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SAMARES Mission

Deliver Systems Engineering (SE/MBSE) Expertise and services
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Our vision Requirements and MBSE (1/2)
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Our vision - digital continuity (2/2)
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Problematic of interfaces coupling SLMARES

Accelerate Systems Design

As stated in standards such as 1SO26262, it
is recommended to

« Avoid unnecessary complexity of
interfaces »

ISO26262-4 Product Development at
System Level

[ related paper presented at ERTS2024 conference [0] ]
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https://www.researchgate.net/publication/381924725_Coupling_Optimization_using_Design_Structure_Matrices_and_Genetic_Algorithm

Fundamentals SAMARES

Accelerate Systems Design

Context overview

Functions

Logical components Interfaces

’ﬂ How to manage minimization of interfaces between components for large systems

.‘ (high number of functions/components) ?

J
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Ny

Architecture Analysis & Design Integrated Approach 22/
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ARCADIA method defines systems engineering concepts from needs analysis to architectural solution definition
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Fundamentals N ¢/ SAMARES
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Logical architecture

Is an intermediate step to define a system architecture from stakeholder needs analysis.
Describes functions closer to their eventual physical implementation, guided by functional dependencies.

Component 1 Component 2
[ Function 1 }—)[ Funetion 3 l / .. \ / \
l l Allocated to [ Function 1 ){ Function_3 }
[ Function 2 ‘ |’ Function 4 l l l

‘ Function_2 ] ‘ Function 4 1

N J L J

\

[Components] [ Interfaces ]

[ Functions ]
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Fundamentals

Design Structure Matrix (DSM)/N2

| SAMARES

ENGINEERING

Accelerate Systems Design

Is a graphical representation used in Systems Engineering to analyse and visualize the relationships and
dependencies between different components within a system [1].

Input

Output f}“l F2 |F3 |F4 |F5 |Fo6

F1 [F1| 1 0 0 0

F2 | 0 | F2| 1 1 0

F3 1 1 | F3 0 0

F4 | 0 0 Fd4| 1 0

F5 1 0 1 |F5| 0 1: there is at least one interface

between the functions (column, row)
F6 ! 0 0 0 0 | F6 0: no interaction
b 4
11/07/2024 © 2024 SAMARES ENGINEERING — All rights reserved \ 13
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Fundamentals
Design Structure Matrix mechanism for optimization as defined in Systems Engineering Handbook
Input Input Input
Output |F1 F2 |F3 |[F4 |F5 |Fé6 Output F1 |F2 |F3 |[F4 |FS |Fé6 Output sz F3 |F5 |F4 |F1 |Feé
F1 |F1| 1|0 |0 ]| 0| O F1 |F1|/ 1] 0 0|0 F2 IF2, 10 1| 0] 0] O
F2 | 0 |F2 1| 0 F2 |0 |F2| 1 1| o0 1| T o
F3 | 1|1 |F3|0|0]oO F3 | 1|1 |F3/ 0|00 Fs | 0| 0 1|0
F4 | 0| 0O F4| 1| 0 F4 | 0| O F4§jp 1 | 0 F4 | 0| ol 1 | F4] 0| 0
F5 | 1|0 1 |F5| 0 F5[1 |0 F5| 0 F1 | 1| 0 K
F6 | 1 |0 | 0] 0| O0|Fe F6 | 1 | 0|0 0 | F6 F6 0| 0|0|0]|1|Fe
1: there is at least one interface between the Total 8 interactions between modules Total 4 interactions between modules
functions (column, row)
0: no interaction M1 M2
(R f— — 5 |
L . o . [ F3 | [ F4 ]
The metrics of interaction complexity is known as coupling value
M3
—LFL
[ Fs |
11/07/2024 © 2024 SAMARES ENGINEERING — All rights reserved
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Approach Proposed

Accelerate Systems Design

The coupling value

The coupling value serves as an assessment of the complexity of coupling between logical
components, derived from a formula based on software coupling metrics.

Coupling value formula

: 1 z
COUPllng(CMk) =1- di T+ 2. ¢ + do +2. ¢, tw+r Coupling[/alue(cv) = Z[CMk]
k=1
Equation 1 - Coupling Value of a Logical Component Equation 2 - Coupling Value of the Complete Logical

Architecture
M, is the logical component under consideration

d; is the number of input data parameter

c; 1s the number of input control parameters

d, is the number of output data parameters

c, 1s the number of output control parameters

w 1S the number of modules called (fan-out)

r is the number of calling the module under consideration (fan-in)
Source: [4]

11/07/2024 © 2024 SAMARES ENGINEERING — All rights reserved \ 15
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Related work SAMARES
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* Integration of N2 matrices within MBSE environments [2]

Structure 2 2 1 Mission 0 0 0 0 0 0
ADCS o o o 1 o o Communications | 2 0 0 0 0 0 0

Mission 0 0 0 0 0 0 Propulsion 1 0 0 0 0 0

Power 0 1 1 0 1 OBC 0 1 1 1 0 1

Propulsion 1 0 1 0 0 0 0 ADCS 0 1 0 0 [ 0

Communications 0 0 2 0 0 0 0 Themal 1 1 0 0 1 0
Thermal 0 it i) 0 0 1 0 Power 1 1 1 [} 0

OBC 0 1 0 1 1 1 0 Structure 2 2 1
9‘0&‘“ Pg‘/":' \}-‘,,é‘* ‘,o"“‘ ot ov,\é"‘ . ‘»\a‘b «\eﬁ\"’\ o &éf’\ P ‘}\0‘9 - ov;é"\ ot o " ‘\e«@\ o 9(\,0)"5
o o

» Integration of DSM generation with genetic algorithm for detailed physical architectures [3]

initial illegal configuration intermediate configuration final legal configuration
ABCDEFGH ABCDETFGH ABCDEFGH
clust. 1J1]|1[1]1]1 clust 1f1|1] 1|1 clust. 1f1[1[1]1]|1
clust. 2 111]1]1] elem. E 1 clust. 2 1[{1]1
clust. 2 1 1] 1
ABCDETFGH ABCDETFGH ABCD FGH
A 1 1 Al |1 1 Al 1 1
B| : 1 B| 1 B| 1
Cl1 ! 1 Cl1 1 cl1 1
Dl1 1 Dl 1 1 D]t 1
E 1 1 E 1 1 E 1 1
F 1 1(1 F 1 1(1 F 1] |11
G E G . 1 G 1
H 1 = H 1 H 1 5
pr—
' = interaction = interaction
[ — clust, 1-elem. E clust. 2 - elem. E
Figure 5. Heurstic attempts to find best cluster match for element E ’
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oupling Optimization
Detailed approach and application to case studies




Approach Proposed

| SAMARES

ENGINEERING

Accelerate Systems Design

Use of DSM principle and apply the permutation principle to the Genetic algorithm

Genetic algorithms, aim to explore the solution space of a given problem to meet predefined criteria

o

Initial
population

|

|

Evaluate
population

—

Delete worse populationSize>threshold =@_{ Mutate child }_]
candidate

populationSize<=threshold
Get best
candidate

.

11/07/2024

Genetic algorithm processes
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Implementation SLMARES
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@, python’

s

Java

Python4Capella

Published in

GitHub - labs4capella/DSM4Capella

@Game0
SYSTEMS MODELER

[ SAw)
SEPYMT ==,

Java API Gl

https://www.samares-

- Capella Simplified API (simplified Metamodel
considered)

- Add-on simplified APl (Requirements, PVMT)
- Utilities (embedded Python modules)

engineering.com/en/2020/07/

11/07/2024 © 2024 SAMARES ENGINEERING — All rights reserved ’ ‘ 19
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Implementation SLMARES

Accelerate Systems Design

Algorithm structure and adaptation to Capella

S NI EEL EII EII EII EII EII EIN EEED SEE EEE EEE SEE BN BEE EEE BN BN B S B S S S B S S S S . .- —
( S e A )
A v an's |
I e o - I
[ e : :
. Create initial matr|?< C_al_culate and sglect the Generate matrix AIIo_cate functions to
from Capella functions minimum coupling value logical components I
[
'\ ]
AN I S I S S S S B S B B B I I I D I I I I I I I I I B I B B B I B . /
(] Python [ ) python4Capella

Analysis + Optimization
@
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Implementation - 1%t case study SLMARES

Accelerate Systems Design
AIDA use case

The AIDA system is a Remotely Piloted Aircraft System (RPAS) that it is composed of a quadcopter drone,
which performs an autonomous inspection around the aircraft before take-off [5].

Source: [5]

11/07/2024 © 2024 SAMARES ENGINEERING — All rights reserved &g \\ 21



Implementation SLMARES

Accelerate Systems Design
AIDA use case - CAPELLA
Logical architecture before and after algorithm execution

. | |
@ Aircratt Company Database J | ©Vision Subsystem : [ o Airorafl
©Send/Receive data ] - Build FlightPlan “Mission Mgt Subsystem ®CheckWiniF0rceT J% @Maﬁage lzlhotos E FERecord photos T Jﬁmsencl aircraft view
e = |e Relative to - Identify Absolutc T r egording _and videos
T Aireraft Type * Aireraft Coordinate i 3
“@Airline Human Operator L« Manage Mission Modes e —
Configurat ! ontrol Camera
: F(iigllﬁlgfaz | @Retr " Orientation @Air/ Terrestrian Gravity
" Defects L . Send Pictures 3 | |
Sense and Avoid to DB ] T | Send perceived
@Stationary Obstacle I : ¥ Obstacles —re . i
. oo ¢ “UAYV Control Station Subsystemy (ﬂ: el T, Sirels
o o o + - I Monitor UAV s
obstacle position =i o — 4 aUAV Pilot
| Gththgt Subsystem H . . TPropulsion Subsystem om0 |
@Moving Obstacles 0 B ||, Send c_qrnmand and
Sond movi o CUDtFO UAV | Emergency _ Control UAV . ®Generate Thrust, | position setting
C€nd moving Position Landing attitude —
obstacle position ’7

Logical architecture after algorithm execution
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Demonstration
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=8 workspace - platform:/resource/AIDA_basic/AIDA_basic.aird/[LAB] AIDA System - Capella
Window Help

Edit Diagram Navigate
Bvyih@osviecw

% % Project Explorer &
=

Search Project Run
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Implementation -2"4 case study SAMARES

ENGINEERING

Health Agriculture Unmanned Aircraft Vehicle (HAUAV) use case

" OurHAUAV |
Flving Drone
e/ eas - o -» o Weather conditions ying
presented in N
revious capella o ‘ O ‘ ‘ G ‘ (o S—)
Measurements

Nozzles

Topographical data E—
Flight Plan
Data Analytics for Effectiveness g

analysis
— i i

e

Observation of Efficiency Field Crops

[¢]

[¢]

Accelerate Systems Design

J
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https://youtu.be/E-obpCZUcqA
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Demonstration - 2" case study SLMARES

Accelerate Systems Design

o % Farmer A GPS - Satellite Network
=z rl Define treating plan @ Supervise treating system mission @ Provide Absolute Position
URgTiEaTPauT I'
(T o e r
& Topological operator g ooseck
ops n i - .
> A T L= : Logical System
Topographical analysis '_ Propulsiof i Ar;alysis System
of agricultural area F—paressoee b T =7 Ha—
Topographical analysis of
agricultural area System

&8 Air/Terrestrian gravity
<
@ Air/terrestrian gravi
product treatment
i command
Crops

Receive . . ota
ep duct i - ;
D3] preseve fifaith condition | ® Monitor
Battery Status
[ ¥}

@ health data

B8 tocal product A Weather condition
8 Warehouse
Produce

wind

@ Send temperature @ Produce rain

@ Store product|

T

Colleé product and store
limited quantity locally
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Conclusion SAMARES
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* Proposed value on Functional and Logical Architectures integrated within MBSE tools
« Enables Decisions making regarding distribution of functions over logical architecture

Publication DSM4Capella (GitHub - labs4capella/DSM4Capella) in Capella Community within Labs4Capella [6].

~ O ) https://github.com/orgs/labs4capella/repositories

O Product ¥ Solutions ¥ Resources ¥ Open Source ¥ Enterprise ¥ Pricing P master - | P 1Branch ©1Tags Q Gotofile g E=5 =
= mirnal® Update READMEmd @ 7638122 - lastweek  ¥Y) 13 Commits
=2 Labs for Capella
AIDA_basic dsm matrix permutated styled 4 months ago
() Overview FJ Repositories 11 (D Packages A People 3
DSM4Capella dsm matrix permutated styled 4 months ago
RepOSitOfieS A” [ README.md Update README.md last week
| @ an B
Search repositories [0 README =
B public
& Sources 11 repositories

¥ forks DSM4Capella

DSM4Capella  Public

= "
=1 Archived ®Python » 0« 7r5 - 0« 10+ Updated last week
ython + % 50 1 poated fast wee DSM4Capella allows to get a best logical architecture applying Design Structure Matrix giving a minimun coupling

value based on initial parameters of genetic algorithm. This approach is an extend of previous work of Khetan V.,
Gauthier J. M. and Dubé S.[1].

The design structure matrix is a square matrix (i.e., it has an equal number of rows and columns) that
shows relationships between elements in a system [2].

This work has been presented in the ERTS 2024 Congress ERTS 2024 - 12th European Congress Embedded Real Time
Software and Systems and available in Coupling Optimization using Design Structure Matrices and Genetic Algorithm

- Archive ouverte HAL
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https://github.com/labs4capella/DSM4Capella/tree/master

..
Future works SAMARES

Accelerate Systems Design

e Provide implementation of DSM generation within other MBSE Tools

e Extend the concept to introduce consideration of timing constraints and extend the functions and component exchanges
with a time delay property and ensure as a constraint that Time budget allocated to the overall functional chain are
fulfilled

e Optimize performances of the current algorithm

e Explore other algorithms than Genetic Algorithm and use optimization techniques proposed in related works to handle
large matrices.

e Explore the possibility to generate alternatives of architectures in a same model and exhibit the associated properties
(timing, performance, costs, ...) of each. Then extend this with multi-dimensional optimization techniques.

e Enhance process with Layout facility
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