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Design, analyze, and test system architectures

= System engineers ensure the system meets customer needs and that the
design engineers do not over or under design the delivered system

=  System Composer...

— enables intuitive, scalable and adaptive modeling of requirements traceability,
architecture modeling, system analysis, and more, EARLY in the development

. structure
— enables trade studies to quantify decision making in conjunction with engineering functional platform
judgement EARLY in the development process before Simulink even is involved -~ AUTOSAR .
— directly connects with Simulink’s Model Based Design FERD phys|(n;e§v!)r:
— enables customer’s system engineering processes to be done in the same toolset software
as their design allowing reuse of EARLY work done enterprise |0 gical layered

process
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Key Takeaways

Capture and manage stakeholder's needs and describe system i~ >
architectures S e,

Linking requirements, system architectures,
simulation models, and perform trade-off analysis

Achieve verification and validation through simulation
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What makes Systems Engineering challenging?

30%
L
Single Source Digital Thread through Connect MBSE with
of Truth Design Process Model-Based Design
20%
15%
10%
) l
0%
Steep learning curve  Multiple tools Difficult to respond Traceability Architecture models Not executable/  Not synchronized
needed to changes requirements with are not analyzeable simulatable with design models
architecture / design
models

Source: MathWorks webinar, Model-Based Systems Engineering - Practical Use and Applications, December 9%, 2021 (173 responses) 3
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System Engineering/Development Workflow

Stakeholder Requirements &
Needs Use Cases

Respond to changes
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System Engineering/Development Common Users Challenges

Stakeholder Requirements &
Needs Use Cases

Difficulty responding to change I

Hard to use
Steep learning curve

Architecture: Validation/Verification

Structure & Behavior Not Synchronized

Not Analyzable Hard to use
Not Executable Steep learning curve

V [
System : : : - -
Detailed Design
Characteristics Multiple Viewpoints [ g
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System Engineering/Development Unified Environment
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System Engineering/Development Unified Environment
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|Analysis and Optimization of an EV Battery with Simulink Integration

« Large Complex System

- Stakeholder Requirements
— Cost
— Weight
— Range

= Known Power/Weight Budgets

= Unknown Battery Size

??? kWh

MATLAB B>
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Stereotypes anc

Properties

Define project-specific -y
profiles with stereotypes, :

properties, and Sty“ng Stereotypes

Define required values

Styling

Base stereotype: AutoProfile.BaseComponent

(] Abstract stereotype
Desaription:

» Default Sterectypes for Composition

Door Lock Controller
< DoorLockController >

a1 v
Property name Type Name Unit Default
1 ; . i Unset
2 WeET double o .
slLam e Properties
¥ Main
Name Door Lock Controller
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Improved readability

Semantic Styling (automatic)
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Create Test Harnesses for System Requirements Verification

BatteryChargingSystem_LogicalArchitecture
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Simulate Integrated Architecture Models
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Gulfstream Using System Composer to Model Electronic System

Architecture

“Goals of System Composer are to make
system modeling easy, flexible, and
scalable; and to ease the transition to the
design environment. The features and
constructs of System Composer reflect the
prioritization of these goals.”

> SYSTEM ARCHITECTURE MODELING

FOR ELECTRONIC SYSTEMS USING
MATHWORKS SYSTEM COMPOSER AND
SIMULINK

AIAA/IEEE 39t Digital Avionics Systems Conference | October 2020

Gulfstream”
4\ MathWorks*

System Architecture Modeling for Electronic Systems
Using MathWorks System Composer and Simulink

Christopher B. Watkdins

Jerry Varghese

\.lemelezht

i pace Corp
Savannsh, GA, U.S.
chriz. watkins @zl foream com
Backy Peteys
The MmhWorks, b,
Matick, Massachnsetts, T.5.
bpetevs, @maﬂmmk_. o

Abstrace—Flectronic system architectures have traditionally
been documented as static block disgrams in tools such as
MGicroscft® VisioZ or through a richer modeling approach such as
Systems Alodeling Language (SwsML). These approaches did
not fully meet the modeling needs for the Gulfsiream authors,
‘which led to an alternative approach.

This paper introduces the Electromic Svstem Architecture
Modeling (eSAM) method, which leverages a mew system
architecture modeling tool called System Composer™: eSAM
was created by the suthors to define 3 standard method for
applying the generic System Composer modeling constructs to
build fimctional, physical, and logical architecture models of
electronic systems. The eSAM methods are applisd to an example
aviomics architecture to demonstrate capabilities needed for
system modeling, i OEhidsnpphzr , data

and ICD ion, sy3 iom activities,
generation of system architecture ﬂﬁ\mblu for the avionics
certification standards governed by SAF ARPATS4A and a8
Mlodel-Based Deesign approach that conmects a software function
to its system-level ICD.

System Composer is built on MATLAB? and Simulink® and
leverages the modeling, anahvsis, and simulation capabilities of
these well-established tools. System Composer adds additional
capabilities for modeling integration between systems, filtering
large models into manageable views, capturing important system
and component properties, allocating between different
descriptive  archifecture models, directly connecting system
architecture models to software functional models, and flowing
datas down into specialized design tools.

This paper summarires desirable features in  system
architecture modeling tocks, introduces the features and concepts
of Svstem Composer and describes application of the eSAAI
method.

Heywords—svseem  architecnre,  modeling, Model-Based
Design, MED, MATLAE, Shnulink, System Composer, eSAM

L INTRODUCTION

A traditional systems devel keflow starts with
earh concepts and requiraments and flows dowm fo the
d and software. A commoen view of
ﬂmpmcaslsthe\dug;zm\\hmﬂmdeslgnand validation

078-1-7221-0825-6/20v531.00 &¢

1 Aerozpace C
Savannah GA, U.S.
jearv. varghese(@ sulfsiream com

. &
Saﬁnnah, GA, U 5
‘michzsl knisht@eulfatream com
Tordan Fosz
The MarhWorks, Jic.
Warick, Mazsachnsstts, 1S
jordann@mathweorks. com
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Figure 1: Simplified development process

are parformed alomg the lefi-hand side and test and verification
are performaed aleng the right-hand side. Figure | shows 2
simplified visw of the V-dizgram and summarizes the laft-hand
dasizn activities.

When applying desizn tools to support thiz process, there
are o gaps of interest. Gap =1 mwists between the desizn
1 and the impl fation of the system Desizn
enginesrs mus( sufficienth dﬁmbe the beha"mr and stmcrune
of the svstem such that
system. Graphical modeling tOO]S, such az Simulink, a].l.ol\
enginesrs to graphically represant and simulate their desizns,
which allows them to validate that the behavior of the system iz
satisfactory. For softwars systems they can automatically
generatz code for the algorithm that iz used m the final
production seftware. Using this Model-Based Dezizn (MED)
approach, the desizn snsimesrs are zble to work at z higher
level of abstraction in the sraphical enviromment and the
implementztion enginsers are able to elaborate the zame
models when working the implementation details. These tools
belp to bridze this zap between enzmeering disciplines by
elminating uwmeceszary rework and encourazmg effective
commumnication in a comman toal environmant

The other sizmficant gap, Gap =I. in the developmant
workflow ccowrs earlier in the process, when moving fom
early concepts to desizn. The tool requirements for sach staze

vmofm & < P
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Venue: online ~

Chris Watkins, Gulfstream
Aerospace Corporation

Growth of MBSE @ Gulfstream

Link to the Paper

PDF
Video
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https://www.mathworks.com/company/user_stories/gulfstream-develops-a-new-system-architecture-modeling-approach-using-system-composer.html
https://a.storyblok.com/f/74249/x/be7a20ea4c/watkins-growth-of-mbse-at-gulfstream-idew-20210416.pdf
https://ieeexplore.ieee.org/document/9256753
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DENSO Builds System Architecture Model for Auxiliary Motor
to Accelerate Control Design and Verification

Challenge

Model and analyze the core and customized parts of
auxiliary motors separately before they are integrated

Freshrm ——

Solution

Use System Composer as the system architecture and use
Simulink to model the customized component of the
auxiliary motor

DENSO blower motors deliver hot and cool air through

ReSU ltS a vehicle HVAC system.
= Workload reduced by one-third while maintaining high
quality “‘With Simulink and System Composer, we were able
= Model-Based Design process expanded to mu|t|p|e to efficiently create a design environment with a
products higher level of abstraction for the model-based

=  Automotive SPICE-like development process enabled systems engineering domain.”
with a single tool - Kazuyuki Hirai, DENSO Corporation

Link to user story 15



https://www.mathworks.com/company/user_stories/denso-builds-system-architecture-model-for-auxiliary-motor-to-accelerate-control-design-and-verification.html

Conclusion

1. Capture and manage stakeholder's needs and describe system

architectures

2. Linking requirements, system architectures, simulation models,

and perform trade-off analysis

3. Achieve verification and validation through simulation

MATI
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MBSE with System Composer Iin use today

Learn how these tools are being used today

2023 Denso - Architecture Model to Accelerate Control Design and Verification

2022 Gulfstream - MATLAB Expo keynote

2022 Bosch, India — Safety analysis for Product Development

2022 Tata Consultancy Services, India

2022 Ford, US: Building a digital thread from MBD to MBSE for ISO 26262

2021 Bosch, Germany: Architecture Design according to Automotive SPICE

2021 Mercedes Benz, India: Architecture Creation

17


https://www.mathworks.com/company/user_stories/denso-builds-system-architecture-model-for-auxiliary-motor-to-accelerate-control-design-and-verification.html
https://www.mathworks.com/videos/the-electronic-system-architecture-modeling-esam-method-1652896544921.html
https://www.mathworks.com/videos/system-and-software-development-and-safety-analysis-for-digital-product-development-1653978852668.html
https://www.mathworks.com/videos/bridging-system-and-component-design-for-vehicle-electrification-using-model-based-systems-engineering-mbse-1653978791113.html
https://www.mathworks.com/videos/building-the-digital-thread-from-mbd-to-mbse-to-meet-iso-26262-for-embedded-software-1654089096540.html
https://www.mathworks.com/videos/system-architectural-design-according-to-automotive-spice-using-the-mathworks-toolchain-1622130527527.html
https://www.mathworks.com/videos/system-architecture-creation-using-system-composer-1622075047576.html

Systems Engineering introduction by Brian Douglas

project

SYSTEMS
ENGINEERING
final

product An overview

in 15 minutes
A =
} ALLES AFSPELEN

Systems Engineering

5 video's = 22.089 weergaven - Laatst gelipdatet
op 12 nov. 2020

= B S

This series provides a broad overview of how
systems engineering helps you develop complex
projects that meet program objectives in an
efficient way.

What Is Systems Engineering? | Systems Engineering, Part 1

MATLAB

Towards a Model-Based Approach | Systems Engineering, Part 2

MATLAB

The Benefits of Functional Architectures | Systems Engineering, Part 3

MATLAB

An Introduction to Requirements | Systems Engineering, Part 3

MATLAB

Some Benefits of Model-Based Systems Engineering | Systems Engineering, Part 3

MATLAB

laylist?]list=PLNn8PRpmsu08owzD r7vo20-FUOmM fL



https://www.youtube.com/playlist?list=PLn8PRpmsu08owzDpgnQr7vo2O-FUQm_fL
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System Engineering: From Requirements to Architecture to Simulation

System Engineering: From Requirements to

Architecture to Simulation

Engineers use model-based systems engineering (MBSE) to manage system complexity, improve
communication, and produce optimized system performance. Successful MBSE requires the synthesis of 30-Day Free Trial

stakeholder requirements into architecture models to create intuitive system descriptions.
Try MATLAR, Simulink, and

MATLAB?, Simulink®, System Composer™, and Simulink Requirements™ together provide a platform to create more.

descriptive architecture models that seamlessly bridge into detailed implementation models. The connected w» Get started
environment ensures items across the architecture and design worlds stay in sync. Systems engineers can

models, and embedded software.
Access these resources and learn how you can:

+/ Capture and manage system requirements enabling impact and coverage analysis

+/ Optimize system architectures by capturing architecture metadata and directly connecting to MATLAB
analytics for domain-specific trade studies

+/ Create simplified model views to isolate the components of interest for different engineering concerns

establish a digital thread to navigate between system requirements, architecture models, implementation 2

+" Validate requirements and verify system architectures using simulation-based tests

+' Translate and refine requirements into architectures with components ready for simulation and
ian using Model i

https://www.mathworks.com/campaigns/offers/model-based-system-engineering.html
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