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Common use case: combine MATLAB with python for Al
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Comprehensive end-to-end solutions for complex IT environments
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MATLAB B EE#E-Campus Wide License
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Wide Range of Applications with GPU Coder
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DENSO Ten Drass Airbus
Vehicle detection and traffic flow analysis Maritime object tracking on NVIDIA GPU Aircraft inspection on Jetson

M&R Technoloqgy JINGCE Electronics Continental
Medical Ray-Tracing Algorithms Display measurement instrument on Jetson Computer Vision Stack for AD
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https://www.mathworks.com/company/user_stories/drass-develops-deep-learning-system-for-real-time-object-detection-in-maritime-environments.html
https://ww2.mathworks.cn/videos/semiconductor-intelligent-manufacturing-model-based-design-and-practice-for-intelligent-measurement-system-1625831745205.html?s_tid=srchtitle_%25E7%25B2%25BE%25E6%25B5%258B_1
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/images/responsive/supporting/events/2019-expo/fr/airbus-nicolas-castet-artificial-intelligence.pdf
https://www.mathworks.com/company/user_stories/denso-ten-develops-mobility-solutions.html?s_tid=srchtitle
https://www.mathworks.com/company/user_stories/denso-ten-develops-mobility-solutions.html?s_tid=srchtitle
https://www.mathworks.com/company/user_stories/m-r-technology-accelerates-medical-ray-tracing-algorithms-on-desktop-computers-using-gpu-coder-automatic-cuda-code-generation.html?s_tid=srchtitle

Drass Develops Deep Learning System for Real-Time Object
Detection in Maritime Environments

Challenge
Help ship operators monitor sea environments and detect objects,
obstacles, and other ships

Solution

Create an object-detection deep learning model that can be
deployed on ships and run in real time

Results
= Data Iabeling automated Ei:)s;t)cti;ge?f object detection tests with optronic system
= Development time reduced
= Flexible and reproducible framework established “From data annotation to choosing, training, testing,

and fine-tuning our deep learning model, MATLAB
had all the tools we needed—and GPU Coder
enabled us to rapidly deploy to our NVIDIA GPUs
even though we had limited GPU experience.”

- Valerio Imbriolo, Drass Group

Link to user story
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Automated Optical Inspection Example

tb_myNDNet_Jetson.mix

myNDNet_Preprocess.m

. | myNDNet_Postprocess.m | targetFunctionm | +

Current Fold

CNN and post-processing

Read new image captured by webCam. The images used to train network were pre-processed image to fit it in input image size of
network. Original image captured by webCam is like this;

img = imread(’'testImg.png’);

51 figure, imshow(img) I

52 % So, we need to extract where the nuts are as an ROI before passing image
53 % to the network.

Pre-processing for captured image from webcam
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Why Use CUDA code generation ?

Pains: Hand code

« Cannot code in CUDA
= Time consuming
Manual Coding Errors
Multiple implementations
-  EXxpensive
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Solution: GPU Coder

Automatically convert to CUDA
Get to optimized CUDA faster
Eliminate manual coding errors
Maintain Single “Truth”

Stay within MATLAB/Simulink at
a higher level
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Working with GPU Coder: Three-Step Workflow

PREPARE = TEST m=)  GENERATE = cuoa

|

Prepare your MATLAB algorithm for code generation
Make implementation choices
= Use supported language features

Test if your MATLAB code is ready for code generation
= Validate that MATLAB program generates code
= Accelerate execution of user-written algorithm

Generate source code or MEX for final use
= lterate your MATLAB code and use profiling tools to help optimize further
= Implement as source, executable, or library
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Deep Learning Code Generation
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Performance of Generated Code from GPU Coder
Batch Size 1
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Performance of Generated Code from GPU Coder
Batch Size 8
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Run Simulation on Desktop GPU
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Example: Image Classification by ResNet-50
15 function out = resnet predict(in) %#codegen

2 % Copyright 2020-2024 The MathWorks, Inc.

3

4 persistent dlnet; ell pepper
5

6 dlIn = dlarray(in, 'SSC'"); deumber
7 if isempty(dlnet) o
84 % Call the function resnet50 that returns a dlnetwork object’

Or % for ResNet-50 model. corn squash
10 dlnet = imagePretrainedNetwork('resnet50');

11 end R
12

13 dlOut = predict(dlnet, dlIn);

14 out = extractdata(dlOut);

15

16 - end
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= gpuDeviceCount % #~ GPU &=
- gpuDevice(1) % #/RsE—5k GPU HYEFAIE T

ans =

Name: 'NVIDIA RTX A500 Laptop GPU'
Index: 1 (of 1)
ComputeCapability: '8.6"
DriverModel: 'WDDM'
TotalMemory: 4294508544 (4.29 GB)
AvailableMemory: 3464757248 (3.46 GB)
DeviceAvailable: true

DeviceSelected: true

Show all properties.
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Verify GPU code generation environment

» coder.checkGpulnstall " gpucoderSetup

C(}mpatible GPU « PASSED . GPU Environment Check A - X

CUDA Environment : PASSED _ _ €]
Runt ime . PASSED GPU Code Generation Environment Check / Setup

cul'FT : PASSED Select Hardware [Hcst (for MEX) ¥ |
cuSOLVER : PASSED Select GPU | GPUO-Quadro... v |
cuBLAS : PASSED
Host Compiler : PASSED Workflow Checks
Basic Code Generation + PASSED
Basic Code Generation Deep Leaming Code Generation
Basic Code Execution : PASSED — ]
(®) Generate Code (®) Generate Code
(_) Generate and Execute () Generate and Execute
IESUltS = Target | none v
Data Ty FP32
Check

struct with fields:

1 Environment Checks

gpu:
cuda: 1 | Eﬂ

CUDA Installation Path | jusrlocalicuda

cudnn: 0

cuDMNM
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RO ..
Generate GUDA code from GPU Coder

[ 444 |

! &] GPU Coder - resnet_predict.prj

iﬁ P I,II I REPORT

GPU Code <=

Back
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(4 Find Trace | EditIn
Code = MATLAB

NAVIGATE TRACE EDIT

Package Export Report
Code Information

SHARE

| » MATLAB Source

| Files

|

~ Generated Code

GPU Kernels
_| VIVY 1ENS0roase.cpp

(') MWTensorBase.hpp

[) dinetwork.cu

() dinetwork.h

[ ) predict.cu

[) predicth

() resnet_predict.cu

[) resnet_predicth

[) resnet_predict_data.cu

[) resnet_predict_data.h

() resnet_predict_initialize.cu
() resnet_predict_initialize.h
() resnet_predict_internal_types.h
[) resnet_predict_rtwutil.cu
[) resnet_predict_rtwutil.h

[ ) resnet_predict_spec.h

4\ GPU Coder Report Viewer - C:\Users\Judy\Documents\MATLAB\Examples\R2024b\deeplearning_shared\CodeGenerationForDeeplLearningNetworksExample\codegen\dll\resnet_predict\html\rep.. — O X
=e 0
&

= resnet_predict.cu

ST i oo esroe—o—omnrey

20 -
21 static boolean_T dlnet_not_empty;

22

“| 23 // Function Definitions

24 //

25 // Copyright 2828-2824 The MathWorks, Inc.

26 //

27 // Arguments : const float cpu_in[150528]

28 // float cpu_out[1eee]

29 // Return Type : void

3@ //

31 void resnet_predict(const float cpu_in[15@528], float cpu_out[1lee@])

32 {

33 float(*gpu_in)[158528];

34 float(*gpu_out)[1leee];

35 if (!isInitialized_resnet_predict) {

36 resnet_predict_initialize();

37

38 b_checkCudaError(mwCudaMalloc(&gpu_out, 4@@0ULL), _ FILE_ , _ LINE_ );

39 b_checkCudaError(mwCudaMalloc(&gpu_in, 602112ULL), _ FILE_ , _ LINE_ );

40 if (!dlnet_not_empty) {

41 // Call the function resnet5e that returns a dlnetwork object -

Summary All Messages (0) Build Logs Code Insights (0) Variables

[ ) resnet_predict_terminate.cu

[) resnet_predict_terminate.h

[) resnet_predict_types.h

() rtwtypes.h

[) shared_layers_export_macros.hpp
[) tmwtypes.h

Example Files

() main.cu

[) main.h

Bu

@ Code generation successful
Generated on:  12-Jun-2025 23:01:22

ild type:  Dynamic Library

Toolchain:  NVIDIA CUDA (w/Microsoft Visual C++ 2017) | nmake (64-bit Windows)

Build  Faster Runs

Canfinuratinn-
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Python code

os.add_dll directory( \P \N \CUDA\v )
os.add_dll_directory( \P \N \CUDA\c )
os.add_dll_directory( \P \M \R )

except:

print(" %%Dﬁif%ﬁﬁcum?ﬁ@DLLﬂﬁEﬁiEEE@%@f’E" )

setup_dl1():
dll _path = \G \c \r \r
if os.path.exists(dll _path):

print(f"[#852] IXAZIDLLIEZE: {dll_path}")
sys.exit(1)

dll = ctypes.CDLL(d1l1l_path)

dll.resnet_predict.argtypes = [
ctypes.POINTER(ctypes.c_float),
ctypes .POINTER(ctypes.c_float)

]
dll.resnet_predict.restype =

print("{EHREZRPOINTERGZREDLLEZE ")



EELLER: MATLAB GPU Coder DLL vs PyTorch: 4.15

% Figure 1

BWAER

PyTorch ResNet50
(FERS: 0.1121%)

=

MATLAB GPU Coder DLL
(§E0%: 0.0270%)

bell_pepper

cucumber

acorn_squash

grocery_store

zucchini

bell_pepper -

nipple 1

cradle

balloon A

toyshop 1

o
o
®

HITRER (7))
<)
&

=3
o
=

0.0

AaEd» Q=

© Terasoft, Inc.

0.1

=

ISR

0.1121s

0.0270s

PyTorch

MATLAB
GPU Coder




Key Takeaways

MATLAB empowers rapid development of visual inspection algorithms

« GPU Coder automatically converts these algorithms into native CUDA C
code

» Seamless integration with Python-based systems
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