3

, W,

i

® [SF7.83] Compare drone motor consigns

) [SF1.4.1] Control motor 4

Dl Motor 1 rate
Dl Motor 2 rate

Dl Motor 2 rate

@) [SF7.4.4] Compare drone motor rate

Al rights reserved. Available under the terms of Creative Commons BY-SA 4.0.

for Architecture design {C} Diagram for Safety Analysis

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

Dl Motor 4 rate

@ [5F2:35] Control

yaw angle
D=l ppsi
[SF2.4.3] Select
® total thrust ————
consign | DeT

{C} Copyright (c) 2016-2018 IRT AESE. /

This diagram is used for: {c} Diagram

& "AIDASystem I | & *SF2 I3

v o

SF(‘-I\CPC molpositon ]
s tonConsiany
‘J

—
=

SF2.5 and its

context
seen from SA

)Attitude
e

(olDronePosition

Representation differs

Acquirepilotdrders

gufenltitudeConsign

_ContrelAltitude
\/‘n\ude >0

nsigns,muwe.gﬁgﬁawgag ns




SF2s andits What occurs ... atjabstraction level SF2.5and its
contex

seen from SE

contex
seen from SA

Refinement and interface differ |

%2 MDA | & *[PDFB] Functional Flaws SF25 Control thrust 3 & "AIDASystam 31 | & "SF2 33

cERiv|$ v m | A B @ Qe v

( \ Ouc;tcw Oiceed

)Attitude
e

@ [5F2:33] Control [SF2.5.1] [SF2.5.2] rC —
” pitch angle @ compute 3 @ compute  [3 2 @D [SF1.1.1] Control motor 1 ]
t thrust motor rate D= Motor 1 =
&P [SF1.2.1] Control motor 2 ]
@ [SF2:34] Control Bl Motor 2 rate -
? roll angle - @ [SF1.3.1] Control motor 3
T‘ WMotor 3 rate
I ) ) [SF1.4.1] Control motor 4 —— i
Bl Mosior 4 raie ~ @ [5F2:35] Control
> ) ) yaw angle e
. speedCansiar
Dl p3 @ [5F7.2] Compare drone motor consigns : ) D=l ppsi \———eD
. DSl Moter 1 rate -
= —_— [SF2.43] Select
—— Lo sl e @ total thrust —
Dl pg Dl Motor 3 rate consign | DeT
| Dl Motor 4 rate ) |
DetectConyolDronePosition
o —
W [SF7.4.4] Compare drone motor rate
Dl Motor 1 rate >0l
Dl Motor 2 rate cquirePlorders SF241_CompufeAttitudeConsign >0l
D=l Motor 3 rate (*) >0
Dl Moter 4 rate
\ll rights reserved. failable under the terms of Creative Commons BY-SA 4.0. {C} Copyright (c) 2016-2018 IRT AESE. /
or Architecture dedlin {C} Diagram for Safety Analysis This diagram is used for: {c} Diagram nsigns,mmuwe.ﬂmﬁwtm“E

Context differs |

FRENCH
INSTITUTES OF
TECHNOLOGY

Representation differs
|




SF2.5 and its What occurs ... atjabstraction level SF2.5and its
context context

seen from SE seen from SA

Refinement and interface differ

If there Is any SA

— constraint/recomandation for
=il i L this function

How it could be right without

mastering differences between
e abstractions ? ‘
: Context differs :
it | e Representation differs
|







Method for consistency

between MBSE and MBSA

Narrowing the situation

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document



Proposed approach : high level view

Structural Scoped Review Behavioral Scope Review Behavioral Cross Checks

Structure and 10 Behavior and 10 Behavior and IO
Scoped Scoped End to end
Static analysis Static analysis Dynamic Observation
(

FRENCH
INSTITUTES OF
NOLOGY

ﬁt TECH




Method for consistency

between MBSE and MBSA

M&T conseguences

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document



D© Q 29 T

[N

2023-01-10

Method overview

SE&SA
nronose together..

« Define End to End behavior for consistency
review SE/SA
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PRODUCED ARTIFACTS

Variables coordination table SE/SA
Verification procedures SE
Verification procedures SA
SIMFIANeo Model

AIDA Capella Model extended with SE variables

Cameo SYSML (19.0 SP4) model equivalent to AIDA V4.5
Functional Architecture model (structural)
Functional Behavioral models (Dynamic, Activity/StateCharts) for identified scenarios

SE Model execution report and videos

Usage of SE/SA consistency review tool for consistency review between Capella and Cameo SYSML
Models (different SE languages)
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POC Overview
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POC Overview

AIDA Case
Study (SE
model)

AIDA Case
Study (SA
model)
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V4.5
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POC Overview

AIDA Case AIDA Case
Study (SE Study (SA AIDA

model) model) V4.5

Inputs data [

A: Scénario candid

7'y

POCA

Method application on models J

SE descriptive / SA executable

FRENCH
INSTITUTES OF
TECHNOLOGY

fit

© IRT Saint Exupéry & IRT SystemX: All rights reserved Confidential and property document

R:
&
SA
Common artifacts for both POCs L
Tests Plan/ SE/SA Variables
Scenarios coordination table

A: Table de

Activité coordination

A: Scénario agréé

POC B

Method application on models
SE executable / SA executable




D© Q 29 T

[N

2023-01-10

POC Overview
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Procedure Report results and consistency - Example

Step of Procedure

Action to prepare the step
Or
Action triggering the event

Observations expected
During or ad end of step

Proof of observation
(for audit / debug)

Another step of Procedure

fit
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Coordination Table

Yalue's domain comespondance

Yariable!observer SE SE ¥Yalues ¥ariablelobserver SA SA Yalues

Scenario Concept

R . W'E position vector walue T . R Mon applizable S48, Hypothése implicite: drone en -
Drone in Highy Dirone real position included in specific shape ML Vair commentaires = = ol ot dans La 20ne aUtorisbe ASS u m I n g 't a't S E

Drone insied authorized Dirone real pasition W'E pasition vector walue Mon applicable 58, Hypothese implicite: drone en

SE S5A Commentaires

MEA: Voir commentaires

area included in specific shape B 3 3 wol et dans la zone autorizsée
i - udrait jouer £ seenanos cote SE pour an d SA I I l ay focus O n
) AUTOMATIC Flight Plan con aleurs pozsibles AUTOMATIC
Control Maode Internal Sortie SF4.3.2 AUTO Flight Flan et Spe ian aui sant équivalents .
. AUTOMATIC Flight Plan AUTOMATIC Speed Consign coké GA. d ﬁ t p t b t
Automatic Mode AUTOMATIC Speed Consign AUTO I e re n a.S e C S u
. ExT_PilotDetection. PilatSel ‘ ‘ Coté 54 la momdélisation a été conservative o
Contral Mode Filate - MAMLLAL MARLUAL A >
ectedMade =ans Faire différence entre les 2 modes [Hight plan t t t b I h
et speed consign] r O es a IS
1] LOET A
Loss of motor Matar i mation 0 SFiZ_CreateMation LAST [Failure mode "Fail_lass"] l I ap p I n g etWee n 2
=0 Ok ERROMNECUS

SFT.5F3_MonitorParamete TRLUE TRUE d O m al n S .

Motor loss detection Iotor « runaway TRUE r=. 5F73d_ManitorOraneMat | TRUE

ors.Matra1Runaw ay

Var name used in procedure (related to SE model implementation)
Var name used in scenario (agnostic from models implementation)

FALSE FALSE

\ I SE&SA notes on mapping done
Var domaine (related to SA model implementation)

Var name used in procedure (related to SA model implementation)

Var domaine (related to SE model implementation)
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Executions
SE : Video

w eo Syste ele erence Architecture
! File Edit View Layout Diagrams Options Tools Analyze Collaborate Window Help %
R 086 -6 - % : [3 create Diagram ;X FAConfiguration viD % -
i) 2R contain.. | 28] piagrams | Y} Lock View ]| Scenario 1 motor 1 failu... X N 4pE
d| Containment (LR RECIEAP SR o SR - O
gt == e s {El-El-iQ LD
© [ B2.1 Functional Flows K i
£t B2.2 Functions 3 BIE

a = ) __|
2 [;] B2.3 Functional Architectures Selection
g {71 B2.4 Data Type l‘p o
5 FoLeosnaraflowns L

B 213 ControtPrapaiis 15911 et prapminr 1 A
Ris [ B2.6 Functional Architecture Si T?"lsé_l' E= p— a
¥ #-[7] B2.7 Simulation data &I TN s i 143 Cree Wt wl

B[] 82.8 Scenarios simulation [] common b P L
=20 Ssenano 1 motor 1 failure &5} anternal Block Diagram
-,/ Relations Syiveies ) k .
-E=] Block scenario_1_Motc DIGS SopEE e 4= Z"_a-’
S| scenario 1 Motor 1 f 7] Part Property A
FRI

INS1nvies ur

fit | B SA I no video (similar to SE but with SA simulation QoS tools)
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Get Video from PDF using attachement services of your reader (here above with Acrobat):

Accueil  OQutils  Document @ E B

Commentaire |.,;_|

@ Piéces jointes x

B &R &

Nom Description
@ |:| VPlayer.swf media resourc

& SsrScenario.mpd media resourc




media resource


media resource


var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}


Method for consistency

between MBSE and MBSA

Returns of experience
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Retrun of Expérience

Simplify the global behavior consistency review between SE and SA
Behavioral exécution (End To End) based on identified scenarios

Failure cases defined by SA may be executed on SE models to visualize effects and
conseguences in defined system execution

SE Behavioral modelling with exécution has to focus on the appropriate fidelity level for
simulation models.

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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METHOD Limits

POCs have limited the study on functional architecture level

Behavioral Consistency may be difficult/complex if SE/SA models are very different
« Method consider some differences between the 2 models
» SE/SA représentations are different viewpoints even if linked to the same system
« Using the SSR method in previous step ease the building of variables coordination table

Executable Behavior Modelling effort to adjust according to the need

« Considering Models fidelity to appropriate need (ROI) to represent effects propagation in the
system and identify effects of safety mechanisms defined in the system (redundancies,
monitors, ...)

 Ildentify relevant scenarios is a key activity for SE/SA coordination activity

The method is to measure efficiency/consistency of defined system
« To build SA model differently from the system definition may ease the consistency review work

The scalling effect when targeteing better precision

It rely on underlying tool chosen to implement the method (i.e. simulation tools/frameworks may
be more accurate than coarse grain model)

FRENCH
INSTITUTES OF
TECHNOLOGY

fit
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