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Agenda

• AI in Model-Based Design Workflow

• From modeling to deployment 

• Virtual Sensors in System-Level Simulation

• Electric motor rotor position tracking for controls

• Battery SOC estimation 

• PIL testing and production deployment

• Profile code performance and evaluate trade-offs
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Integrate AI models into MBD for system-level simulation and 

code generation

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
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Workflow for using AI for PMSM position estimation



Field-oriented control using physical position sensors



Field-oriented control using AI for position sensors



Data collection preparation 

Speed in PU (ω) Load Torque in PU (TL) Number of data collected

(Electrical cycles)

ω<0.1 0.05 100

0.1 < ω < 1 0 < TL <1 1000

Collect the simulation data

Data collection range

AI
Voltage 

Current 

Angular Position

Estimated Angular Position



Data Preparation AI Modeling Simulation & Test Deployment

AI modeling

3 options for AI Modeling:

Train in MATLAB’s Machine 

Learning Framework

1
Import model from 

TensorFlow or PyTorch

2
Train in MATLAB’s Deep 

Learning Framework

3
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Train the neural network

AI Modeling Simulation & TestData Preparation Deployment



Exported trained neural network to Simulink model

AI Modeling Simulation & TestData Preparation Deployment



Deploy speed control using neural network in hardware

AI Modeling Simulation & TestData Preparation Deployment



Agenda

AI in Model-Based Design Workflow

From modeling to deployment 

• Virtual Sensors in system-level simulation

• Battery SOC estimation 

Electric motor rotor position tracking for controls

PIL testing and production deployment

Profile code performance and evaluate trade-offs



System-level simulation of BMS
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plant
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Battery state-of-charge estimation using AI
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Data Preparation AI Modeling Simulation & Test Deployment18

Data preparation

Predictors

Data source: McMaster University*

* https://data.mendeley.com/datasets/cp3473x7xv/3

Computed 
over a 500 sec 

window
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AI SOC

https://data.mendeley.com/datasets/cp3473x7xv/3


Data Preparation AI Modeling Simulation & Test Deployment

AI modeling

Import model from 

TensorFlow or PyTorch

2
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Data Preparation AI Modeling Simulation & Test Deployment

Integrate your AI model for system-level simulation and test

Integration of trained AI model into Simulink System-level simulation
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Data Preparation AI Modeling Simulation & Test Deployment

Closed-loop system-level simulation
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Data Preparation AI Modeling Simulation & Test Deployment

Integration of trained AI models into Simulink
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Agenda

Design and train AI-based virtual sensors 

Battery SOC estimation 

Electric motor rotor position tracking for controls

System-level simulation and verification

• PIL testing and production deployment

• Profile code performance and evaluate trade-offs



Data Preparation AI Modeling Simulation & Test Deployment

Deploy to target with zero coding errors

Code 

Generation

CPU

GPU

µC

FPGA

oneDNN 

Library

ARM Compute 

Library

Any CPU

No Library needed
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Data Preparation AI Modeling Simulation & Test Deployment

Use Embedded Coder to generate code for machine learning

C/C++

Source Code

Code 

Generation Any CPU
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Data Preparation AI Modeling Simulation & Test Deployment

Generate library-free C/C++ code for deep learning networks

Intel CPU ARM Cortex-A

CPU

Optimization Library

Optimization Library

NVIDIA GPU

Library-Free

Source Code

Code 

Generation Any CPU

Inc. ARM Cortex-M
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Data Preparation AI Modeling Simulation & Test Deployment

Processor-in-the-loop testing on ARM Cortex-M7 processor

Arm® Cortex®-M

Code generation 

from algorithm

Deployed code 

communicates with 

simulated plant

NXP S32K344 

board
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Data Preparation AI Modeling Simulation & Test Deployment

Processor-in-the-loop testing on ARM Cortex-M7 processor
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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)

Results are specific to this Battery SOC Estimation example

29
Much Better Better Okay Worse

LSTM*
* Compressed Stacked Long 

Short-Term Memory Network



Key takeaways

Low-code workflow 

for AI Modeling 

through Apps

Import models from 

TensorFlow, 

PyTorch or other 

DL Frameworks

AI Modeling

Simulink blocks 

for AI models 

make integration 

easy

Simulation & TestData Preparation

Toolboxes for 

domain-specific 

pre/post-

processing​

Deployment

Code generation 

for embedded 

targets (incl. library 

free source code 

for Deep Learning)

Select and implement the optimal AI technique

Model Accuracy Deployment Efficiency

Model 

compression 

techniques to 

reduce model 

size and speed 

up inference

Compression

Model 

compression 

techniques to 

reduce model size 

and speed up 

inference
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In summary, build a virtual sensor using AI and integrate into Simulink for 

system-level simulation and code generation
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Visit our website to see more AI for electrification resources

Scan this QR code to access the page
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