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Significant increase in use of AI in Automotive Development 

Daihatsu
Engine knock detection

Gotion
Battery SOH Estimation

Toyota
Predictive maintenance of engine bench

Renault
Virtual sensor for NOx estimation

R&D Manufacturing
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Goals for this talk 

Trends observed across MATLAB/Simulink users incorporating AI in 

automotive development 

How MathWorks is supporting these trends
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Market trends driving AI in Automotive Development

1. AI improves existing systems and 

processes

3. Government regulation and certification

efforts 

2. Integration of AI with automotive software 

development process 

4. Shift from general-purpose AI to solving 

domain-specific problems using AI

1. AI improves existing systems and 

processes

MathWorks Response
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Trend #1

AI being used to improve existing systems and processes 

Today20222021202020192018201720162015

Improving existing systems and processes 

with AI

Solving previously unsolvable problems now 

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

▪ Combined AI with traditional 

battery analysis techniques

▪ Implemented in Simulink for 
testing, requirements 
validation, and certification
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Trend #1

AI being used to improve existing systems and processes 

Impact on MATLAB and Simulink Users

Increase interest and use of AI in 

Simulink

Increase use of smaller/simpler models
AI in Simulink
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AI is often part of a larger system

Virtual sensor for battery SOC estimation

Vision Detector for 

a Highway Lane Following System

AI-based Reduced-Order Modeling
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Get started faster with low-code app-based workflows 

Feature Extraction Deep Learning and Machine Learning 

Training
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Data Preparation AI Modeling Simulation & Test Deployment

AI libraries in Simulink are expanding to include more AI 

blocks for more applications

Statistics and Machine 

Learning Toolbox

Deep Learning Toolbox

Computer Vision 

Toolbox

Audio Toolbox

System Identification 

Toolbox

9
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Evolution of AI in MATLAB

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

2016 - 2019 2020 - 2021 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 AI

• Medical Imaging

• Automated Visual 

Inspection

Over 500+ examples

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
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Market trends driving AI in Automotive Development

1. AI improves existing systems and 

processes

3. Government regulation and certification

efforts 

2. Integration of AI with automotive software 

development process 

4. Shift from general-purpose AI to solving 

domain-specific problems using AI

1. AI improves existing systems and 

processes

MathWorks Response

AI in Simulink

2. Integration of AI with automotive software 

development process 
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Trend #2

Integration of AI with software development process 

AI Frameworks

Today20222021202020192018
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Mercedes-Benz Simulates Hardware Sensors with Deep Neural 

Networks based Virtual Sensor 

AI model from Python

import

Convert 

and 

“scale”

Software 

integration
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Mercedes-Benz Simulates Hardware Sensors with Deep Neural 

Networks based Virtual Sensor 

▪ CPU, memory, performance requirements met

▪ Flexible process established

▪ Development speed increased 600%

Automated workflow for deploying virtual 

sensors to powertrain ECU.

Use Deep Learning Toolbox, and Fixed-

Point Designer to convert Python AI 

models into code that can be deployed 

to an automotive ECU.
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15

Continued investment into importing and exporting AI models into 

MATLAB and Simulink 

TensorFlow-Keras Import

ONNX Converter (Import & Export)

TensorFlow Converter (Import)

TensorFlow Converter (Export)

PyTorch Converter (Import)
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16

BUILD

TEST

DEPLOY

MONITOR

Development Operations

Integrate AI with Software Development Workflows

Deployment

MBSE ↔MBD

System Simulation

Edge

IT/OT Systems

Embedded

{ RESTful API }

x86
C/C++

ARM

FPGA
C/C++

SOC/PLC

BUILD

DESIGN

Code Generation

Model- and 
Code-based V&V

OPERATE
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17

Leveraging 30 years of code generation experience for AI workflows

Generate code for AI 

model + pre- and post-

processing

Performant multi-processor deployment

FPGA

CPU

GPU
Code 

Generation

Pruning and quantization
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18

Manage AI tradeoffs for your system

EKF
Extended Kalman Filter

Tree
Fine Regression Tree

FFN
1-hidden layer Feedforward 

Network

LSTM
Stacked Long Short-Term 

Memory Network

Preprocessing effort

Training Speed N/A

Interpretability

Inference Speed

Model Size

Accuracy (RSME)

Battery SOC Estimation

18
Much Better Better Okay Worse

LSTM*
* Compressed Stacked Long 

Short-Term Memory Network
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1919

Model Compression Using Projection: 

93% size reduction with 2x speedup



20

MathWorks AUTOMOTIVE CONFERENCE 2023

Market trends driving AI in Automotive Development

1. AI improves existing systems and 

processes

3. Government regulation and certification

efforts 

2. Integration of AI with automotive software 

development process 

4. Shift from general-purpose AI to solving 

domain-specific problems using AI

MathWorks Response

AI in Simulink

2. Integration of AI with automotive software 

development process 

Interoperability  & DevOps Code generation

3. Government regulation and certification

efforts 
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Trend #3

Increase in government regulation and certification efforts 
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Trend #3

Increase in government regulation and certification efforts

Impact on MATLAB and Simulink Users

Increased interest in explainable AI & 
certification

XAI & 

Certification

Scenario-based 

Testing
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▪ Released Support Package in October 2022

▪ Released techniques focusing on fairness: bias detection and mitigation

▪ Engagement with certification bodies and working groups

Significant progress in Robustness: AI Verification & Certification

Neural 

Network

Road

No road
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Test AI based systems with scenario-based testing 
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Test AI based systems with scenario-based testing 
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Market trends driving AI in Automotive Development

1. AI improves existing systems and 

processes

3. Government regulation and certification

efforts 

2. Integration of AI with automotive software 

development process 

4. Shift from general-purpose AI to solving 

domain-specific problems using AI

MathWorks Response

AI in Simulink

Interoperability  & DevOps Code generation

3. Government regulation and certification

efforts 
XAI & Certification Scenario-based Testing

4. Shift from general-purpose AI to solving 

domain-specific problems using AI
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Domain Specific

NVH

General Purpose

Trend #4

Industry shift from investing in general-purpose AI to solving domain-

specific problems using AI

Speech recognitionGeneral purpose CV

Automotive controls
Predictive 

maintenance

Today20222021202020192018201720162015
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Road Condition Estimation with AI at Mahindra Truck and Bus

▪ Built model that estimates 

road condition from existing 

vehicle sensors

▪ Integrated with other control 

algorithms to improve fuel 

economy
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Trend #4

Industry shift from investing in general-purpose AI to solving domain-

specific problems using AI

Impact on MATLAB and Simulink users

• Reduced interest in learning AI 

• Increase in interest to apply AI for 
specific applications

• Focus shift from model-centric to data-
centric AI

Verticals & Data-centric AI
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Data-centric AI investments span many teams, data-types and 

domains

Data Synthesis Labeling Feature Engineering
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MathWorks provides you with reference applications for a variety of 

automotive use-cases

LidarReinforcement Learning

Audio and Signal ProcessingPredictive Maintenance

Automated Driving

500+ AI Examples

Built on the trusted 

capabilities of MathWorks 

products.



32

MathWorks AUTOMOTIVE CONFERENCE 2023

Market trends driving AI in Automotive Development

1. AI improves existing systems and 

processes

3. Government regulation and certification

efforts 

2. Integration of AI with automotive software 

development process 

4. Shift from general-purpose AI to solving 

domain-specific problems using AI

MathWorks Response

AI in Simulink

Interoperability  & DevOps Code generation

XAI & Certification Scenario-based Testing

4. Shift from general-purpose AI to solving 

domain-specific problems using AI

Verticals & Data-centric
AI
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People

Leverage MathWorks expertise for 

faster ramp-up and time to market

AI in Simulink

Code generation

XAI & Certification Scenario-based Testing

Verticals & Data-centric AI

MATLAB and Simulink for AI in Automotive Development

Interoperability  & DevOps



Training Courses

Statistical Methods in MATLAB

Machine Learning with MATLAB

Signal Preprocessing and Feature 

Extraction with MATLAB

Deep Learning with MATLAB

Optimization Techniques in MATLAB

Reinforcement Learning in MATLAB and 

Simulink

Automated Driving with MATLAB

Designing 3D Scenes with RoadRunner

Onramp Tutorials

• Machine Learning Onramp

• Deep Learning Onramp

• Reinforcement Learning 

Onramp

• Computer Vision Onramp

Upskill in AI

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
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Enjoy the Conference!

© 2023 The MathWorks, Inc.
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