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Samares-Engineering Overview

20Employees 

17 Experts and Consultants 

in MBSE

90% Europe – 11 countries

10% UK and USA

MAIN INDUSTRIAL DOMAINS

TOULOUSE

Paris

Defense Automotive Space Energy Avionics
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SAMARES Mission
Deliver Systems Engineering (SE/MBSE) Expertise and services
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SE Improvement 
plan definition

https://www.samares-engineering.com/en/


• Business and Mission Analysis

– ConOps

– Main stakeholders involved in mission

– Measure of Effectiness

Our vision Requirements and MBSE (1/2)

• System Operational Context

– Domain entities, physical context

– Operational Capabilities and Entities 

– Operational Scenarios

• System Definition (boundaries)

– Phases, modes and states

– Functional &  physical interfaces

– High level functions & constraints

• System Architecture (design)

– Functional/logical architecture

– Physical architecture (SW/HW)

– Allocations

“R
E

G
U

L
A

R
” 

IN
T

E
R

F
A

C
E

 T
O

 C
U

S
T

O
M

E
R

Stakeholder 

needs

System 

requirements

SW and HW 

Requirements

R
e
q

u
ir

e
m

e
n

ts
 D

B

S
y
s
te

m
 M

o
d

e
ls

 R
e
p

o
s
it
o

ry

System level 
requirements

Decomposed and 
derived  

requirements

input

Traceability relations

Stakeholder 

requirements

Business 

Requirements

SoW

Regulation / 

Standards

Stakeholder 

requirements

© 2024 SAMARES ENGINEERING – All rights reserved 6



Our vision – digital continuity (2/2)

Multi physical analysis 
and simulation

Control command 
algorithms

Mechanical aspect, 
sizing constraints

Business, stakeholder 
and system 

requirements

Safety analysis

…

Real time analysis
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Titre de section 

Titre de section 

Coupling Optimization
(Work presented at ERTS2024 conference)
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https://erts2024.org/


11/07/2024 © 2024 SAMARES ENGINEERING – All rights reserved 9

Problematic of interfaces coupling

Multiplicity of interfaces and 
involved physics

As stated in standards such as ISO26262, it
is recommended to 

« Avoid unnecessary complexity of 

interfaces » 
ISO26262-4 Product Development at 

System Level

related paper presented at ERTS2024 conference [0]

https://www.researchgate.net/publication/381924725_Coupling_Optimization_using_Design_Structure_Matrices_and_Genetic_Algorithm
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Fundamentals

How to manage minimization of interfaces between components for large systems 

(high number of functions/components) ?

F1 F2

F3 F4

F5
F6

Context overview

Functions

C1 C2

C3

Logical components Interfaces



11/07/2024 © 2024 SAMARES ENGINEERING – All rights reserved 11

Fundamentals

Architecture Analysis & Design Integrated Approach

ARCADIA method defines systems engineering concepts from needs analysis to architectural solution definition

Concept illustrated 



11/07/2024 © 2024 SAMARES ENGINEERING – All rights reserved 12

Fundamentals

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.

Functions

Components Interfaces

Allocated to
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Fundamentals

Design Structure Matrix (DSM)/N2 

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

1: there is at least one interface 

between the functions (column, row)

0: no interaction
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Fundamentals

Design Structure Matrix mechanism for optimization as defined in Systems Engineering Handbook [1]

M1

M2

M3

1: there is at least one interface between the 

functions (column, row)

0: no interaction

Total 8 interactions between modules Total 4 interactions between modules

The metrics of interaction complexity is known as coupling value 

M1

M2

M3

M1 M2

F2

F3

F5

F4

F1

F6
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Approach Proposed

𝐶𝑜𝑢𝑝𝑙𝑖𝑛𝑔 𝐶𝑀𝑘
 = 1 −

1

𝑑𝑖 + 2 ⋅ 𝑐𝑖 + 𝑑𝑜 + 2 ⋅ 𝑐𝑜 + 𝜔 + 𝑟
 𝐶𝑜𝑢𝑝𝑙𝑖𝑛𝑔𝑉𝑎𝑙𝑢𝑒 𝐶𝑣 =    𝐶𝑀𝑘

 

𝑛

𝑘=1

 

Equation 1 - Coupling Value of a Logical Component Equation 2 - Coupling Value of the Complete Logical 

Architecture 

𝑀𝑘  is the logical component under consideration 

 𝑑𝑖  is the number of input data parameter 

 𝑐𝑖  is the number of input control parameters 

 𝑑𝑜  is the number of output data parameters 

 𝑐𝑜  is the number of output control parameters 

 𝜔 is the number of modules called (fan-out) 

 𝑟 is the number of calling the module under consideration (fan-in) 

Coupling value formula

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.

Source: [4]
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Related work

• Integration of N2 matrices within MBSE environments [2] 

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

Focus on extraction of N2 
matrice from MBSE model 

without optimization

Focus on optimization and 
fast algorithm on complex

physical architecture



Titre de section 

Titre de section 

Coupling Optimization
Detailed approach and application to case studies
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Approach Proposed

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

Genetic algorithm processes

Initial 

population

Evaluate 

population

Delete worse 

candidate

Get best 

candidate

Crossover Mutate childpopulationSize>threshold

populationSize<=threshold
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Implementation

Python4Capella

Java API:
- Capella Simplified API (simplified Metamodel 
considered)
- Add-on simplified API (Requirements, PVMT)
- Utilities (embedded Python modules)

GitHub - labs4capella/DSM4Capella

GitHub - labs4capella/DSM4Capella

Published in 

Initial 
implementation

https://www.samares-
engineering.com/en/2020/07/

https://github.com/labs4capella/DSM4Capella/tree/master/DSM4Capella
https://github.com/labs4capella/DSM4Capella/tree/master
https://www.samares-engineering.com/en/2020/07/
https://www.samares-engineering.com/en/2020/07/
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Implementation

Algorithm structure and adaptation to Capella 

Create initial matrix 

from Capella functions
Calculate and select the 

minimum coupling value
Generate matrix

Allocate functions to 

logical components

Python Python4Capella

Analysis Analysis + OptimizationAnalysis + Optimization
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Implementation – 1st case study

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]
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Implementation

Logical architecture before and after algorithm execution

Logical architecture before algorithm execution

Functions available for allocation

Logical architecture after algorithm execution

AIDA use case - CAPELLA
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Demonstration



Implementation –2nd case study

Field Crops

Nozzles

Flying Drone

Data Analytics for Effectiveness 
analysis

Weather conditions

 Measurements

Farmer

Topographical data

Flight Plan

Observation of Efficiency
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Health Agriculture Unmanned Aircraft Vehicle (HAUAV) use case

Our HA UAV 
model was

presented in 
previous capella 

webinar:
https://youtu.be/E

-obpCZUcqA

https://youtu.be/E-obpCZUcqA
https://youtu.be/E-obpCZUcqA
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Demonstration - 2nd  case study
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Conclusion

• 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].

https://github.com/labs4capella/DSM4Capella/tree/master
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Future works

• Provide implementation of DSM generation within other MBSE Tools

• 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  

• Optimize performances of the current algorithm

• Explore other algorithms than Genetic Algorithm and use optimization techniques proposed in related works to handle 

large matrices.

• 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. 

• Enhance process with Layout facility 
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Questions? 
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