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Engineers are developing domain-specific AI models to 
solve problems

Predictive
Maintenance

Anomaly Detection

Fault Detection

RUL Estimation

Visual
Inspection

Defect Detection

Wafer Inspection

Factory Automation

Wireless

Digital Pre-Distortion

Device Identification

Localization

Virtual 
Sensing

Environment

Process Monitoring

Physical sensor

Data-Driven 
Control

ROM

System Identification

Control Design

and 
more…
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AI is Often a Part of a Larger System

3

Battery

Battery Management 
System

LogicSupervisory 
Control Logic

Battery plant

LoadSOC Estimation
(AI-based 

Virtual Sensor 
Model)
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Customers use MATLAB & Simulink Tools to Bridge AI 
Frameworks and Deployment

Code 
Generation

CPU

GPU

MCU

FPGA

4

Models From Any Framework
Including MATLAB, PyTorch, 
TensorFlow, ONNX

Domain-specific 
Data Preprocessing

System-level 
Simulation



5

These are several entry points to interoperation. Consider 
what’s needed for your application and workflow

Co-execution
Use multiple frameworks together

Direct code generation
Generate code directly 
from PyTorch and TensorFlow

Model Exchange
Convert models between frameworks
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PyTorch & LiteRT 
Code Generation

Deploy to
High-Performance 

Hardware

Deep Learning Toolbox 
Code Generation

Deploy to
Lean Hardware
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Lean-Hardware Deployment: 
Virtual Sensor for Battery State-of-Charge Estimation
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The Application: Virtual Sensor for Battery SoC

System 
measurements

Estimated 
quantity

Virtual Sensor

Why virtual? Because Physical sensors may be – 
Expensive, Slow, Noisy, Unreliable, Not feasible, Unmanufacturable, 
Degrading over time, Requiring redundancy, etc.
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Workflow for developing AI-based virtual sensors

Low-code AI 
Modeling and 
training through 
MATLAB Apps

Model import from 
PyTorch, 
TensorFlow, and 
ONNX

AI Modeling

Simulink blocks 
for AI inference 
make integration 
easy

Simulation-based 
unit testing

Simulation & TestData Preparation
Toolboxes for 
domain-specific 
pre/post-
processing 

Deployment

Automatic code 
generation for 
embedded targets

Model 
compression 
techniques to 
reduce model 
size and speed 
up inference

Compression

Model 
compression 
techniques to 
reduce model size 
and accelerate 
inference
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Import the PyTorch Model into MATLAB
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Integrate AI model into Simulink
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Design a Closed-Loop Battery Management System 

12

Battery

Battery Management 
System

LogicSupervisory 
Control Logic

Battery plant

Load

SOC Estimation
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Run Closed-Loop System-Level Simulation
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Embedded Devices Have Limited Resources

32GB

8GB

1kB~1MB

PowerMemory Performance

TFLOPs

GFLOPs

MFLOPs
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Compress an AI Model to Reduce Size While Maintaining 
Accuracy

Projection of deep 
neural networks

Quantization of network 
weights to lower precision 
datatypes (bfloat16, int8)

Structural Compression
(Deep Learning Models)

Datatype Compression
(Machine Learning + Deep 

Learning Models)

Pruning 
convolutional neural 

networks

https://www.mathworks.com/company/newsletters/articles/compressing-neural-networks-using-network-projection.html
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Compress an AI Model to Reduce Size While Maintaining 
Accuracy
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Standalone 
C/C++

Source Code

Any CPU
Incl. ARM Cortex-M

Code 
Generation

Generate Standalone C Code for ARM Cortex-M

Code Generation
▪ Configure for your target
▪ Embedded Coder generates optimized 

standalone C source code
– No dependencies on Python
– No third-party libraries required on target
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Verify Code with Processor-in-the-Loop Testing

Arm® Cortex®-M

Code generation 
from algorithm

Deployed code 
communicates with 

simulated plant

NXP S32K344 
board

Code Verification
▪ Software-in-the-loop testing on host
▪ Processor-in-the-loop testing on target
▪ Hardware-in-the-loop testing on 

standalone target
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▪ Key Benefits:
– Model surgery, fine-tuning, visualization, analysis and compression tools
– INT8 code generation for quantized networks
– Full system-in-the-loop/processor-in-the-loop verification and simulation

Lean Hardware Deployment Path: Leverage the Full 
MATLAB and Simulink Ecosystem 

Import Model
(PyTorch, ONNX, 

TensorFlow)
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High-Performance Hardware Deployment: 
AI-Powered Visual Inspection
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The Application: AI-Powered Visual Inspection

▪ Manufacturing
▪ Retail self check-out
▪ Autonomous vehicle
▪ Robotics
▪ …
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Why Direct Code Generation?

Embedded 
Hardware

Scenario
▪ Large models from Hubs
▪ Keep source of truth in 

PyTorch/TensorFlow/ONNX
▪ Models already compressed
▪ Need to integrate with larger engineered 

system and deploy to embedded

Benefits:
▪ Wider model/layer support
▪ More direct workflow
▪ Model truth stays in PyTorch

TensorFlow Hub

PyTorch Hub

Company AI Hub
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PyTorch & LiteRT Code Generation Workflow

Any CPU
(Incl. ARM Cortex-M)

NVIDIA GPU

.pt2

.tflite

.c/.cpp

.cu

PyTorch
& LiteRT 

Code 
Generation

MATLAB Coder API
loadPyTorchExportedProgram

loadLiteRTModel

Simulink Block
Generated Code has
▪ No dependencies 

on Python
▪ No third-party 

libraries required 
on target

https://www.mathworks.com/help/coder/ref/loadpytorchexportedprogram.html
https://www.mathworks.com/help/coder/ref/loadlitertmodel.html
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Supported Models & Generated Code

Types Models

Image 
Classification

ResNet50, MobileNetV2, 
EfficientNet, Inceptionv3, 
MNASNet, DenseNet

Object 
Detection

YOLOv8, YOLOv11, YOLOv26

Segmentation SAMv2, Depth Anything

Vision 
Transformers

DINOv2

Language & 
Audio

RoBERTa, Whisper

Generative 
Networks

DCGAN, CycleGAN

Sequence 
Models

LSTMs, GRU, BiLSTM

Generated Code:
▪ Standalone C, C++, or CUDA
▪ Optimizations

– OpenMP
– SIMD
– Code replacement libraries

▪ Data types: Single, FP16

Code Verification:
▪ Software-in-the-loop
▪ Processor-in-the-loop
▪ Hardware-in-the-loop
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Bottle Counting on a Manufacturing Line
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Self-Checkout Object Detection
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Strong 
Performance on 
NVIDIA Desktop 
GPU (RTX 4080)

NVIDIA GeForce RTX 4080 (16GB VRAM)
CUDA 12.4

Good 
Performance on 
Raspberry Pi 4 
(ARM Cortex-A)

Performance Benchmarks
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Simulink Integration: Autonomous Vehicle Perception

▪ Model 
Reference

▪ Rapid 
Accelerator 
Mode

▪ SIL
▪ PIL
▪ …
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High-Performance Hardware Deployment Path: Direct Code 
Generation from PyTorch for Engineered System

▪ Key Benefits:
– Wider model and layer support
– Simpler, more direct workflow from PyTorch to code
– No Python or 3P dependencies in generated code
– Scales from standalone inference to full Simulink system simulation
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Verify AI Models for Safety-Critical Systems

Why Verify?
▪ Safety-critical systems
▪ Automotive, aerospace, 

medical
▪ Regulatory requirements
▪ Adversarial robustness

Capabilities:
▪ Robustness verification
▪ Adversarial attack analysis
▪ Coverage metrics
▪ Formal guarantees
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Choosing the Right Workflow

Deep Learning Toolbox + Code Generation
▪ Compression using MathWorks tools
▪ Need model surgery
▪ Targeting MCUs
▪ Want INT8 code generation

PyTorch & LiteRT Code Generation
▪ Larger model, already compressed
▪ Keep source-of-truth in PyTorch
▪ Wider layer support needed
▪ Targeting GPU, ARM Cortex-A, 

Industrial PCs
▪ Want direct workflow
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▪ MATLAB & Simulink integrate deeply with PyTorch and TensorFlow
▪ Full system-level simulation and verification before deployment
▪ One environment from data preparation to production code
▪ Two proven deployment paths for different hardware targets
▪ Choose the workflow that matches your hardware and model 

complexity

Summary & Key Takeaways
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Resources & Next Steps

▪ Documentation
– Deep Learning Toolbox
– MATLAB Coder
– GPU Coder
– Embedded Coder

▪ PyTorch & LiteRT code 
generation examples

▪ Battery SoC estimation 
example

▪ Product trial: 
www.mathworks.com/trial

https://www.mathworks.com/help/deeplearning/index.html
https://www.mathworks.com/help/deeplearning/index.html
https://www.mathworks.com/help/coder/deep-learning-with-matlab-coder.html
https://www.mathworks.com/help/coder/deep-learning-with-matlab-coder.html
https://www.mathworks.com/help/gpucoder/gpucoder-deep-learning.html
https://www.mathworks.com/help/gpucoder/gpucoder-deep-learning.html
https://www.mathworks.com/help/ecoder/
https://www.mathworks.com/help/ecoder/
https://www.mathworks.com/matlabcentral/fileexchange/182229-matlab-coder-support-package-for-pytorch-and-litert-models?s_tid=srchtitle
https://www.mathworks.com/matlabcentral/fileexchange/182229-matlab-coder-support-package-for-pytorch-and-litert-models?s_tid=srchtitle
https://www.mathworks.com/matlabcentral/fileexchange/182229-matlab-coder-support-package-for-pytorch-and-litert-models?s_tid=srchtitle
https://www.mathworks.com/help/deeplearning/ug/define-requirements-for-battery-state-of-charge-estimation.html
https://www.mathworks.com/help/deeplearning/ug/define-requirements-for-battery-state-of-charge-estimation.html
https://www.mathworks.com/help/deeplearning/ug/define-requirements-for-battery-state-of-charge-estimation.html
http://www.mathworks.com/trial
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