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Significant increase in use of Al in Automotive Development
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Goals for this talk

Trends observed across MATLAB/Simulink users incorporating Al in
automotive development

How MathWorks is supporting these trends
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Market trends driving Al In Automotive Development

MathWorks Response

1. Al improves existing systems and
processes

2. Integration of Al with automotive software
development process

3. Government requlation and certification
efforts

4. Shift from general-purpose Al to solving
domain-specific problems using Al
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Trend #1
Al being used to improve existing systems and processes
Solving previously unsolvable problems now Improving existing systems and processes

possible with Al with Al
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Al-Based Virtual Sensor for Battery State-of-Health

o  Calendaric aged” = Combined Al with traditional
battery analysis techniques
o - Implemented in Simulink for

testing, requirements
validation, and certification
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Trend #1
Al being used to improve existing systems and processes

Impact on MATLAB and Simulink Users

Simulink

»ﬁ Increase interest and use of Al in { J

@, _ Al in Simulink
&, Increase use of smaller/simpler models
%>
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Al Is often part of a larger system

Virtual sensor for battery SOC estimation
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Get started faster with low-code app-based workflows

| 4 Deep Network Designer - o x

Getang

tarted | Compare Pretraned Networks | Transter Laaming

Blank Network From Workspace

SqueezeNet GooglLeNet

Feature Extraction Deep Learning and Machine Learning
Training



Al libraries in Simulink are expanding to include more Al
blocks for more applications
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Evolution of Al in MATLAB

2016 - 2019 2020 - 2021

Toolboxes

» Deep Learning Toolbox
» Text Analytics Toolbox

* Reinforcement Learning

* Predictive Maintenance
Toolbox

Code Generation

* GPU Coder

* MATLAB Coder

Apps

* Image Labeler

* Deep Network Designer
* Video Labeler

» Signal Labeler
Interoperability

» TensorFlow-Keras Importer
* ONNX Support

Apps
» Experiment Manager
 Lidar Labeler

» Reinforcement Learning
Designer

Compression

* Quantization

Code Generation

* Deep Learning HDL Coder
Model-Based Design

» Image Classification &
Model Prediction

* Recurrent Neural Networks
* Object Detectors
Interoperability

» TensorFlow Model Importer

MathWorks AUTOMOTIVE CONFERENCE 2023

2022 - 2023

Accessibility

» Deep Learning Model Hub
Compression

 Taylor, Projection Pruning
Code Generation

» TensorFlow Lite
Interoperability

» TensorFlow Export

» PyTorch Import

» Co-execution examples
Verification

+ Out of distribution detection
* Robustness

Domain Specific Al

* Medical Imaging

« Automated Visual
Inspection

Over 500+ examples 10
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Market trends driving Al In Automotive Development

1. Al improves existing systems and -Dh
processes
Al in Simulink

2. Integration of Al with automotive software
development process

3. Government requlation and certification
efforts

4. Shift from general-purpose Al to solving
domain-specific problems using Al

11
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Trend #2
Integration of Al with software development process

@ python 25

Chainer
T ' E) %]/\/
TensorFlow o@m. PYT SRCH ‘ [ QY manevoors | M pure qws

Al Frameworks
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Mercedes-Benz Simulates Hardware Sensors with Deep Neural

Networks based Virtual Sensor

WORKFLOW - TRANSFER

using using custom library
Deep Learning and

Toolbox Fixed Point Designer
TRAINING TRANSFER

Machine trained

learning neural net

algorithm net object of
trained neural net

Fixed point
Simulink model of
trained neural net

Al model from Python

powertrain
controller

13
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Mercedes-Benz Simulates Hardware Sensors with Deep Neural
Networks based Virtual Sensor

Use Deep Learning Toolbox, and Fixed-
Point Designer to convert Python Al
models into code that can be deployed
= - to an automotive ECU.

and

ox
TRAINING TRANSFER

CPU, memory, performance requirements met
Flexible process established
Development speed increased 600%

Automated workflow for deploying virtual
sensors to powertrain ECU.
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Continued investment into importing and exporting Al models into

MATLAB and Simulink

TensorFlow-Keras Import

ONNX Converter (Import & Export)
TensorFlow Converter (Import)
TensorFlow Converter (Export)
PyTorch Converter (Import)

R2017b
R2018a
R2021a
R2022b
R2022b

PyTorch
MATLAB
H ; H TensorFlow
A 4
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Integrate Al with Software Development Workflows

MBSE < MBD 4 Embedded )
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. IT/OT Systems
o o e Excel
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Development Operations { RESTful API}
\ J
Code Generation
Deployment

Model-based
System- Component
level level

k Code-based )

Model- and
Code-based V&V
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Leveraging 30 years of code generation experience for Al workflows

Generate code for Al
model + pre- and post- Performant multi-processor deployment
processing

Pruning and guantization

Original Network Layer Connections. Pruned Network Layer Connections
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Manage Al tradeoffs for your system
Battery SOC Estimation
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Model Compression Using Projection:
93% size reduction with 2x speedup
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Market trends driving Al In Automotive Development

1. Al improves existing systems and -Dh
rocesses . .
BLOLESSES Al in Simulink

2. Integration of Al with automotive software

development process
Interoperability & DevOps Code generation

3. Government regulation and certification
efforts

4. Shift from general-purpose Al to solving
domain-specific problems using Al

20
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Trend #3
Increase in government regulation and certification efforts

Automated Vehicles for Safety The Topic ~ NHTSA In Action Resources

THE Al ACT About TheAct v  Assessment Analyses Developments v  Contact

NHTSA IN ACTION

NHTSA is dedicated to advancing
the lifesaving potential of new

The Artificial Intelligence Act

What is the EU Al
ACE?

The Al Act is a proposed European law on artificial
intelligence (Al) — the first law on Al by a major
regulator anywhere. The law assigns applications of Al
to three risk categories. First, applications and systems
that create an unacceptable risk, such as
government-run social scoring of the type used in
China, are banned. Second, high-risk applications,
such as a CV-scanning tool that ranks job applicants,
are subject to specific legal requirements. Lastly,
applications not explicitly banned or listed as high-risk

are largely left unregulated.

vehicle technologies

NHTSA demonstrates its dedication to saving lives on our nation’s roads and highways through its
approach to the safe development, testing, and deployment of new and advanced vehicle

technologies that have enormous potential for improving safety and mobility for all Americans.

NHTSA supports the Safe System Approach, a data-driven, holistic, and equitable method to roadway
safety that fully integrates the needs of all users. As part of this approach, vehicle safety
technologies offer unique opportunities to reduce traffic deaths, injuries, and harm.

In 2021, NHTSA issued a Standing General Order that requires manufacturers and operators of

automated driving systems and SAE Level 2 advanced driver assistance systems equipped vehicles

to report crashes to the agency.

In 2020, NHTSA launched Automated Vehicle Transparency and Engagement for Safe Testing. As

part of the AV TEST initiative, states and companies can voluntarily submit information about testing
of automated driving systems to NHTSA, and the public can view the information using NHTSA's
interactive tool.

In September 2016, NHTSA and the U.S. Department of Transportation issued the Federal Automated
Vehicles Policy, which sets forth a proactive approach to providing safety assurance and facilitating
innovation. Building on that policy and incorporating feedback received through public comments,

stakeholder meetings, and Congressional hearings the agency issued Automated Driving Systems: A

Vision for Safety.

21
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Trend #3
Increase in government regulation and certification efforts

Impact on MATLAB and Simulink Users

4 ) 4 )
Increased interest in explainable Al & @
d certification
\_ J \§ J
XAl & Scenario-based

Certification Testing

22
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Significant progress in Robustness: Al Verification & Certification

' Deep Learning Toolbox Verification Library

$ by MathWorks Deep Learning Toolbox Team
- Released Support Package in October 2022 { } | Mo Optons esure
| ‘ ‘ Road .

= Released techniques focusing on fairness: bias detection and mitigation

Neural

Network

= Engagement with certification bodies and working groups

A

INTERNATIONAL.. EUROCAE

23



/7 MathWorks AUTOMOTIVE CONFERENCE 2023
Test Al based systems with scenario-based testing

') SpeedBump Actions.rrscenario | 22a Project | MathWorks RoadRunner R2022a
File Edit

vel

ce R

View Tools Assets Window Help

Simulation

Simulation Controls

Pause

Time: 0.140s

M| Enable Pacing to Slow Down Simulation

Slower

0.05x

Simulation Properties

Step Size:

Camera

Camera View

S
o J

2D Editor | Logic Playback Variables

Name

Hatchback_InitialSpeed
Car_NumLanesToChange
Car_LaneChangeDirection

Car_DistanceBehindSpeedBump

Simulate Complex Logic In-Editori

£

Max Time:

Default editor camera

Attributes | Metadata | Simulation

MathWorks+




Test Al based systems with scenario-based testing

File Edit Window  Help

Simulation

Time: 1.16C

M| Enable Pacing

2D Editor | Logic Play

Library Br Jari Metadata | Simulation
Si jon Tool
4\ MATLAB R2022a
kE 4L B9 e @' 2@ ISearch Documentation ISl A signin
EP HalE ¥ D: » userpath » work » Examples » R2022a » autonomous_control » TrajectoryFollowerWithRRScenarioExample
Workspace Current Folder Command Window ¥ 1 r pa mples\R2022a\autonomous_contral\TrajectoryFollowerWithRRScenarioExample\TrajectoryFollowerWithRRScenarioExample.m @ X
% |rrSim| is the |Simulink.ScenarioSimulation| object. Use this object 1t L TrajectoryFoIIowerWlthRRScenarloF_xample.m | + |
% set variables and to read scenario-related information. 146 rrSim. set("SimulationCommand”, "Start") ;| -9
2% Simulate RoadRunner Scenario iLZT \-Jhllsajzzzril;;»Fr'r‘Slm.get( SimulationStatus"), "Running")
% When |egoBehavior| is unspecified, the ego wvehicle uses the built-in 149 — g
% behavior of the RoadRunner scenario. Clear the |egoBehavior| variable 158 %%
%2 use the built-in behavior. 151 % Use the |helperVisualizeVelocityProfile| function to visualize the
152 % welocity profile using the SDI. The |helperVisualizeVelocityProfile|
. . i 153 % function also plots lane centers and the ego vehicle trajectory. The
rrApp.setScenarioVariable ("egoBehavior™,™ "}); 154 % |helperVisualizeVelocityProfile| function takes |rrSim|, the ego actor
Connection status: 1 155 % ID, and the signal name for SDI as inputs.
Connected to RoadRunner Scenario server on localhost:49327, with client 156
fx 157 helperVisualizeVelocityProfile(rrSim,1, "Built-in")
& >> Y[ 158 hFigSDI = Simulink.sdi.snapshot;
i Z 159 % i
+| Busy Zoom: 90% |UTF-8 LF 5! Ln 146 Col 40
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Market trends driving Al In Automotive Development

1. Al improves existing systems and -Dh
rocesses . .
BLOLESSES Al in Simulink

2. Integration of Al with automotive software

development process
Interoperability & DevOps Code generation

3. Government regulation and certification
efforts

XAl & Certification  Scenario-based Testing

4. Shift from general-purpose Al to solving
domain-specific problems using Al

26



Trend #4
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Industry shift from investing in general-purpose Al to solving domain-

specific problems using Al

General Purpose

~heeRoad ‘Wwind o s
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Domain SpeC|f|c

Predictive
maintenance

AONRS 2020 2021 2022 Today
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Road Condition Estimation with Al at Mahindra Truck and Bus

Nationol Highwaoy / Expresswoy ( Four / Six Lone )
Operating Speed 60 ~ Max. Speed (Kmph)

= Built model that estimates
road condition from existing
vehicle sensors

= Integrated with other control
algorithms to improve fuel
economy

mahindcdra

MathWorks AUTOMOTIVE CONFERENCE 2023
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Trend #4
Industry shift from investing in general-purpose Al to solving domain-

specific problems using Al

Impact on MATLAB and Simulink users

e Reduced interest in learning Al

* Increase in interest to apply Al for
specific applications

4 )
b g> 4
o > X
\__

J

Verticals & Data-centric Al
* Focus shift from model-centric to data-

centric Al

29



Data-centric Al investments span

domains

Data Synthesis

Bt R e el

Labeling

MathWorks AUTOMOTIVE CONFERENCE 2023

many teams, data-types and

Feature Engineering
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MathWorks provides you with reference applications for a variety of
automotive use-cases

i 4% e i : L

a a = ii% ET’EL
B — . ” ) ) — : - -
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: : Code Generation for Lidar
. Train Deep Learning-Based Lane and Vehicle Detection . : . - ! 3

Train PPO Agent f Train DDPG Agent for Path- P g ase in Simulink Using Deep Highway Lane Following with Object Detection Using

rain gent for Following Control Sampler for Motion Planning : 2 SqueezeSegV2 Network
Automatic Parking Valet 9 Learning RoadRunner Scenario

Reinforcement Learning Automated Driving

seo 500+ Al Examples

T i v . T ek s i eorios e Built on the trusted
Battery Cycle Life Prediction ﬂnm:!y:ﬁte?on |nu ; Speaker Diarization Using x- w:\f:;g A::Esies"::d ;;2?, sge .
nausiria achine! sin
Using Deep Learning Three-Axis Vibrati:: Datag vectors Learning C ap ab | | | t | eS Of M at h WO r kS

products.

Predictive Maintenance Audio and Signal Processing
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Market trends driving Al In Automotive Development

1. Al improves existing systems and -Dh
rocesses . .
BLOLESSES Al in Simulink

2. Integration of Al with automotive software

development process
Interoperability & DevOps Code generation

3. Government requlation and certification
efforts

XAl & Certification  Scenario-based Testing

Tl a Y
4. Shift from general-purpose Al to solving L* < 4

domain-specific problems using Al a — X
Verticals & Data-centric

32
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MATLAB and Simulink for Al in Automotive Development

People
Leverage MathWorks expertise for
faster ramp-up and time to market

Al in Simulink

44

Interoperability & DevOps  Code generation

=il

XAl & Certification Scenario-based Testing

3 < 4
amy — X

Verticals & Data-centric Al
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Upskill in Al

Training Courses courserd

Onramp Tutorials

: : Statistical Methods in MATLAB !

* Machine Learning Onramp Practical Data
Machine Learning with MATLAB Science with MATLAB

* Deep Learning Onramp Signal Preprocessing and Feature Specialization

_ _ Extraction with MATLAB P
* Reinforcement Learning % % k%% 4.8 826 ratings
Onramp Deep Learning with MATLAB
o Optimization Techniques in MATLAB Image processing for

« Computer Vision Onramp . o . :
Reinforcement Learning in MATLAB and Englneerlng and
Simulink Science Specialization

Automated DriVing Wlth MATLAB Quickly gain skills in Image Processing. Learn the

essential skills to automatically extract information from
images.

Designing 3D Scenes with RoadRunner %% % % % 4.8 37 ratings



https://www.mathworks.com/learn/tutorials/matlab-onramp.html
https://www.mathworks.com/learn/tutorials/machine-learning-onramp.html
https://www.mathworks.com/services/training.html#popular

4} MathWorks'

Enjoy the Conference!

© 2023 The MathWorks, Inc.



	Slide 0
	Slide 1: Significant increase in use of AI in Automotive Development 
	Slide 2: Goals for this talk 
	Slide 3
	Slide 4: Trend #1 AI being used to improve existing systems and processes 
	Slide 5: AI-Based Virtual Sensor for Battery State-of-Health
	Slide 6: Trend #1 AI being used to improve existing systems and processes 
	Slide 7: AI is often part of a larger system
	Slide 8: Get started faster with low-code app-based workflows 
	Slide 9
	Slide 10: Evolution of AI in MATLAB 
	Slide 11
	Slide 12: Trend #2 Integration of AI with software development process    
	Slide 13: Mercedes-Benz Simulates Hardware Sensors with Deep Neural Networks based Virtual Sensor 
	Slide 14: Mercedes-Benz Simulates Hardware Sensors with Deep Neural Networks based Virtual Sensor 
	Slide 15: Continued investment into importing and exporting AI models into MATLAB and Simulink 
	Slide 16: Integrate AI with Software Development Workflows
	Slide 17: Leveraging 30 years of code generation experience for AI workflows
	Slide 18: Manage AI tradeoffs for your system
	Slide 19: Model Compression Using Projection:  93% size reduction with 2x speedup 
	Slide 20
	Slide 21: Trend #3 Increase in government regulation and certification efforts  
	Slide 22: Trend #3 Increase in government regulation and certification efforts
	Slide 23: Significant progress in Robustness: AI Verification & Certification
	Slide 24: Test AI based systems with scenario-based testing 
	Slide 25: Test AI based systems with scenario-based testing 
	Slide 26
	Slide 27: Trend #4 Industry shift from investing in general-purpose AI to solving domain-specific problems using AI 
	Slide 28: Road Condition Estimation with AI at Mahindra Truck and Bus
	Slide 29: Trend #4 Industry shift from investing in general-purpose AI to solving domain-specific problems using AI 
	Slide 30: Data-centric AI investments span many teams, data-types and domains
	Slide 31: MathWorks provides you with reference applications for a variety of automotive use-cases
	Slide 32
	Slide 33: MATLAB and Simulink for AI in Automotive Development
	Slide 34
	Slide 35

