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Engineers are developing domain-specific Al models to
solve problems
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Al is Often a Part of a Larger System
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Customers use MATLAB & Simulink Tools to Bridge Al
Frameworks and Deployment

Models From Any Framework
Including MATLAB, PyTorch,
TensorFlow, ONNX .
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These are several entry points to interoperation. Consider
what's needed for your application and workflow
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TensorFlow \ J

MATLAB . y lT
PyTorch | ' - A

L y P ‘ —P | TensorFlow
yTorch | =7 - <—
+ - D D 4
LTensorFlow MATLAB

Simulink

CICI-X

CUDA

Co-execution Model Exchange Direct code generation

Generate code directly

Use multiple frameworks together C t models bet fi k
P g OnVert models between frameworss from PyTorch and TensorFlow
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Lean-Hardware Deployment:
Virtual Sensor for Battery State-of-Charge Estimation



The Application: Virtual Sensor for Battery SoC

System Estimated
measurements ' ‘ quantity

Virtual Sensor

Why virtual? Because Physical sensors may be —

Expensive, Slow, Noisy, Unreliable, Not feasible, Unmanufacturable,
Degrading over time, Requiring redundancy, efc.



Workflow for developing Al-based virtual sensors

Data Preparation

Toolboxes for
domain-specific
pre/post-
processing

%

Al Modeling

Low-code Al
Modeling and
training through
MATLAB Apps

Model import from
PyTorch,
TensorFlow, and
ONNX

Simulation & Test

Simulink blocks
for Al inference
make integration

easy

Simulation-based
unit testing

Compression

Model
compression
techniques to
reduce model size
and accelerate
inference

Deployment

Automatic code
generation for
embedded targets




Import the PyTorch Model into MATLAB

([ ] [ ] MATLAB R2026a
HOME PLO’ APPS PROJECT LIVE EDITOR INSERT VIEW Search (38 {* Space) Q m

£ New Variable % Settings 5% Request Support &

@b ':‘\}’ ﬁ Go to File &7 E{é’ d? Run and Time @ @ & @
@ Open Variable ~ . ) ) Connections E] Feedback )

New New New Open d:l Find Files = Import Save Clean Favorites @ Clear Commands ~ @ Simulink = Layout Set Add-Ons Help Copilot

Script Live Script v v Data Workspace Data % Clear Workspace v v Path v |||| Parallel ~ v @ Learn MATLAB Chat

FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES COPILOT

< |ﬁ a @ [/ > users » jlanghaw » Documents » git-repos » ai-content-collection » ai-with-mbd-workshop »

14

Exercise_1.m X | Exercise_2.m X | import_pytorch_workflow.m X = Exercise_3.m x +
/Users/jianghaw/Documents/git-repos/ai-content-collection/ai-with-mbd-workshop/Part_2_Al_import/Exercise_2.m

Import PyTorch Model into MATLAB
(Recommended) Import Using Deep Network Designer

Launch the Deep Network Designer:

deepNetworkDesigner

Click on "Import" in the From PyTorch option from the Start Page. If you've not installed Deep Learning Toolbox Converter for PyTorch Models, you can first click the "Install" button and then click on
"Import" after the installation is complete.

eoe Deep Network Designer Start Page

Getting Started | Compare Pretrained Networks | Transfer Learning

v General

A&

BHEE

Blank Network From Workspace From MAT File From PyTorch From TensorFlow

v Image Networks (Pretrained)

Select the folder that contains the PyTorch model. Click Import.

NOTE: Your original PyTorch model must be traced and saved. See importNetworkFromPyTorch for instructions.
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Integrate Al model

[

SIMULATION
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Design a Closed-Loop Battery Management System
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Run Closed-Loop System-Level Simulation

SIMULATION MODELING HARDWARE
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Embedded Devices Have Limited Resources

Memory Performance
vy 32GB TFLOPs
8GB GFLOPs

[

[

¢ e

&

1kB~1MB MFLOPs

Power
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Compress an Al Model to Reduce Size While Maintaining
Accuracy

Structural Compression Datatype Compression
(Deep Learning Models) (Machine Learning + Deep
| | Learning Models)
efore pruning after pruning ———
pruning __ / fi:R3 > R? v - ’ L r 2 z
E n®(x) 7
o == 7 | 0
@) = )W) (vi—qv])x
Pruning Projection of deep Quantization of network
convolutional neural neural networks weights to lower precision
networks datatypes (bfloat16, int8)
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https://www.mathworks.com/company/newsletters/articles/compressing-neural-networks-using-network-projection.html

ompress an Al Model to Reduce Size While Maintaining

ccuracy

Deep Network Designer

DESIGNER

r B

Fit to View @ Zoom In %

B B ¢

New From duplicat Unlock Fit Q Zoom Out Auto Analyze Analyze for | Export
Workspace All Layers Arrange Compression v

NETWORK BUILD NAVIGATE LAYOUT ANALYSIS EXPORT a

Designer Compression Analysis %
Analysis for Network Compression 355KB | 9.1k 6
Analysis Date: 28-May-2026 15:10:53 memory total parameters layers
Q : MATLAB

Maximum Compression Minimum Network Size

Pruning Projection Quantization c ¢ Notwork 35.5KB

urrent Netwo .
0% 93.6% 73.4% 35.5K8
Projection 2.3 KB
Combine i for further p ion. First prune, then project, then quantize. ETFZr 9.4 KB
Layer Information Layer Parameter Memory
Name Type Pruning Projection Quantization Number of Learnables Number of State
Learnables Memory (KB) States Memory

1 input_1 Input - - ® 0 0 0

2 MLP:fc1 Fully Connected | A\ Requires upstream prunable layer. | () @ 768 3 0

3 MLP:relu RelLU - - @ 0 0 0

4 MLP:fc2 Fully Connected | /A\ Requires upstream prunable layer. | () @ 8256 32.2500 0

5 MLP:relu_rep4 |ReLU - - @ 0 0 0

6 MLP:fc3 Fully Connected A Requires upstream prunable layer. @ Layer size results in increased memory after pro... @ 65 0.2539 0

@© Fully supported

@ Partially supported A Blocked by network architecture

@ Not supported

s Fully Connected
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Generate Standalone C Code for ARM Cortex-M

LS

Code Generation

Code u '
Geraration Configure for your target

- Embedded Coder generates optimized
standalone C source code
Standalone — No dependencies on Python
o — No third-party libraries required on target

Source Code

Any CPU
Incl. ARM Cortex-M



Verify Code with Processor-in-the-Loop Testing

SIMULINK®

Set Plant Configuration

Battery_Model
StateRequest

m e

e | Code Verification
| 4 - Software-in-the-loop testing on host
= Processor-in-the-loop testing on target

= Hardware-in-the-loop testing on
Deployed code standalone target

communicates with
simulated plant

NXP S32K344 A

BMS_to_PLANT
g
z X
6{16} L=
Defay Subsystem

Code generation
from algorithm

board

Arm® Cortex®-M
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Lean Hardware Deployment Path: Leverage the Full
MATLAB and Simulink Ecosystem

Import Model
(PyTorch, ONNX,
TensorFlow)

Define Requirements Prepare Data Train Model Test Model Integrate Into Simulink Code Generation
[rp— - - LN - : . - - * * *
. : f ; ‘ o 'e \ Db

-----
\

Y

Deploi Model

Y \ 4

Compress Model

-
JAWA
T

- 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
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High-Performance Hardware Deployment:
Al-Powered Visual Inspection

20



The Application: Al-Powered Visual Inspection

Manufacturing

Retail self check-out
Autonomous vehicle
Robotics

21



Why Direct Code Generation?

O

Scenario
PyTorch Hub
_” - Large models from Hubs
TensorFlow Hub <) q - Keep source of truth in
Sy A H PyTorch/TensorFlow/ONNX
Models already compressed
4 ) = Need to integrate with larger engineered
“ ‘ N | system and deploy to embedded
L ) Benefits:
1 «  Wider model/layer support
Embedded = More direct workflow
Hardware Model truth stays in PyTorch
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PyTorch & LiteRT Code Generation Workflow

MATLAB Coder AP

I

loadPyTorchExportedProgram

loadLiteRTMode

1

- J

Simulink Block

intel. nVIb A.
PyTorch E }K
& LiteRT it —

CEEE Any CPU infineon
Generation o (Incl. ARM Cortex-M)
NVIDIA GPU ‘W
i3 TEXAS
INSTRUMENTS

Generated Code has

PyTorch ExportedProgram LiteRT
Deployable Deployable

Nin1 ..: e o out1 [ Yin1 *
.

= No dependencies
on Python

= No third-party
libraries required

out1 >

on target
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https://www.mathworks.com/help/coder/ref/loadpytorchexportedprogram.html
https://www.mathworks.com/help/coder/ref/loadlitertmodel.html

Supported Models & Generated Code

REN I Generated Code:

Image
Classification

ResNet50, MobileNetV2,
EfficientNet, Inceptionv3, - Standalone C, C++, or CUDA

MNASNet, DenseNet . Optimizations
Object_ YOLOVS8, YOLOv11, YOLOv26 — OpenMP
Detection SIMD
Segmentation SAMv2, Depth Anything _ Code replacement libraries
Vision DINOV2 - Data types: Single, FP16
Transformers
Language & RoBERTa, Whisper P . i
Audio Code Verification:
Generative ~ DCGAN, CycleGAN «  Software-in-the-loop
Networks .
= Processor-in-the-loop
Sequence LSTMs, GRU, BILSTM .
Models = Hardware-in-the-loop
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Bottle Counting on a Manufacturing Line

Perform instance segmentation and object detection using a You Only Look Once v26 (YOLO v26) model in the PyTorch ExportedProgram (|.pt2|) format.

. function out = yoloSegmentImagePt2_v26(in
img = imread("Bottle.jpg"); Y g & -v26(in)

%#codegen
pt2Model = loadPyTorchExportedProgram("yolo26n-seg-2out.pt2");
out = yoloSegmentImagePt2_v26(img); if size(in, 3) == 1
in = repmat(in, [1 1 3]);
Generate C/C++ code for the entry-point function targeting the CPU end
cfg = coder.config('lib'); origSize = size(in, 1:2);

inputSize = [640 640];
img = im2single(imresize(in, inputSize));

codegen -config cfg yoloSegmentImagePt2_v26 -args {img} -report

persistent yoloSegModel
if isempty(yoloSegModel)

yoloSegModel = loadPyTorchExportedProgram("yolo26n-seg-2out.pt2");
end

outs = cell(1, 2);

[outs{:}] = yoloSegModel.invoke(permute(img, [4 3 1 2]));
detections = squeeze(outs{1});

masks = permute(squeeze(outs{2}), [2 3 1]);

scores = detections(:, 5);

keep = scores > 0.5;

bboxes_xyxy = detections(keep, 1:4);
labels = detections(keep, 6) + 1;
maskCoeffs = detections(keep, 7:38);

bboxes_xyxy(:, [1 3]) = bboxes_xyxy(:, [1 3]) * origSize(2) / inputSize(2);
bboxes_xyxy(:, [2 4]) = bboxes_xyxy(:, [2 4]) * origSize(1l) / inputSize(1);
binaryMasks = processMasks(masks, maskCoeffs, bboxes_xyxy, origSize);

bboxes_xywh = bboxes_xyxy;

bboxes_xywh(:, 3) = bboxes_xyxy(:, 3) - bboxes_xyxy(:, 1);
bboxes_xywh(:, 4) = bboxes_xyxy(:, 4) - bboxes_xyxy(:, 2);
bboxes_xywh = max(floor(bboxes_xywh), 1);

classes = createClasses(labels);

RGB
out

insertObjectMask(in, binaryMasks, LineColor=[1 1 1], LineWidth=1);
insertObjectAnnotation(RGB, 'rectangle', bboxes_xywh, classes);

25
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Self-Checkout Object Detection

Perform instance segmentation and object detection using a You Only Look Once v26 (YOLO v26) model in the PyTorch ExportedProgram (|.pt2|) format.

function out = yoloSegmentImagePt2_v26(in)

img = imread("Grocery.jpg"); %#codegen
pt2Model = loadPyTorchExportedProgram("yolo26n-seg-2out.pt2");
out = yoloSegmentImagePt2_v26(img); if size(in, 3) ==1
in = repmat(in, [1 1 3]);
Generate C/C++ code for the entry-point function targeting the CPU end

origSize = size(in, 1:2);
inputSize = [640 640];
img = im2single(imresize(in, inputSize));

- persistent yoloSegModel

if isempty(yoloSegModel)
yoloSegModel = loadPyTorchExportedProgram("“yolo26n-seg-2out.pt2");
end

cfg = coder.config('lib");
codegen -config cfg yoloSegmentImagePt2_v26 -args {img} -report

outs = cell(l, 2);
[outs{:}] = yoloSegModel.invoke(permute(img, [4 3 1 2]));

- detections = squeeze(outs{1});
- ._Q masks = permute(squeeze(outs{2}), [2 3 1]);
L scores = detections(:, 5);

keep = scores > 0.5;

bboxes_xyxy = detections(keep, 1:4);
labels = detections(keep, 6) + 1;
maskCoeffs = detections(keep, 7:38);

bboxes_xyxy(:, [1 3]) = bboxes_xyxy(:, [1 3]) * origSize(2) / inputSize(2);
bboxes_xyxy(:, [2 4]) = bboxes_xyxy(:, [2 4]) * origSize(1l) / inputSize(1);
binaryMasks = processMasks(masks, maskCoeffs, bboxes_xyxy, origSize);

bboxes_xywh = bboxes_xyxy;

bboxes_xywh(:, 3) = bboxes_xyxy(:, 3) - bboxes_xyxy(:, 1);
bboxes_xywh(:, 4) = bboxes_xyxy(:, 4) - bboxes_xyxy(:, 2);
bboxes_xywh = max(floor(bboxes_xywh), 1);

classes = createClasses(labels);

RGB
out

insertObjectMask(in, binaryMasks, LineColor=[1 1 1], LineWidth=1);
insertObjectAnnotation(RGB, 'rectangle', bboxes_xywh, classes);

26
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Performance Benchmarks
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Simulink Integration: Autonomous Vehicle Perception
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High-Performance Hardware Deployment Path: Direct Code
Generation from PyTorch for Engineered System

PyTorch
& LiteRT
Code

1i tlite Generation

- Key Benefits:

— Wider model and layer support

inte)  NVIDIA

Any CPU infineon
(Incl. ARM Cortex-M) &—/
NVIDIA GPU " J

fe.augmented

13 TEXAS
INSTRUMENTS

— 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 Al Models for Safety-Critical Systems

Why Verify?

Safety-critical systems

Automotive, aerospace,
medical

Regulatory requirements
Adversarial robustness

Deep Learning Toolbox Interface for
alpha-beta-CROWN Verifier

by MathWorks Deep Learning Toolbox Team

Verify robustness properties of PyTorch and ONNX Deep Neural
Networks using the a,3-CROWN (alpha-beta-CROWN) Verifier

ﬁ@g

Capabilities:

Robustness verification
Adversarial attack analysis
Coverage metrics

Formal guarantees

verified

violated

30



Choosing the Right Workflow

£

s

Deep Learning Toolbox + Code Generation
= Compression using MathWorks tools

- Need model surgery

= Targeting MCUs

= Want INT8 code generation

4 N
O%
s

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

31



Summary & Key Takeaways

A O2
3§ $$ 8
Deep Learning PyTorch &
Toolbox Code LiteRT Code
Generation Generation
Deploy to Deploy to
Lean Hardware High-Performance
Hardware

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
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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

Since R2024b

Train Deep Learning Network for Battery State of Charge Estimation R2026a

Step 3 of 8 in Battery State of Charge Estimation Using Deep Learning Open in MATLAB ~

This example shows how to train a deep neural network to predict battery state of charge (SOC).

&) Copy Command

Define Reiulremenls Prtare Data Train Model Test Model Integrate Into Simuink Code Generation Deploy Model

TEMPERATURE ﬁ
VOUTAGE sy
CURRENT

SOC is the level of charge of an electric battery relative to its capacity, measured as a percentage. This example shows how to train a
deep learning network to predict battery state of charge given the temperature, voltage, and current.

SOC

This example is step three in a series of examples that take you through a battery state of charge estimation workflow. You can run
each step independently or work through the steps in order. This example follows the Prepare Data for Battery State of Charge
Estimation Using Deep Learning example. For more information about the full workflow, see Battery State of Charge Estimation Using

Generate Code for Segmentation and Object Detection Using YOLO v11

LiteRT Model

Since R2026a

This example shows how to generate a CUDA® executable for a You Only Look Once v11 (YOLO
v11) model. The generated CUDA code does not contain dependencies to the NVIDIA® cuDNN or
TensorRT™ deep learning libraries. This example uses a YOLO v11 model that was trained by
Ultralytics on the COCO data set. YOLO v11 is one of the best performing real-time object detectors
and is considered as improvement to the existing YOLO variants such as YOLO v8, YOLO v9 and
YOLO v10. The instance segmentation variation of the YOLO v11 model provides masks or contours
that outline each detected object that helps in segmenting the objects from the rest of the image.

Third-Party Prerequisites
This example requires a CUDA-enabled NVIDIA® GPU and a compatible driver.
For non-MEX builds, such as static, dynamic libraries or executables, this example also requires:

« The NVIDIA CUDA toolkit.

« Environment variables for the compilers and libraries. For more information, see Third-Party
Hardware (GPU Coder) and Setting Up the Prerequisite Products (GPU Coder).

R2026a f of Charge Estimation Using Deep Learning.

This example uses:

that you prepared in the previous step.

larray containing the temperature, voltage, and
hits, where each data set is a cell array containing

MATLAB Coder
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Visualize the segmented image by running the generated executable.

out = yoloSegmentImage_mex(I);
imshow(out);
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