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Why these trends? 

They help you overcome common challenges

• Models/Algorithms are too slow to run in real time

• Models are unnecessarily complex

• Models are inaccurate

• Measurements are difficult to obtain
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AI Landscape

Machine Learning vs Deep Learning vs Reinforcement Learning
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Trend 1 Reduced Order Modelling (ROM)

Why?! 
Create faster more light weight models of High-Fidelity Physics based Models for tasks when speed is 
more important than accuracy

How?
Train on simulated data from the high-fidelity model and/or real data
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Demo Description

Engine torque estimation

Inputs
Engine speed (RPM)

Ignition timing

Throttle position

Wastegate valve

Outputs
Engine Torque

• Replacing the high-fidelity SI engine 

model with AI

• Speed up model to get real-time 

simulation

Engine model 10-50x faster

Overall simulation 2.5x faster
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Simulink implementation of learning models
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Integrate into a system-level model for overall simulation

Engine Torque

Engine Torque

Velocity based on powertrain blockset SI model
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Generate code for LSTM model
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Want to learn more?? 

Link to webpage Link to video

https://www.mathworks.com/discovery/reduced-order-modeling.html
https://www.mathworks.com/videos/reduced-order-modeling-applications-and-methods-1643264682176.html
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Trend 2 AI based Virtual Sensors

OR 

Why?!

How? 

Train a model that can predict the wanted measurement using data from existing sensors

A physical sensor may be:
▪ Expensive

▪ Noisy 

▪ Degrading over time

▪ Impossible to place

▪ …



17

AI based Virtual Sensors for Temperature Estimation
Use lab data to replace expensive sensors with AI based sensor

White-box Gray-box

▪ Permanent Magnet Synchronous Motor (electric motor)

▪ Temperature Estimation

▪ Data collected via contactless infrared sensor 

Inputs
Ambient Temperature

Coolant Temperature

Voltage

Current

Motor speed

Outputs
Permanent Magnet Temperature

Stator Yoke Temperature

Stator Teeth Temperature

Stator Winding Temperature

Link to blog post

https://blogs.mathworks.com/deep-learning/2021/05/21/deep-learning-based-surrogate-models/?from=cn
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AI model training
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Simulink Implementation
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Code generation
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Other use cases of Virtual Sensors?

AI based Virtual Sensors for State Of Charge Estimation

Link to video from 

MathWorks Automotive Conference

Link to video from 

MathWorks Automotive Conference

https://www.mathworks.com/videos/battery-soh-and-soc-estimation-using-a-hybrid-machine-learning-approach-1654074965428.html
https://www.mathworks.com/videos/onboard-battery-pack-state-of-charge-estimation-using-a-trained-neural-network-1654097316503.html
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Other use cases of Virtual Sensors? 

AI based Virtual Sensors for NOx Estimation 

Link to article Link to presentation

https://se.mathworks.com/company/newsletters/articles/using-deep-learning-networks-to-estimate-nox-emissions.html
https://se.mathworks.com/videos/applying-ai-technologies-to-vehicle-sensor-modeling-1654065326559.html
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Learn more?? 

Video - AI with Model Based Design: Virtual Sensor Modelling

https://se.mathworks.com/videos/ai-with-model-based-design-virtual-sensor-modeling-1664290300551.html
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Trend 3 Reinforcement Learning based Controls 

Why?!

▪ The system you want to control or make decisions for is highly non-linear or uncertain

▪ Get an end-to-end solution

ENVIRONMENT

ACTIONS

REWARD

OBSERVATIONS
Agent (AI)



27

End-to-end Reinforcement Learning

Planning/

Scheduling Control

Plant

Reinforcement Learning Agent

Measurement/ 

Perception
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Automatic Parking Example

Link to example

https://se.mathworks.com/help/reinforcement-learning/ug/train-ppo-agent-for-automatic-parking-valet.html
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RL based controls

Link to customer presentation

Link to customer presentation

https://www.mathworks.com/videos/a-perspective-on-deploying-reinforcement-learning-to-augment-classic-control-design-1605627720849.html
https://www.mathworks.com/videos/reinforcement-learning-a-motivation-for-a-powertrain-control-engineer-1603366042838.html
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Learn more?!

▪ Tech Talk video series on 

Reinforcement Learning concepts 

for engineers

▪ Reinforcement Learning Onramp

Reinforcement Learning Onramp Video series

https://se.mathworks.com/learn/tutorials/reinforcement-learning-onramp.html
https://se.mathworks.com/videos/series/reinforcement-learning.html
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Trend 4 Data Synthesis

Why?!
When data is hard to get through lab test or otherwise

How? 
Repurpose existing simulation models
Use Digital Twins to generate data to train better AI models for application deployment
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Simulate fault data with Digital Twins

Leakage Area = [1e-9  0.036]

Bearing Friction = [0  6e-4]

Blocking Fault =  [0.3 0.8]
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Enhance datasets for AI using Digital Twins

Challenge
Increase the performance of an automated beverage-

packaging system by incorporating a dynamic tripod robot 

into the design

Solution

Use Simulink and Simscape Multibody to create an 

accurate digital twin that supports design optimization, fault 

testing, and predictive maintenance

Results
▪ Robot performance increased

▪ Product development time shortened

▪ Testing time significantly reduced

During simulations the team injected faults, such 

as extremely high friction, to analyze system 

behavior under fault conditions.

They then used the tripod robot model to train a 

machine learning classification algorithm for 

predictive maintenance.

The Krones Robobox T-GM package-handling robot.

Link to user story

https://www.mathworks.com/company/user_stories/krones-develops-package-handling-robot-digital-twin.html
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Learn more?? 

Video - Design for Predictive Maintenance: Data Generation

https://se.mathworks.com/videos/model-based-design-for-predictive-maintenance-part-1-data-generation-1577962505030.html
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Conclusions?

▪ Many promising applications in the intersection between AI and Simulation

– AI models can be used to enhance simulation models

– Simulation models can be used to enhance AI models

▪ In MATLAB and Simulink you can use one toolchain to do both AI and 

Simulation with seamless interaction in-between
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Thank You!

▪ Questions? aloytyno@mathworks.com

mailto:aloytyno@mathworks.com
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