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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 

process

– enables trade studies to quantify decision making in conjunction with engineering 

judgement EARLY in the development process before Simulink even is involved

– directly connects with Simulink’s Model Based Design

– enables customer’s system engineering processes to be done in the same toolset 

as their design allowing reuse of EARLY work done
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Key Takeaways

Capture and manage stakeholder's needs and describe system 

architectures

Linking requirements, system architectures, 

simulation models, and perform trade-off analysis

Achieve verification and validation through simulation
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Steep learning curve Multiple tools
needed

Difficult to respond
to changes

Traceability
requirements with

architecture / design
models

Architecture models
are not analyzeable

Not executable /
simulatable

Not synchronized
with design models

What makes Systems Engineering challenging?

Single Source 

of Truth

Digital Thread through 

Design Process

Connect MBSE with 

Model-Based Design

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

Requirements & 

Use Cases

Requirements & 

Use Cases

Architecture:

Structure & Behavior

System 

Characteristics
Multiple Viewpoints

Stakeholder 

Needs

Respond to changes

Optimize Communicate

size

power

weight 

performance

cost

reliability

etc.

Detailed Design

Validation/Verification 
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System Engineering/Development Common Users Challenges

Requirements & 

Use Cases

Architecture:

Structure & Behavior

System 

Characteristics
Multiple Viewpoints

Stakeholder 

Needs

Detailed Design

Validation/Verification 
Not Synchronized

Hard to use

Hard to useNot Analyzable

Steep learning curve

Not Executable Steep learning curve

Difficulty responding to change
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System Engineering/Development Unified Environment

Requirements & 

Use Cases

Architecture:

Structure & Behavior

System 

Characteristics
Multiple Viewpoints

Stakeholder 

Needs

Detailed Design

Validation/Verification 

Is 

Intuitive

Facilitates 

Analysis and 

Execution

Simplifies 

Complexity

Enables 

Implementation

Seamless V&V
Creates Digital Thread
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Simulink

Requirements Toolbox

System Composer

MATLAB

System Engineering/Development Unified Environment

Is 

Intuitive

Facilitates 

Analysis and 

Execution

Simplifies 

Complexity
Enables 

Implementation

Seamless V&V

Creates Digital Thread
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RFLP Architecture Modeling of an Electric Vehicle using System Composer

Requirements

Functional (WHAT)

Logical (WHO)

Physical

(WHERE)
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▪ Large Complex System

▪ Stakeholder Requirements

– Cost

– Weight

– Range

▪ Known Power/Weight Budgets

▪ Unknown Battery Size

Analysis and Optimization of an EV Battery with Simulink Integration

??? kWh
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Stereotypes and Properties

Perform analysis for trade off 

studies

Identifying best solution

Select stereotypes and specify 

design properties for 

components, ports, connectors, 

and interfaces 
Specify

properties
Capturing all relevant data

Define project-specific

profiles with stereotypes, 

properties, and styling Stereotypes

Properties

Styling

Define required values

View: component diagram

View: component hierarchy

View: architecture hierarchy

Filter:

All ASIL-A

components
Create automatic views to tackle 

complexity

Filter

Create Groups

Select Components

Architecture

Focus on specific design concerns

Semantic Styling (automatic)

Improved readability
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Create Test Harnesses for System Requirements Verification

Create Architecture

Create Test 

Harnesses

Create and Execute 

Test Suites

Assess 

Coverage
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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.” 

Video

PDF

Link to the Paper

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

Solution

Use System Composer as the system architecture and use 

Simulink to model the customized component of the 

auxiliary motor

Results
▪ Workload reduced by one-third while maintaining high 

quality

▪ Model-Based Design process expanded to multiple 

products

▪ Automotive SPICE-like development process enabled 

with a single tool

“With Simulink and System Composer, we were able 

to efficiently create a design environment with a 

higher level of abstraction for the model-based 

systems engineering domain.”

- Kazuyuki Hirai, DENSO Corporation

DENSO blower motors deliver hot and cool air through 

a vehicle HVAC system.

Link to user story

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

MBSE with System Composer in use today
Learn how these tools are being used today

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
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Systems Engineering introduction by Brian Douglas

https://www.youtube.com/playlist?list=PLn8PRpmsu08owzDpgnQr7vo2O-FUQm_fL

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

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

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


20
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