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Key Takeaways

MathWorks provides a 

powerful platform for building 

your Virtual Vehicle

Our platform is very flexible, 

and we can help you 

customize it for your needs

Out-of-the-box capability Custom virtual vehicle solution
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Demo: Regression Testing of Highway Lane Following Controller

Vehicle Scenario 

Input subsystem
Lane Following 

Controller
Vehicle Dynamics

Test metrics
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Leveraging a Prebuilt Cloud Configuration via Reference Architecture
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Running Regression Tests on Cloud using Parallel Computing Toolbox
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GM: Autonomous parking development

How Are Companies Building Virtual Vehicles with MathWorks?

Ford: Build Virtual Vehicle in minutes

Bosch: Autonomous truck development

Different virtual vehicles are 

built for different use cases

Common themes are the automation of 

model creation, simulation and analysis

https://www.mathworks.com/videos/low-velocity-maneuvering-development-with-the-mathworks-toolchain-1622124103577.html
https://www.mathworks.com/videos/model-based-agility-with-ford-automated-system-simulation-toolchain-fasst-1592849717839.html
https://www.mathworks.com/videos/simulation-framework-for-highly-autonomous-trucks-in-a-logistics-centre-1622072544411.html
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Agenda

▪ Common challenges

▪ MathWorks solutions
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▪ Common challenges

▪ MathWorks solutions
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Challenges to early system-level testing
Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Using a virtual vehicle for 

systems integration testing 

early in development can 

save time / money

What are the challenges to 

building one?

Virtual Vehicle
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Challenges to early system-level testing

▪ Availability of appropriate 

vehicle level model

▪ Access to plant and 

sensor models with “right” 

level of fidelity

▪ Model calibration

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Virtual Vehicle
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Challenges to early system-level testing

▪ Standardizing interfaces 

and data management

▪ Access to software 

components across 

different teams

▪ Assembly of software 

components from multiple 

sources

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Virtual Vehicle
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Challenges to early system-level testing

▪ Creation of virtual 3D 

environment

▪ Definition of scenarios to 

test

▪ Linking test cases to 

requirements

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Virtual Vehicle
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Challenges to early system-level testing

▪ Post-processing and 

visualizing results

▪ Automatically generating 

reports

▪ Running large numbers of 

simulations efficiently

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Virtual Vehicle
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Challenges to early system-level testing

▪ Sharing models across 

the organization

▪ Deploying models to 

users who aren’t tool 

experts

▪ Deploying models for SIL, 

HIL, etc.

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Virtual Vehicle
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Agenda

▪ Common challenges

▪ MathWorks solutions
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Create Vehicle: Reference Applications

▪ Start with in-house vehicle models

– We can help you customize it and apply 

best practices for Model-Based Design

▪ Start with our reference applications

– Detailed system and vehicle level models 

for powertrain, vehicle dynamics, ADAS 

and other applications

Learn more:

Powertrain Blockset

Vehicle Dynamics Blockset

Automated Driving Toolbox

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

https://www.mathworks.com/products/powertrain.html
https://www.mathworks.com/products/vehicle-dynamics.html
https://www.mathworks.com/products/automated-driving.html
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Create Vehicle: Model Customization

Add detail where needed using:

▪ In-house Simulink models

▪ Simulink and Simscape libraries

▪ 3rd party tools (S-function, FMU, …)

Learn more:

Simscape

Multi-core cosim

Integrate with existing sims

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

https://www.mathworks.com/products/simscape.html
https://www.mathworks.com/help/simulink/ug/run-co-simulation-components-on-multiple-cores.html
https://www.mathworks.com/help/simulink/co-sim_gateway.html
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Create Vehicle: Electrified Powertrain Modeling
Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Battery 

Management 

System (BMS) 

Simscape-based 

battery and HVAC 

cooling subsystems

Updated Battery EV model

Built-in calibration 

workflow to fit data

New Fuel Cell EV model

Simscape-based 

fuel cell stack 

Learn more:

EV / HEV reference applications

PEM fuel cell system

https://www.mathworks.com/help/autoblks/ug/hybrid-and-electric-vehicle-reference-application-projects.html
https://www.mathworks.com/help/physmod/simscape/ug/pem-fuel-cell-system.html
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Create Vehicle: Non-Passenger Vehicle Modeling

Learn more:

Motorcycle braking test

One-axle trailer example

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Tractor / trailer steering test

▪ New blocks

– 3 DOF / 6 DOF bodies

– 1, 2 or 3 axle trailers

▪ New reference application

– Test system response, swept path, etc.

Motorcycle braking test

▪ New blocks

– Motorcycle body

– Chain drive

▪ New reference application

– 5-state ABS algorithm

https://www.mathworks.com/help/vdynblks/ug/longitudinal-motorcycle-braking-test.html
https://www.mathworks.com/help/vdynblks/ug/two-axle-tractor-towing-a-one-axle-trailer.html
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Integrate Software: C Code Integration
Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Integrate controller algorithms:

▪ Native Simulink models

▪ 3rd party tools (S-function, FMU, …)

▪ C / C++ code

Learn more:

C / C++ code integration

C Caller block

https://www.mathworks.com/help/simulink/implement_algorithms_c-code.html
https://www.mathworks.com/help/simulink/slref/call-c-functions-using-c-caller-block.html


21

Integrate Software: Integrating Lane Detection C Code

Learn more:

C Function Block

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Integrating custom C code for lane marker detection

https://www.mathworks.com/help/simulink/slref/cfunction.html
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Use C Function block to 

integrate code:

▪ Specify header + source 

files and where to find them

▪ Configure block to call 

external functions at:

– Initialization

– Each time step

– Termination

Integrate Software: Integrating Lane Detection C Code
Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Learn more:

C Function Block

https://www.mathworks.com/help/simulink/slref/cfunction.html
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Author Scenarios: Graphical Scenario Authoring

Use Driving Scenario Designer to:

▪ Create roads and lane markings

▪ Add actors and trajectories

▪ Specify actor size and radar 

cross-section (RCS)

▪ Explore pre-built scenarios

▪ Import OpenDRIVE and HERE 

HD Live Map roads

▪ Export MATLAB code

▪ Export Simulink model

Learn more:

Automated Driving Toolbox

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

https://www.mathworks.com/help/driving/ref/drivingscenariodesigner-app.html
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Author Scenarios: Automotive Scene Creation

Use RoadRunner to:

▪ Design 3D scenes for AD simulation

▪ Customize with region-specific road 

signs and markings

▪ Configure traffic signal timing

▪ Import from OpenDRIVE

▪ Export to OpenDRIVE, FBX, …

▪ Use scenes in Unreal, Unity, 

CARLA, …

Learn more:

RoadRunner

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

https://www.mathworks.com/products/roadrunner.html
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Author Scenarios: Requirements Definition

Use V&V tools to:

▪ Define sequence of simulations to run

▪ Define requirements for these tests

▪ Define custom report template

Learn more:

Verification & Validation

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

https://www.mathworks.com/solutions/verification-validation.html
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Author Scenarios: Custom Scene Creation

Support Vehicle Dynamics and 

ADAS / AD testing:

▪ Create custom scenes in 

RoadRunner

▪ Import into Unreal for use 

with Simulink vehicle models

– Multicast ray trace sensor to 

find contact patch

– Speed bumps for suspension 

travel analysis

– Hill for gradeability testing

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Learn more:

Using Unreal Engine with Simulink

https://www.mathworks.com/videos/series/using-unreal-engine-with-simulink.html
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Simulate & Analyze: Results Analysis

Use post-processing tools to:

▪ Review results with flexible 

MATLAB platform and 

visualization tools

▪ Interact with user-friendly 

Live Scripts

▪ Automate report generation

Learn more:

MATLAB Live Editor

Simulink Report Generator

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

https://www.mathworks.com/products/matlab/live-editor.html
https://www.mathworks.com/products/simulink-report-generator.html
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Simulate & Analyze: Scalability

Use MATLAB and Simulink to:

▪ Distribute simulations to local multi-

core, GPU, clusters, or the cloud

▪ Scale up computation power as needed 

without needing to rewrite code

Learn more:

Parallel Computing Toolbox

MATLAB Parallel Server

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

https://www.mathworks.com/products/parallel-computing.html
https://www.mathworks.com/products/matlab-parallel-server.html
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Simulate & Analyze: Cloud-based ROM Generation

▪ Generate engine 

Reduced Order Model 

(ROM) for system-level 

analysis

▪ Automate with Simulink + 

GT Power Co-simulation

▪ Leverage parallel 

computing on Amazon 

Web Services (AWS) to 

speed up process

Learn more:

Reduced Order Modeling

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

https://www.mathworks.com/discovery/reduced-order-modeling.html
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Leverage a Pre-built Cloud Configuration via Reference Architecture

Simulate & Analyze: Cloud-based ROM Generation
Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Learn more:

MATLAB on Amazon Web Services (AWS)

https://github.com/mathworks-ref-arch/matlab-on-aws
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Simulate & Analyze: Cloud-based ROM Generation
Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Automate generation of reduced order model in parallel on AWS

ROM vs. CAE model on 

drive cycle test:

▪ 0.3% fuel economy 

difference

▪ 50x faster
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Deploy Simulation: Model Deployment

Use MATLAB and Simulink to take applications farther:

▪ Create custom UI’s

▪ Create installers for distribution

▪ Deploy models as executables, FMU’s or web apps

▪ Generate code for SIL, HIL testing

▪ Deploy your Simulink and Simscape models on 

cloud platforms like Databricks

Learn more:

MATLAB Web App Server

MATLAB App Designer

Simulink Compiler

Embedded Systems

Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

https://www.mathworks.com/products/matlab-web-app-server.html
https://www.mathworks.com/products/matlab/app-designer.html
https://www.mathworks.com/products/simulink-compiler.html
https://www.mathworks.com/solutions/embedded-systems.html
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Deploy Simulation: FMU Export
Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

New FMU Export options:

▪ FMU for co-sim export with C code

▪ Export model arguments as FMU parameters

▪ Nested FMU export

Deploy desktop simulation 

on different OS

Real-time simulationLearn more:

Co-simulation

https://www.mathworks.com/help/simulink/co-sim_gateway.html
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Deploy Simulation: Web Apps
Create       
Vehicle

Integrate 
Software

Author  
Scenarios

Simulate & 
Analyze

Deploy 
Simulation

Deployed HEV model via web app:

▪ Start / load session

▪ Select drive cycle

▪ Specify key parameters

▪ Launch simulations on server

▪ Compare results

▪ Generate reports

Benefits:

▪ Purpose-built user interface

▪ Convenient way to share virtual 

vehicle with non-expert tool users
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MathWorks Consulting Services Can Support You

Model 
Architecture

Model assessment

Simulation performance

Interface standardization

…

Construction

Build process automation

Database/Repo interface

Model-Building know-how

…

User 
Experience

GUI driven workflow

Tool compatibility support

Artifact creation

…

▪ Provide expert-level guidance

▪ Automate workflows

▪ Develop custom UI’s

Learn more:

MathWorks Consulting Services

https://www.mathworks.com/services/consulting.html
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Key Takeaways

MathWorks provides a 

powerful platform for building 

your Virtual Vehicle

Our platform is very flexible, 

and we can help you 

customize it for your needs

Out-of-the-box capability Custom virtual vehicle solution



37

Presenter Contact Info and Poll Questions

Please contact us with questions ▪ On a scale of 1 - 4, how 

challenging is it for your 

department to:

– Create the vehicle model

– Integrate software

– Author scenarios

– Simulate and analyze results

– Deploy simulations

▪ Are you interested in a follow-up 

conversation with MathWorks?

▪ Additional comments

Brad Hieb

Application Engineer

bhieb@mathworks.com

Mike Sasena, PhD

Automotive Product Manager

msasena@mathworks.com

mailto:bhieb@mathworks.com
mailto:msasena@mathworks.com
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Thank You

Mike Sasena, PhD

Automotive Product Manager

msasena@mathworks.com

Brad Hieb

Application Engineer

bhieb@mathworks.com

mailto:msasena@mathworks.com
mailto:bhieb@mathworks.com
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Whatever your cloud environment, MATLAB can work and scale

MathWorks Cloud

MATLAB Online

MATLAB Drive

On-Premise

Reference 

Architectures

MATLAB Dockerfile

Public Clouds

Cloud Center

Cloud Services

Deep Learning Container

Marketplace offerings

MATLAB Online Server
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MATLAB/Simulink on the Cloud

MATLAB Online Server

matlab.boeing.com

MATLAB Reference 

Architecture on Cloud

Accessibility Scalability

MATLAB Production Server 

Reference Architecture

MATLAB Parallel Server 

Reference Architecture

Deployment

MATLAB Cloud 

Service Support

https://www.mathworks.com/solutions/cloud.html
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Additional Resources

▪ MathWorks Reference Architectures

– Network License Manager for MATLAB on AWS

– Network License Manager for MATLAB on Azure

– Run MATLAB on AWS

– Run MATLAB on Azure

– MATLAB Parallel Server cluster on AWS

– MATLAB Parallel Server cluster on Azure

– MATLAB Production Server on AWS

– MATLAB Production Server on Azure

▪ MATLAB Online Server (can run on AWS, Azure and Google cloud)

https://github.com/mathworks-ref-arch/
https://github.com/mathworks-ref-arch/license-manager-for-matlab-on-aws
https://github.com/mathworks-ref-arch/license-manager-for-matlab-on-azure
https://github.com/mathworks-ref-arch/matlab-on-aws
https://github.com/mathworks-ref-arch/matlab-on-azure
https://github.com/mathworks-ref-arch/matlab-parallel-server-on-aws
https://github.com/mathworks-ref-arch/matlab-parallel-server-on-azure
https://github.com/mathworks-ref-arch/matlab-production-server-on-aws
https://github.com/mathworks-ref-arch/matlab-production-server-on-azure
https://www.mathworks.com/products/matlab-online-server.html

