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AI in Mobility

The traction of AI in the 

automotive industry has 

been growing in recent 

years.
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AI in Mobility

These emerging trends also has development possibilities for developers and engineers.

Core Technology 

Foundation
Integration with 

Legacy Systems

Deployment Challenges 

& Strategies

Specialized Talents
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Integrating AI is a priority for companies today but…

• Source: “” How to Build Knowledge Graphs That Enable AI-Driven

• Enterprise Applications” Gartner Research Note, <D#>, published 27 May 2020

n = 601

Gartner Research Circle members, excluding “unsure”

Source: 2020 Gartner AI in Organizations Survey

Q: What are the top three barrier to the implementation of AI techniques within your organization? Rank 

up to three.

ID: 719012_C

Top Barriers to AI 

Implementation

Top barriers to successful 

adoption of AI

1. Integration with existing 

technology

2. Data Complexity/Quality

3. Lack of Skills
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Core Technology 

Foundation
Integration with 

Legacy Systems

Deployment Challenges 

& Strategies

Industry & Academia 

Collaboration

These emerging trends also has development possibilities for developers and engineers.

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation
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Core Technology 

Foundation
Integration with 

Legacy Systems

Deployment Challenges 

& Strategies

Industry & Academia 

Collaboration

These emerging trends also has development possibilities for developers and engineers.

Model design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Integration with 

complex systems

System verification 

and validation

System simulation

Simulation & Test

Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation

Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Deployment
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Core Technology 

Foundation
Integration with 

Legacy Systems

Deployment Challenges 

& Strategies

Specialized Talents- 
Industry & Academia 

Collaboration

These emerging trends also has development possibilities for developers and engineers.
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Simulation & TestAI ModelingData Preparation Deployment

Embedded Software Engineers
Implementing and optimizing AI models on 

edge hardware, collaborating seamlessly 

with data science teams
Domain Experts
From data to deployment, overseeing 

the entire AI workflow in MATLAB

Typical Data Driven Workflow

From data preparation to deployment
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Leveraging AI-driven Automotive Application design

AI for component modeling

▪ Speeding up desktop and HIL 

simulations 

▪ Modeling component dynamics from 

data when first-principles models 

cannot be obtained

AI for Algorithm development
▪ Virtual sensor modeling

▪ Sensor fusion

▪ Object detection

▪ Remaining Useful Life 

Estimation/Predictive Maintenance

Leveraging Data Driven Application Software 

Development
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Power Converters: Driving the Future of Electrification
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Predictive Maintenance of Power Converters

Anomaly Detection

Fault Detection 

(Diagnostics) 

Remaining Useful 

Life Estimation 

(Prognostics)

Why is my 

machine behaving 

abnormally?

How much longer 

can I operate my 

machine?

Is my machine 

operating 

normally?

I need help. 

Phase Fault? Or Leg 

Fault? 

I will shut down your 

line in 15 hours.
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Daihatsu Uses AI to Classify Engine Sounds

Challenge
Develop an AI solution that can judge the level of engine 

knocking sound, which only skilled workers could judge

Solution

Create classification models and easy-to-use interface 

with MATLAB, making it possible to examine features 

multiple times

Key Outcomes
▪ Performed knocking sound analysis with the same 

accuracy as skilled workers

▪ Increased AI expertise through MATLAB training

▪ Promoted visualization of AI and increased 

awareness of AI

“Although we tried other programming languages, it 

was hard to implement. We decided to use MATLAB, 

which allows us to easily import the necessary data 

by dragging and dropping, and we could easily see 

the result by ourselves.”

- Takuya Kumagae, Daihatsu Motor Co., Ltd.

Daihatsu used AI to identify knocking sounds from its 

engines.

Link to case study

https://www.mathworks.com/company/user_stories/case-studies/daihatsu-uses-ai-to-classify-engine-sounds.html
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Challenges in AI Model Development

• Balancing precision with real-world applicability Accuracy 

• Time to market Development Time 

• Ensuring reliable model behavior Effective Testing 

• Integration with the production systems Compatibility 

• Efficient model updating Maintainability 

• Maintaining consistent performance in diverse situationRobustness 

• Meeting real-time processing Latency 
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MATLAB and Simulink 

Challenge Projects

Hands-on learning: IIT Madras and 

HAW Hamburg

Student competitions – TUM at the Indy 

Autonomous Challenge

https://github.com/mathworks/MATLAB-Simulink-Challenge-Project-Hub
https://github.com/mathworks/MATLAB-Simulink-Challenge-Project-Hub
https://www.mathworks.com/company/mathworks-stories/engineering-students-use-vr-and-haptic-feedback-to-test-algorithms-on-scaled-down-rc-vehicles.html
https://www.mathworks.com/company/mathworks-stories/digital-twin-race-cars-win-indy-auto-challenge.html
https://www.mathworks.com/company/mathworks-stories/digital-twin-race-cars-win-indy-auto-challenge.html
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Audience Question
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Application Development workflow with Model-Based Design
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Integrating AI in Model-Based Design
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Use AI to improve engine control unit development efficiency

“A model-based development workflow is essential 

in order to use AI for control ECUs. Combining the 

existing control model and the AI model enables us 

to establish a simulation environment and accelerate 

product development.”

- Natsuki Yokoyama, Denso Ten
▪ Used Deep Learning to formulate a model 

for complex vehicle control issues

▪ Applied model-based development to 

integrate AI model into existing control 

model

▪ Developed a pathway to c-code 

generation for ECU implementation

Model-Based Development Workflow

Existing control 

development process
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Purpose
Ensure the system performs as 

intended under real-world scenarios

Ensure the AI model generalizes well to 

unseen data and meets real-world 

requirements

Testing 

Scenarios
Relies on diverse and representative 

datasets for validation

Uses predefined scenarios based on 

design requirements and physical 

constraints

Chances of 

Error
Errors stem from incorrect logic, 

parameter values, or design  mistake. 

Errors may arise from data quality, 

hyperparameters, or learning process

Correctness of 

Algorithm

Ensuring algorithms represent the 

intended physical or logical system 

accurately

Verifying model training aligns with intended 

objectives.

Verification and Validation of AI Model

Model-Based Design AI Models 

V
e
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n
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a
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a
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o
n

Robustness

Rigor & TrustExplainability

Real – World 

scenarios
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Developing Onboard SOH Estimation Using DVA and ICA for LFP Batteries

Challenge
Li-on Batteries suffer from a variety of degradation mechanisms that lead to either capacity fade 
or power fade. Techniques like Incremental Capacity Analysis and Differential Voltage Analysis 
can be used to estimate DQ and DV curves but inferring battery State of Health (SOH) from these 
curves still requires domain expertise.

Benefits of using MATLAB and Simulink
• Easy data analysis for visualization and identification of key trends in battery aging
• Built-in tools to extract meaningful features from differential voltage curves (peak detection)
• V-diagram workflow support including requirements management, automatic code generation, and 

ISO 26262/IEC 61508 certification

Link to MathWorks Automotive Conference slides
Link to MathWorks Automotive Conference recording

Solution
Gotion used MATLAB to develop feature extraction methods that detect the most important 
features in DQ and DV curves, then trained a linear regression model that correlates these 
features with capacity fade. This regression model was then used alongside temperature data in 
a 2-D look-up table that estimates SOH. The solution was implemented in Simulink for testing, 
requirements validation, and certification.

https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/company/events/conferences/automotive-conference-michigan/2022/developing-onboard-soh-estimation-using-dva-and-ica-for-lfp-batteries.pdf
https://www.mathworks.com/videos/developing-onboard-soh-estimation-using-dva-and-ica-for-lfp-batteries-1654073089339.html
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There is an increased focus in government regulation and 

certification efforts 

Automotive Aerospace Medical Devices
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Requirements and Data Management 

Define Requirements for end-to-end AI workflows

Generate data for AI models (e.g. using ROM)

Automate Data Labeling
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Learning Process - AI Modeling, Hyperparameters & Experimentation 

Design & Train Deep Learning, Machine 

Learning models 

Experiment over models, hyperparameters
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▪ Why did you do that?

▪ Why did you not do that?

▪ When do you succeed or fail?

▪ When can I trust you?

▪ How do I correct an error?

Black-box

AI Model
AI Product

Unexplainable AI

Decision

 Recommendation
Data

Decision

 Recommendation

eXplainable

AI Model

eXplainable

AI Product

Explainable AI

Data

Decision

 Recommendation

Black-box

AI Model
AI Product

Unexplainable AI

Data

Feedback

▪ I understand why

▪ I understand why not

▪ I know why you succeed or fail

▪ I know when to trust you

▪ I know why you erredExplanation

Explainability of AI components 
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Musashi Seimitsu Industry Uses Deep Learning for Visual Inspection 

of Automotive Parts
Using camera connection, 

preprocessing, and various 

pretrained models in MATLAB 

enabled us to work on the entire 

workflow. Through discussions with 

consultants, our team gained many 

tips for solving problems, growing the 

skills of our engineers.

“

“

How XAI was used:

Estimate and visualize the defect area using 

Class Activation Mapping

Class Activation Mapping
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Robustness and Out of Distribution Detection

δ

verified

unproven

violated

Is the AI model robust against small input changes?

Can the AI model reliably detect unknown samples?



2929

Deploy to your choice of embedded hardware, or integrate with a 

variety of platforms in the cloud

C/C++

Source 

Code / HDL 

Coder 

Products
CPU, GPU, 

FPGA 

MATLAB 

Compiler

Simulink 

Compiler 

Desktop & 

Enterprise 

Systems 

ONNX

FMU

3P CAE 

tools

Development Operations

Simulink 

Compiler 

Deep 

Learning 

Toolbox

Simulink 

Real-Time
C Source 

Code

Speedgoat 

hardware

Desktop, 

Cloud, etc…
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Operationalize Embedded AI with On-Device Learning

Simulation & TestAI ModelingData Preparation Deployment

Workflow for Embedded AI

Embedded Software Engineers
Implementing and optimizing AI models on 

edge hardware, collaborating seamlessly 

with data science teams

Domain Experts
From data to deployment, overseeing 

the entire AI workflow in MATLAB

Workflow for On-Device Learning

Simulation & TestAI ModelingData Preparation Deployment Keeps Learning

++++

Incremental Learning Blocks
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Leveraging AI-driven Automotive Application design

AI for component modeling

▪ Speeding up desktop and HIL 

simulations 

▪ Modeling component dynamics from 

data when first-principles models 

cannot be obtained

AI for Algorithm development
▪ Virtual sensor modeling

▪ Sensor fusion

▪ Object detection

▪ Remaining Useful Life 

Estimation/Predictive Maintenance

Leveraging Data Driven Application Software 

Development
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Model compression can bridge the gap between AI modelling and 

embedded deployment

Data cleansing and 

preparation

Simulation-

generated data

Human insight

Data Preparation

Enterprise systems

Embedded devices

Edge, cloud, 

desktop

Deployment

Quantization

Pruning

Iterate over design

CompressionModel design and 

tuning

Hardware 

accelerated training

Interoperability

AI Modeling

Integration with 

complex systems

System verification 

and validation

System simulation

Simulation & Test
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Reduce model footprint and accelerate inference of DL models for 

deployment to the edge

Compressed model
300 KB

Structural 

Compression

Data Type 

Compression

“original [network] was 40MB, was told 

needed to be less than 10MB to fit.”

“model is 600kb and want to 

reduce it to 300kb. if I'm not fitting 

it in, I don’t have a working solution”

Original model
600 KB
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Challenges in AI Model Development

• Learning Verification 

• Hyper parameter tunning
Accuracy 

• Streamlined AI Workflow – 4 bucket Development Time 

• AI V&VEffective Testing 

• Integrated AI with MBD & Deployment portfolio Compatibility 

• On-Device LearningMaintainability 

• Verification & Validation of AI Models

• Tuning the models
Robustness 

• Model Compression Latency 
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Accuracy Compatibility
Development 

Time
Effective 
Testing

Maintainability Robustness Latency

Learning Verification 

Hyper parameter 

tunning

Streamlined AI 

Workflow – 4 bucket 

AI V&V Integrated AI with 

MBD

On-Device Learning

Verification & 

Validation of AI 

Models

Tuning the models

Model Compression 
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Industry-Academia initiatives 

Upcoming course on SDV

Bosch and National Institute of Technology Calicut Collaborate on EV Course to 

Prepare Students for Industry

https://www.mathworks.com/company/user_stories/bosch-and-national-institute-of-technology-calicut-collaborate-on-ev-course-to-prepare-students-for-industry.html
https://www.mathworks.com/company/user_stories/bosch-and-national-institute-of-technology-calicut-collaborate-on-ev-course-to-prepare-students-for-industry.html
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Core Technology 

Foundation
Integration with 

Legacy Systems

Deployment Challenges 

& Strategies

Industry & Academia 

Collaboration

Key Summary…
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Core Technology 

Foundation
Integration with 

Legacy Systems

Deployment Challenges 

& Strategies

Industry & Academia 

Collaboration

Key Summary…

Why not..! Start building your automotive 

software with AI models

We are open to collaborate and support in your journey
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Audience Question
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