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About me

Senior Application Engineer, Aerospace & 
Defense ïMathWorks

Focus areas: MBSE, Certification, Embedded AI

Aerospace Engineering (M.Sc., Politecnico di 
Milano)

20 years at Leonardo Aircraft: safety-critical 
software, systems & control, autopilots and 
autonomous systems
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Agenda

Á Digital Engineering as a foundation for complex systems

Á MBSE as an enabler for traceability, scalability, and cross-domain 

integration

Á System- and mission-level modeling to support early design decisions

Á Integration of MBSE, simulation, and embedded AI across the development 

flow

Á Safety and security embedded in the engineering lifecycle

Á System modeling evolution and alignment with SysML v2
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Digital Engineering as a 

foundation for complex 

systems
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Requirements
Functionality and 

Architecture
Design Implementation

System Integration 

and Test

From silos to model-centric development
Enabling continuous verification across the development flow

Requirement Docs Paper Specs
Hand-Coded 

Algorithms
Testing ArtifactsPhysical PrototypesRequirement Models

Behavior and System 

Models
Code GenerationSimulation Models Continuous Testing

Models are at the center of your development process 

and create a digital thread
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Systematic use of models  throughout the development process

What is Model-Based Design?
Executable models across the development flow

Automation

VerificationCoding

Modeling

Simulation Analysis

Reduce human error by eliminating manual steps

Ensure consistency across the development flow

Scale analyses and design changes efficiently

Understand system behavior and interactions

Explore architectures and trade-offs early

Support informed design decisions
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Why Model-Based Systems Engineering?

Language

Automation

Ecosystem

An engineering language  with intuitive syntax, yet precise 

semantics

Automation  tools that leverage this language to support fast 

and repeatable analysis (left-shifted V&V)

An ecosystem  that engages stakeholders early in the design 

process (left-shifted engagement)

A federation of ecosystems with seamless information 

exchange and authoritative source of truth

Systems engineering is undergoing a second tectonic shift to be systematic, 

agile and stakeholder-oriented
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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 MBSE challenging for you?

Source: MathWorks webinar, Model-Based Systems Engineering - Practical Use and Applications, December 2021 (173 responses)

Authoritative 

Source of Truth

Digital Thread through 

Design Process

Connect MBSE with 

Model -Based Design
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Authoritative Source of 

Truth

Digital Thread through 

Design Process

Connect MBSE with 

Model -Based Design

MathWorks Value for Model-Based Systems Engineering

Maintain requirements as an authoritative source of truth throughout the 

product development process, by using simulation models to manage:

Requirements

ï Transform stakeholder requirements/needs into design requirements 

using models, simulation and code generation

ï Establish traceability between requirements, models and testcases

Complexity

ï Explore the design space through (reusable) trade-off studies

ï Through views and traceable architecture models (RFLP)

External Interfaces

ï Connect system architecture with software architecture, component 

implementation, FMEA (fault injection models)

Early Verification

ï Simulate the entire system model to verify the design at an early 

stage
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Model-Based Systems Engineering in practice

Requirements

System Characteristics Multiple Viewpoints

Stakeholder 

Needs

Optimize Communicate

Architecture

Structure & Behavior
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Model-Based Systems Engineering in practice

Requirements

System Characteristics Multiple Viewpoints

Stakeholder 

Needs

Optimize Communicate

Detailed Design

Validation & Verification
Software Architecture

Structure & Behavior
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Model-Based Systems Engineering at MathWorks

Requirements

System Characteristics

Multiple Viewpoints

Detailed Design

Validation & Verification
Software Architecture

Structure & Behavior

Requirements 

Toolbox

System 

Composer

(+MATLAB)

Simulink Test

Simulink, 

Stateflow, 

Simscape, 

Code
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Simscape

Stateflow

safety, 

  security, 

   reliability
Simulink Fault 

Analyzer

requirements 

        and traceability

Requirements 
Toolbox

verificatio
n

Simulink 
Test

behavior

      modeling

C

MATLAB and Simulink, 
Code, FMU, and more

implementation

MATLAB
 + Python

system analysis

    and optimization

connectivity

     and data flow

PhysicalStereotype

extensible

     properties

system

     decomposition

Model-Based Systems Engineering at MathWorks

System Composer

query-based

      views

cost 800 USD

weight 2 lbs

power 150 W

Run
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A digital engineering ecosystem (shift-left engagement)

Automatic Report 

Generation

Model Checking & 

Dashboards

Functional Model

Logical/Physical views

Use case Scenarios 

& Results Analysis

Requirements 

Management

System & Parametric 

Analysis

Custom Workflows

Online Access & 

Collaboration
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MBSE as an enabler for 

traceability, scalability, and 

cross-domain integration
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Author, link and validate requirements for SW design and tests

Requirements Toolbox

Import / Export

Simulink, System Composer, 

Stateflow, Simulink Fault Analyzer, 

MATLAB Code and Text Files

Generated 

Code

Author / Model

Simulink Test,

MATLAB Test,

MATLAB Unit Test

Trace

Report 

Analyze 

External 

Requirements

Requirements 

Management 

Tools

Authoritative 

Source of Truth

Digital Thread through 

Design Process

Connect MBSE with 

Model -Based Design
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Stereotypes and views to extend architecture modeling ï WHY 

Key Drivers  in the context of Model-Based Systems Engineering (MBSE):

Á Customization

Á Consistency

Á Communication

Á Automation

     Ą Can be addressed through Stereotypes

Á Complexity Management

Á Focus

Á Verification & Validation

Á Reuse and Maintenance

     Ą Can be addressed through Views
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Systems Engineering is about understanding behavior

MBSE is not just about describing the system;

itôs about testing ideas through executable models.

Sequence Diagrams
Behavior Clarity

Problem Identification

Communication Support

Activity Diagrams
Process Representation

Dependency Analysis

Exception Handling

Requirements Allocation
Traceability

Coverage Verification

Design Optimization

System Simulation
Behavior Validation

Early Error Detection

Performance Optimization

You can simulate 

EVERY diagram with 

System Composer!

Run
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Structuring systems across levels of abstraction

Allocation between functional, logical and 

physical architecture models

Model -to-Model 

traceability
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You can SIMULATE and VALIDATE behavior ofthe entire model!

You can SIMULATE and 

VALIDATE behavior of

the entire model!Run

From architecture to implementationé without losing consistency
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Reports

A possible workflow to connect the architecture with the design

Requirements

Analyses & 

trade studies

Views for multiple 

viewpoints

Software 

components

System/software 

architecture
<link>

<refined by>

<refined by>

<implemented by>

<link> Test cases

<verified by>
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System- and mission-level 

modeling to support early 

design decisions
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System -of-Systems

Mission

Components

Single System

From system behavior to mission outcomes
Same models. Same approach. Different scale. Different decisions.
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System -of-Systems

Mission

Components

Single System

+

+

+

Stakeholders Example perspectives/concerns

Integrators, program 

offices
Á Identifying capability gaps

Á Evaluating system interactions

Mission commanders, 

policymakers & advocates
Á Defining mission needs

Á Evaluating mission effectiveness

Engineers, developers, 

scientists
Á Designing and implementing solutions

Á Managing design changes

System engineers, 

program managers
Á Characterizing system performance

Á Optimizing design decisions

From system behavior to mission outcomes
Same models. Same approach. Different scale. Different decisions.
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SensingComms Autonomy

Physical 

Modeling AI

`

Modeling systems in a mission context
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Mission Engineering in practice

é an interdisciplinary  approach to analyze, design, and integrate operational 

needs and capabilities to achieve desired mission  outcomes

Investment 

Decisions

Acquisition 

Decisions

Acquisition 

Requirements

Prototype 

Development

Concept 

Maturation
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Mission Engineering workflow as per DoD guide

ME: Mission Engineering

MT: Mission Thread

MET: Mission Engineering Thread Source: https://ac.cto.mil/wp-content/uploads/2023/11/MEG_2_Oct2023.pdf
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Mission characterization

Mission 

characterization

Results & 

recommendations

Mission architecture

Mission engineering 

analysis

Mission problem

(or opportunity)

Measures of 

Success

Measures of 

Effectiveness

Measures of 

Performance

Recover Personnel

Time to locate

Searcher Speed
Searcher 

Availability
Detection Range

AI
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Mission architecture

Mission 

characterization

Results & 

recommendations

Mission architecture

Mission engineering 

analysis

Mission problem

(or opportunity)
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Mission engineering analysis

Objectives 

and 

constraints 

met?

Modify 

design 

variables

Optimal 

design

No

Yes
Key design 

variables

Dynamic 

simulation

Initial 

DoE

Intelligent 

sampling

Mission 

characterization

Results & 

recommendations

Mission architecture

Mission engineering 

analysis

Mission problem

(or opportunity)



31

Results & recommendations MET not robust to platform faults; 

consider adding redundancy in 

search paths.
Search path identified by RL is more 

efficient and effective than heuristic 

method.

Quadrotors vulnerable to bad weather; 

consider switching to fixed-wing platform.

Mission 

characterization

Results & 

recommendations

Mission architecture

Mission engineering 

analysis

Mission problem

(or opportunity)
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Integration of MBSE, 

simulation, and embedded AI 

across the development flow
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Estimation of the trade space

Á Varying 5 performance measures in this analysis:

ïNumber of searchers (up to 50)

ïAvailability (range of 0.50 ï 1.0)

ïDetection range (range of 50 m ï 20 km)

ïSpeed (20 km/h ï 150 km/h)

ïEndurance (30 min ï 4 hours)

Á Assume we discretize to 50 intervals over the given range to estimate the 

size of the trade space:

Á  ςȟρρψȟχφπ ὧέάὦὭὲὥὸὭέὲί ὸέ ὩὺὥὰόὥὸὩ

Á Todayôs demonstration will introduce techniques within the MathWorks 

toolchain to reduce large trade spaces to a small set of optimal solutions

Measures 2 ï 5 defined 

as continuous intervals
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Optimization Workflow

υπ

υ
 ςȟρρψȟχφπ ὧέάὦὭὲὥὸὭέὲί ὸέ ὩὺὥὰόὥὸὩ

Objectives 

and 

constraints 

met?

Modify 

design 

variables

Optimal 

design

No

Yes
Key design 

variables

Dynamic 

simulation

Initial 

DoE

Intelligent 

sampling
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Optimization Toolbox

LP, QP, SOCP, MILP, NLP, Least-squares

Global Optimization Toolbox

GA, Surrogate, Pattern search, Multi-start, 
Global search, Multi-objectiveé

MATLAB provides a platform for many optimization problems and 

applications

Solvers
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Optimization Toolbox

LP, QP, SOCP, MILP, NLP, Least-squares

Global Optimization Toolbox

GA, Surrogate, Pattern search, Multi-start, 
Global search, Multi-objectiveé

Optimization for 
Simulink

Simulink Design Optimization

MATLAB provides a platform for many optimization problems and 

applications

Solvers

Modeling 

Workflows

Problem-Based Setup

Object-oriented API

Solver-Based Setup

Matrix & function API
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Optimization Toolbox

LP, QP, SOCP, MILP, NLP, Least-squares

Global Optimization Toolbox

GA, Surrogate, Pattern search, Multi-start, 
Global search, Multi-objectiveé

And moreé
Robotics & 

Autonomous Systems

RF & Mixed Signal

PDE

Systems EngineeringControl Systems AI

Physical Systems

MATLAB provides a platform for many optimization problems and 

applications

Solvers

Applications 

across MATLAB 

and Simulink

Modeling 

Workflows

Optimization for 
Simulink

Simulink Design Optimization

Problem-Based Setup

Object-oriented API

Solver-Based Setup

Matrix & function API
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Optimization Toolbox

LP, QP, SOCP, MILP, NLP, Least-squares

Global Optimization Toolbox

GA, Surrogate, Pattern search, Multi-start, 
Global search, Multi-objectiveé

Code generation

And moreé
Robotics & 

Autonomous Systems

RF & Mixed Signal

PDE

Application Deployment

Systems Engineering

Parallel Computing

Control Systems AI

Physical Systems

MATLAB provides a platform for many optimization problems and 

applications

Solvers

Applications 

across MATLAB 

and Simulink

Deployment

Modeling 

Workflows

Optimization for 
Simulink

Simulink Design Optimization

Problem-Based Setup

Object-oriented API

Solver-Based Setup

Matrix & function API
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Safety and security 

embedded in the engineering 

lifecycle
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A Simple Definition of Safety & Security

Safety  Ą ñAbsence of hazards (that may cause harm)ò

Á Preventing negative consequences for users and the environment, such as 

injury, loss of life, or severe environmental damage.

Security  Ą ñSafe system operation despite adversariesò

Á Absence of hazards even when intentional threats, malicious actors, or 

hostile conditions are present.
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The Gap Between System Development & Safety/Security 

Assessment

GAP

System Development Safety/Security Assessment

UInconsistency

URework after changes

URepetitive labor

UManual error
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Key Capabilities for Fault Analysis

Simulink Fault 

Analyzer

Capture Analysis, Link to Architecture 

& Perform Validation Checks
Model Faults Without Modifying Design

Characterize Faults Behavior Use Simulation to Validate Safety Analysis
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Integrate Safety Analysis into your MBSE Workflow

Architecture models1

System

Composer

Asset

scan
2

Analyze3

Enforced Safety Rules

f(x)

Safety 

Requirements

4

Sim.

attack 
Reporting

Fully traceable
Fully consistent

Fully customizable

V
A

L
ID

A
T

E
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System modeling evolution 

and alignment with SysML v2
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SysML and MathWorks in 2026

SysML v1 

Tools

SysML v2 

Tools
Repo

Textual 

Notation

Agentic AI
MCP 

Server

Connector

SysML

Textual 

Notation

MATLAB 

Agentic Toolkit

Simulink 

Agentic Toolkit

XMI file

Hundreds of existing tool 

connections ï to 

requirements, CAD, 

hardware and more.
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Shaping Tomorrow ˈ SysML v2 Is Here!

Á Ecosystem Shift  ï tools are starting to adopt the 

new standard

Á Interoperability Boost  ï APIs/models now more 

automatable and machine-friendly

Á Next Step  ï aligning toolchains, integrations, and 

workflows to SysML v2
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V23.0  Delete this slide before finalizing your presentation.
Questions concerning presentation design?  

Contact Bernice Cheng, bernicec@mathworks.com

PowerPoint Resources

Corporate PowerPoint 
Template FAQ and 
Resources

This page provides resources, 
tips, and best practices for 
updating existing presentations 
as well as how to get started if 
you are creating a new 
presentation.

Presentation Guidelines

These guidelines explain how to 
keep your presentation visually 
up-to-date, when to use the 
confidential and nonconfidential 
templates, how to design 
visually compelling slides, and 
other best practices.

Highspot Sales 
Content System

Highspot (license required) is 
the centralized, up-to-date 
source for customer-facing 
slides and presentations, 
including release and product-
related presentations as well as 
user story and technical article 
summary slides.

https://parula.mathworks.com/content/templates/powerpoint-templates/
https://parula.mathworks.com/content/templates/powerpoint-templates/
https://parula.mathworks.com/content/templates/powerpoint-templates/
https://mathworks.sharepoint.com/:p:/r/sites/emktg_creative_ext/Reference%20Documents/Guidelines/corporate-powerpoint/MW_Presentation_guidelines.pptx?d=w159b07d101814a8aaee0b651acf7775e&csf=1&web=1&e=IzMZnJ
https://mathworks.highspot.com/
https://mathworks.highspot.com/
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MathWorks Design System (Parula)

Learn how to create content that better represents the MathWorks brand 

and access MathWorks logos and release and service marks.

Best Practices for Finding Images and Stock Photos

Get guidelines for using the MathWorks Asset Library (with over 30k images), 
stock photography, illustrations, clip art, and more.

Image Resources

V23.0  Delete this slide before finalizing your presentation.

https://parula.mathworks.com/
https://parula.mathworks.com/
https://parula.mathworks.com/
https://mathworks.sharepoint.com/:w:/s/marketing/emktg_creative/cs/csm/EToMLRsnVmFDoPr99PA677ABYz7Hh3YBXQY0WiCQmK26sQ
https://assets.mathworks.com/images.html
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Image Resources

V23.0  Delete this slide before finalizing your presentation.

Illustration Style

Get illustrations in categories 
including Avatars, Personas, 
Technology, Transportation, 
Sports, and more. Find the 
complete set alongside some 
rules and recommendations.

Technical and Workflow 
Diagram Toolkit

Create simple or complex 
technical diagrams using 
provided elements. Each 
component is an individual 
artifact for use in presentation 
materials or video assets.

Icon Repository

Icon ID Catalog (theme-able)

Find toolstrip, block, plot, and 
other in-product icons.

https://mathworks.sharepoint.com/:p:/r/sites/emktg_creative_ext/Resources/technical-illustrations/illustration-guide.pptx?d=w14d4abe3974741fe989f75b930f302d0&csf=1&web=1&e=7sL0hM
https://mathworks.sharepoint.com/:p:/r/sites/emktg_creative_ext/Templates/diagrams-illustrations/Technical-and-Workflow-Diagram-Toolkit.potx?d=w0ae4ff4a25aa477199414f59b3738ed1&csf=1&web=1&e=3o5yn0
https://mathworks.sharepoint.com/:p:/r/sites/emktg_creative_ext/Templates/diagrams-illustrations/Technical-and-Workflow-Diagram-Toolkit.potx?d=w0ae4ff4a25aa477199414f59b3738ed1&csf=1&web=1&e=3o5yn0
https://iconrepository.mathworks.com/
https://iconidcatalog.mathworks.com/
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Using the Corporate Template

Á Avoid manually formatting whenever possible. Instead, use built-in styles, 

templates, layouts, and colors.

Á When creating new presentations, select the slide layout that best suits 

your needs from the built-in theme, then add content.

Á When creating custom shapes, text boxes, and other elements, start from 

scratch rather than reformatting template shapes.

Á When applying the new template to existing presentations, review your 

presentation carefully and manually adjust any formatting issues that have 

occurred. For additional help, contact Creative Services.

V23.0  Delete this slide before finalizing your presentation.
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Color Palette

V23.0  Delete this slide before finalizing your presentation.

MathWorks Brand Colors

The corporate colors are included in the Theme Colors of 

this PowerPoint file; the primary brand colors and HEX 

values are shown below. For more colors such as utility and 

neutral colors, visit the brand guide Color Palette.

MATLAB Code Colors

Below are the color values for MATLAB code. They are not 

included in this fileôs default Color Themes due to limited 

colors, but you can either enter the values below or use the 

Eyedropper or Format Painter to copy and apply them.

PRIMARY COLORS

HEX: 

0076A8 

HEX: 

004B87 

SECONDARY COLOR

HEX: 

D78825 

REGULAR CODE

HEX: 000000

RGB: 0, 0, 0

KEYWORD

HEX: 0000ff

RGB: 0, 0, 255

STRING

HEX: A020F6

RGB: 160, 32, 240

COMMENT

HEX: 228B22

RGB: 34, 139, 34

WARNING

HEX: FF6400

RGB: 255, 100, 0

ERROR

HEX: FF0000

RGB: 255, 0, 0

https://parula.mathworks.com/foundation/color/color-for-brand/
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