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MATLAB EXPO

Key Takeaways

é GPU Coder generates CUDA code from MATLAB & Simulink

7\ Accelerate MATLAB & Simulink simulations

i[m): Deploy algorithms (signal/deep learning,...) to embedded GPUs
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DENSO TEN Uses MATLAB to Develop Mobile Cyber-Physical System

m-CPST™MDEETE DENSO TEN
. . . . . W \WW:Q\?;:* v:&) g AT SER .w
DENSO TEN is developing mobility solutions using a Co s [m-cr E [E=Reigy o5
cyber-physical system. The system consists of edge ey < P
computers on vehicles and cloud Al. Mobility data collected € S0
from VCU and edge computers will be analyzed in the s oo QR T 2> G
cloud to derive solutions for mobility problems. = Xl
EE( ! e Lk J[=v] (o]
-H—EZ5mi | veu - -
Key Outcomes/Results
* DENSO TEN used MATLAB to develop and deploy a Mobility solution powered by edge devices and a centralized

production-ready system that spanned hardware and cloud to analyze and predict traffic flow.
cloud applications without manual recoding

= MATLAB enabled DENSO TEN to easily implement
complex algorithms that utilized Al, image processing,
probability calculations, and statistics

= MATLAB Production Server enabled DENSO TEN to
run sophisticated analytics in a centralized location on
the cloud

“The superiority of MATLAB in data processing and
visualization and its ability to consistently realize the
entire process from conception to implementation is a
major attraction and is the reason why we chose

MATLAB for this project.”
- Natsuki Yokoyama, DENSO TEN

Link to user story >



https://www.mathworks.com/company/user_stories/denso-ten-develops-mobility-solutions.html
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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

First day of object detection tests with optronic system

Results prototype.
= Data labeling automated

- Devc_elopment time red_uced _ ‘From data annotation to choosing, training, testing,

= Flexible and reproducible framework established 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 3



https://www.mathworks.com/company/user_stories/drass-develops-deep-learning-system-for-real-time-object-detection-in-maritime-environments.html
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Types of GPUs %
{ <)

Desktop system Embedded SoC system
CPU GPU

ARM GPU

Power Consumption:
300W~ vs 15~75W

&

e

:wuf!!ll!l}l}!xlli!m!ﬁ

Desktop GPUs Embedded GPUs
(and Cloud GPUs) Industrial module: 10-year Operating Lifetime ,



https://developer.nvidia.com/embedded/faq

ATLAB EXPO

CUDA code generation

Generate optimized CUDA code from MATLAB and Simulink

for deep learning, embedded vision, and autonomous systems

= Generated CUDA is portable across NVIDIA desktop GPUs

= Prototype algorithms on modern GPUs including the
Nvidia Data Center GPUs and Jetson AGX Orin

= Accelerate computationally intensive portions of your MATLAB code and

Simulink models using generated CUDA code

h ”m"mp) g




Why Use CUDA code generation ?

Pains: Hand code

Cannot code in CUDA
Time consuming

Manual Coding Errors
Multiple implementations
Expensive

MATLAB EXPO

&

Solution: GPU Coder

= Automatically convert to CUDA

-  Get to CUDA faster

= Eliminate manual coding errors

= Maintain Single “Truth”

= Stay within MATLAB/Simulink at a higher level

Algorithm Design and
Code Generation in
MATLAB
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What i1Is CUDA?



Run Hello World on GPU

CPU

I Data transfer

—

I
I

Kernel execution

I
s

Process on GPU

Data transfer

MATLAB EXPO

__global__ void helloFromGPU()

{
printf("Hello World from GPU\n");

}

int main(int argc, char **argv)

{
printf("Hello World from CPU\n");

return O;

helloFromGPU<<<1, 10>>>(); | —=<

BN Microsoft Visual Studio [1.-Lu|:| Console
> H-| lo

-Kernel call(special syntax)

kernelFunc<<<Block_dim, Thread

_dim>®>(a, b, c);
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For example, if you could do this ...

Scalarized MATLAB

for 1 = 1:1ength(x)
z(1i) = a .* x(1) + y(1i);
end

Vectorized MATLAB

Z=a .* xX+y;

static global  launch bounds (512, 1) void saxpy Kernell(const real32 T *y,
const real32 T *x, real32 T a, real T *z)

{
int i = blockIdx.x*blockDim.x + threadIdx.x;
[] if (1(i >= 1048576)) {
z[i] = (real T)(a * x[1i] + y[i]);
}
}

void saxpy(real32 T a, const real32 T x[1048576], const real32 T y[1048576],
real T z[1©48576])

{

real32 T *gpu y;

real32 T *gpu x;

Treal T *gpu 7;
cudaMalloc(&gpu z, B8388608UL);
cudaMalloc(&gpu x, 4194304UL);

cudaMalloc(&gpu y, 4194304UL);
cudaMemcpy ( (void *)gpu y, (void *)&y[@], 4194384UL, cudaMemcpyHostToDevice);
cudaMemc vold #)gpu %, (void *)&x[0], 4194384UL, cudaMemcpyHostToDevice);

saxpy kernell<<<dim3(2048U, 1U, 1U), dim3(5120, 1U, 1U)===(gpu y, gpu x, a,

gpu z);
cudaMemcpy ( (vold *)&z[e], (vold *)gpu z, 8388008UL, cudaMemcpyDeviceloHost) ;

cudaFree(gpu y);
cudaFree(gpu x);
cudaFree(gpu z);

Automatic compilation from a highly extensible language to a high performance language



Two Application examples

1) Fog Rectification

€ rovkam Paces Sy 4z

Be £81 Yoo et Toon Oefy Desio Moo Hew el it

DaWe kN8 09¢4- 208 e0 goesg
-

Fguel

Input image: Foggy Inage
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2) Anomaly Detection

MATLAB BXIPPO
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Analyze CPU/GPU interaction for performance improvements r

WaitForGPU (by GPU2CPUCopy) cp

]

Time

12
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9z

CPU

CPU/GPU AC“On Overhead

Idle Time

CPU work

":kl k2: WaitForGPU ’:- :
[ CPU ] .........................

Idle Time

Kernel Time Copy Time

GPU _—

Utilization
13



MATLAB EXPO

Example 1: Fog rectification + GPU Performance Analyzer )

4\ MATLAB R2023a - X

INSERT | -7 2 & ‘ Search Documentation pol &  Christoph ¥
—= = A = = —
= — = =] = = E C) Z
Code Control Task Section Text Table of Code Image Hyperlink Equation
v % Break Contents Example ¥ v
CODE SECTION TEXT IMAGE LINK EQUATION ry
LD Hal W » C: » Users » cstockha » OneDrive - MathWorks » demos » conferences » MAC » 2023 » fog_rectification » forRecording » g °
H Live Editor - C:\Users\cstockha\OneDrive - MathWorks\demos\conferences\MAC\2023\fog_rectification\forRecording\GPUExecutionProfilingOfTheGeneratedCodeExample.mlx

GPUExecutionProfilingOfTheGeneratedCodeExample.mix | fog_rectification.m +

Analyze Performance of the Generated CUDA Code s A

This example shows you how to analyze and optimize the performance of the generated CUDA® code by using the gpuPerformanceAnalyzer function.

The GPU Coder Performance Analyzer runs a software-in-the-loop (SIL) execution that collects metrics on CPU/GPU activities in the generated code and provides a chronological
timeline plot to visualize, identify, and mitigate performance bottlenecks in the generated CUDA code. This example generates the performance analysis report for the Fog
Rectification example from GPU Coder. For more information, see Fog Rectification.

Fog Rectification Algorithm

To improve the foggy input image, the algorithm performs fog removal and then contrast enhancement. The diagram shows the steps of both these operations.

Fog Removal

Foggy
input

image

Contrast Enhancement

stretching output

image

Fog
RGB o Gray | > Histogram N Histogram ~>{CDFM—> Contrast rectified

- Zoom: 10... UTF-8 LF script

14



Code Profiling using GPU Performance Analyzer

Visualize code metrics and identify
optimization and tuning opportunities

= Profile and understand GPU and CPU
activities, events, and performance
metrics in a chronological timeline plot

= Use the profiling info to analyze and
optimize the performance of the
generated CUDA

Insights

GPU Activities
Idle
k
Kernel

GPU Utilization: 76%

MATLAB BEXIPO
R2023a

£ A

1.3ms 1.35ms 14ms 145 ms 15ms

Functions  feature_maiching

Loops
Type: Kemnel
Name: feature_matching_kemelf
CPU ms): 1R
(ms): 5 e
1.6 17
GPU (ms): »Wq
CPU Overhead f f... feature =1 T wawr.  feature_...
GPU Activities feature_... feature_matchin... feature_matching_kemeld
CPU Activities
Overhead
Wait for GPU

CPU Overhead: 23%

4ms 45ms Sms 5.5ms 6ms 6.5 ms
-ﬁl-
] ]
16ms 165ms 17ms 1.75ms 1.8ms

feature_matching_loop_0

feature_m... fe... matr... fe... . f... featu... WaitForGPU

feature_mate...  feature_matching... feature_ma...

Event Statistics

Type Kernel
Name feature_matching_kernel2
Start time 1.209344 ms
End time 1.253440 ms
Duration 0.044096 ms
Launch Params
Grid size [261, 1, 1]
Block size [512,1, 1]
Total threads 13363 K

Shared memory 0 Byte
Registers per thread 16

15



Bidirectional Traceability

Understand how GPU Coder maps the MATLAB algorithm to CUDA kernels

Anisotropic diffusion.

[ fog_rectification.m \'| |fog_rectification.cu [422] fog_rectification.m [1]| v | |4, |"J H fog_rectification cu
1 function Jout] = fog rectification(input) %#codegen 753 // changing the precision level of inpat image to d -
2 ) 754  cudaMemcpy(*gpu_input, input, 9216@0ULL, cudaMemcpyH
3 % Copyright 2017-2019 The Mathworks, Inc. 755  fog rectification kerneli<<<dim3(18eeu, 1u, 1U), dim
4 756 *gpu_input, *b_gpu_input, *gpu_restoreQut);

5 coder.gpu.kernelfun; 757 // Dark channel Estimation from input

6 . . 758 // diff _im is used as input and output variable for
7 % restoreQut is used.to store the output of restoration 759  fog_rectification kernel2<<<dim3(6eeu, 1u, 1U), dim3
2 restoreout = zeros(size(input), "double'); 760 *b_gpu_input, *gpu diff im, *gpu_darkChannel);

9 . o . ) 761 // 2D convolution mask for Anisotropic diffusion

1@ 7% Changing the precision level of input image to double 762 // Refine dark channel using

11 input = double(input)./255; (id - < Hds

12

13 %% Dark channel Estimation from input

14 darkChannel = min(input,[1,3):

15

16 7% diff _im is used as input and output variable for anis

17 diff im = @.9%darkChannel;

18 num_iter = 3;

19

20 % 2D convolution mask for Anisotropic diffusion ]/ Reduction with min

21 hM = [8.0625 ©.125@ ©.08625; ©.1250 ©8.2500 0.1250; ©.062 773 // Parallel element-wise math to compute

22 hn = double(hN); 774 // Restoration with inverse Koschmieder's law

23 ) _ _ o _ 775  fog rectification kernele<<<dim3(eeeu, 1U, 1U), dim3

24 %% Refine dark channel using Anisotropic diffusion. 776 *gpu_diff_im, *gpu_darkchannel);

777  fog_rectification_kernel7<<<dim3(6@0U, 1U, 1U), dim3
778 *b_gpu_input, *gpu_darkChannel, *gpu diff im, *g
779  fog_rectification_kernel8<<<dim3(18eeu, 1U, 1U), dim

28 ) ) ) 780 *gpu_restoreOut, *b _gpu restoreQut);

29 %% Reduction with min 781 /]

20 diff_im = min(darkChannel,diff im); 782 // stretching performs the histogram stretching of

3 o 783 // im is the input color image and p is cdf limit.

32 diff im = @.6%diff im ; 784 // out is the contrast stretched image and cdf is t
= o o ) cerl ~ 785 // density function and T is the stretching fun€&fily ~

34 7 8 786 «

»

£ A

MATLAB BXIPPO
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GPU Coder for Image Processing and Computer Vision

Fog removal Frangi filter
— ——
4x speedup 3x speedup
Distance
transform | Stereo disparity
8x speedu —
P P 50x speedup

Ty A
£ ‘Zr—l 4,3 WA SURF feature
§ N i ' gl s

MATLAB EXPO

Pz
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Optimizations for Generated CUDA Code 2

= Accelerated library support
— CUFFT, cuBLAS, cuSolver, Thrust, cuDNN, & TensorRT

= Data Transfer Minimization

— Analyzes data dependency between the CPU and GPU partitions to determine minimum
set of locations where data must be copied between CPU and GPU using cudaMemcpy

18
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Example 2: Anomaly Detection

tb_workflow.m

1 1
1 1
1 1
! By CNN I
1 Pretreatment 1 | Pretreatment 2 | Pretreatment 3 _ Pass / fail Post-processing 1 | Post-processing 2 |
I | (Search for nut area) | (Property analysis) | (RO extraction) g ) (CAM generation) | (Insert result) I
I judgment ,
T ) \ ) !
I Y SqueezeNet Y I
! CUDA Optimized code ’ CUDA Optimized code '
9,

MATLAB

CUDA

20



Example 2: Anomaly Detection

.VNC Viewer: Connection Details
"
| ey | - E Section Break
'::} ] & Profiler = [> G

YN server: [10.42‘0. 1 Run and Advance

MATLAB EXPO

] Search Documentation

}3_ lenkl =

Ney & Analyze Run Run Step  Stop
hi Section Run to End >
[ Options... l [ Load... ] [ Save As... l ANALYZE SECTION RUN ax
At - R
Cun [ Cancel ] [ Connect /_r] .JetsunAnnma\Detert_BlI25\tb_nutsDet_HSP‘m ¥ x| Workspace ®
il ko | targetFunction.m 0 | + | Mame =~ .. Size
) train_SqueezeNet.m 8/31... Script 3KB | 1 | clear all, close all, clc; ~
] th_workflow.m 2/14... Seript 3 KB 2
) th_nutsDet_HSP_Jd.m 8/31... Script 1 KB 3 %% Datastore preparation
] th_nutsDet_HSP.m 6/5/.- |Script 4 KB 4 % Create image datastore to access to images
D e 9/1/... Edit... 3 KB 5 outputFolder = fullfile(pwd, 'images'); % define output folder
_J th_gpu_predict.m 5/2f... Script 1 KB g . .
I= - 6 imds = imageDatastore(outputFolder);
jjtalgd[unchon‘m 9/1/... Fun... 2KB 1(imds.Fil .
Dtalgeﬂundion‘eﬂ 6/5/... ELF ... 1.76... 7 numel(inds.Files);
| README.md 9/5/.. MD ... TKB 8 i i .
é’j readFunctionTrain.m 5/2/... Fun.. 1KB 9 % Visualize images
%] Quantizem 9/1/... Script 1KB 1@ figure
[5] outputo.png 6/5/... PNG...147 KB 11 montage(imds.Files(1:2), "ThumbnailSize',[260 2008]);
) ocvzmat.m 5/2f... Fun.. 1KB 12
NutAnomalyDet AtSJH0|E_202...9/5/... Ado... 192 KB 13 w% Classifier test
H mySqueezenet.mat 7/22.. MAT...4.86 ... 14
=
f] myMNDNet_Preprocess.m 5/2/... Fun.. 2KB 15 % Read image
(j] myMDNet_Postprocess.m 5/2f.. Fun.. 2KB : o R ) .
1) mat2ocv.m 5/2/... Fun... 1KB 16 [img info] = readimage(imds, 1);
++ main_nutsCam.cpp 6/5/ C++..4KB 17 imshow(img)
D main_nutsCam.asv 1/2... Edit... 4KB 18
2 JetsonAnomalyDetection_231126...11/2... 19 % Load pretrained network
5 gpu_predict.m 831 20 load("mySqueezenst')
1] changelnitializer.m 5/2f 21 Weights = convnet.layers(67).Weights;
B CAMheatmap_squeezenet.m 5/2f... 22
traininglmages 2 23 % Convert image data format (MATLAB Compatible > OpenCV)
images 1 B i . .
24 img2 = mat2ocv(img);
codegen
25
26 % Apply algorithms using user-defined function
27 out = targetfunction(img2, Weights, 1);
28
29 % Convert image data format (OpenCV > MATLAB Compatible)
30 sz = [249 320 3];
21 At = acudmatlont ca)e h
Command Window ®
bvaileble Digital Pins : 7 11 12 13 15 16 18 19 21 22 23 24 26 29 31 32 33 35 36 37 38 40
Code generation successful: View report
#H## Launching the executable on the target...
Executable launched successfully with process ID 6830.
main_nutsCam.cpp (C++ Source) o Displaying the simple runtime log for the executsble...
Note: For the complete log, run the following conmand in the MATLAE command window:
Mo details available system{hwobj, 'cat fhome/orin/ remotebuildDbic/MATLAE ws/R20Z4a/C/Gpubemo/JetsoninomalDecect 2531126/ targetFunceion. log' )
»r clear
P
+| matlab: open(' C:\GpuDemo'JetsonAnomalDetect_231126\codegen’exe\targetFunction\html\report.mldatx'); | Zoom: 110% Ln 19 Col 28

21
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OK, but what about Simulink?



MATLAB EXPO

Two Application examples

3) Sobel Edge Detection 4) Highway Lane Following Model

0. @[ 5 g @ [|[== g @ B o F . - . . : &
New ESme o Signal |7 [Noma T Swp  Rn  Swp Data Loy e = - ke
v @t v Browser Table o Fast Restast Bsckv v Fooward Inspector o= - Boovene - e - o -
N p— O o ;
i ©® |[%)scbeltdgeModeitsternaimode2 v g ar N = .“
fla i = = ]
o o o Highway Lase Folowng Test Bench | =\ — :
4 \" 21T
" R NVIDIA > | ] ‘ y,
= = - . — -
= —— LA
Sobel Edge Detector G [:] I ] - oo e e
B ﬁ" 1 -
Input Output < - Vision Detector | L. — =
) . 30 1 f Lane Following — mVohm.mic:s -~
14.2 Scenario e S e ) Controller ——1 r-‘T—
) | P - i -
e L3 =
Threshold il i IV L .. +—
| “= Sensor Fusion == - r:: Metrics
gt o 1! "_1““"”\""1‘" ‘I:""I pena - (e ! s | (el ) | | W e e | npuy - = -
= Lot Xl Bt ' ; : - - S S EE— —— = i —
‘: Capynght 2919 2020 The MamiWonas. e
AK “oos Jues Laes
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Example 3: Tuning Parameters using External Mode

SIMULATION DEBUG MODELING FORMAT HARDWARE APPS e
1 Open =~ Hie = Stop Time | Inf et =
of E . i 4 @ b 2
New & save ~ Library 0g Add Signal it |P-.brmal—'| Step Hitn Step Gtan Data Logic Bird's-Eys i
~ = Print - Browser gnals 2we Table Hg Fast Restart Back + - Forward Inspector Analyzer Scope
FILE | LIBRARY | PREPARE | SIMULATE | REVIEW RESULTS | a
g sobelEdgeModelExternalMode2 i E
& ® EsobeIEdgeModeIExternaIMocle?_ i g
T it
| = 7
| & b
2
E3
- — »lRr NVIDIA
]
— Sobel Edge Detector |——»|G
0 )
Output
Threshold
Threshald:Vaue
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||Il||||||||||||||||||I||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||I||||||||||||||||||||||||I||||||||||||||||||||||
1 3 5§ 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 50 61 63 €5 67 68 71 73 75 77 79 81 83 85 &7 89 91 93 95 97 100
[T
« || =
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NVIDIA Peripheral Support — block library

MATLAB EXPO

NVIDDItA X NVIDIA NVIDIA NVIDIA
ata Dat:
MODBUS TCP/IP J| MODBUS TCP/1P MODBUS TCP/ 1P | J MODBUS TCP/1P NVIDIA NVIDIA
Master Read Master Write Slave Read Slave Write
Status > ~ Status [
Read Coil Write Coil Read Coil Write Coil : I I I I
Modbus TCP/IP Master Read Modbus TCP/IP Master Write Modbus TCP/IP Slave Read Modbus TCP/IP Slave Write
NVIDIA NVIDIA R N NVIDIA
TCP/IP Server TCP/IP S
Port:25000 ) POrt:25000 —» > Q —-» GPIO 7 GPIO 7
Status [» Size
TCP/IP Receive TCP/IP Send UDP Receive UDP Send GPIO Read GPIO erte
NVIDIA NVIDIA NVIDIA A
Acceleration [y i
Magnetic Field [»
Y Message Status [ Message
Angular Rate [
_ , . opic
Magnetic Field [) Magnetic field status [» topic/level topic/level/ J P
BMI160 BMM150 ; >
MQTT Publish MQTT Subscribe
BMI160 BMM150 o — — — o, NVIDTR
« ! 72N
b guitartune.wav [ !b (‘ mage >
NVIDIA NVIDIA NVIDIA NVIDIA . Z 1 4 ‘)D 100z, mono P laal (; : [:sslg
Data > Device: hw:1,0 Device: hw:0,0 P
CAN Receive CAN Transmit ALSA Audio Capture  ALSA Audio Playback Audio File Read Camera Network video receive
Message ID: lg? t > > Message ID: 100 °Gmre > > d A AR NVIDIA
S Port: /dev/ttyTHS1 Port: /dev/ttyTHS1 b
CAN Receive CAN Transmit Serial Read Serial Write x

SDL Video Display

25
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Example 4: Highway Lane Following Model
: pnnnnn :
SIMULATION DEBUG MODELING FORMAT APPS e o
JL 5 Open ~ o ) 7 = Stop Time I '\l'.) -
New T Library i Add Signal N =il l Step Pause Step 3 DeCISlon Eird's-Eye i
~ = Print v Browser AT CINE: Table @ Fast Restart Back = - Forward . Scops
PREPARE | SIMULATE Log|C & ESULTS | =
s}

3D Scen arlo allawingTestBench Controller

& hTestBench P

Matrics Assessmant

Jojpadsu] Apedoud

Visualization

| Highway Lane Following Test Bench |

e
-5-4-211245

:g Rl et -- ARy
")
- Ege Veloshy (mis) nLane  Time Gap Vehicle
| .
Dynamics
Vision Detector e
- i) Vehicle ;
= 3D Lane Following [ ws  Dvnamics [Fo
. | Scenario =% | Controller R y ocp.vodet
e e Vehicle Dynamica 5
Sensor Fusion = @ Metrics
= 1 1 Metrics Assassment
Forward Vehlcle Seraor Fusion Lane Foliowing Decision Logic and Contraller
Simulation 30 Scenana
& e ———
- Se NSOor Copyright 2019-2020 The MathWorks, Inc.

Model Data Editor Fusion
26



Lane and Vehicle Detection

-~

Pre-

processing

Lane
Detection

_@3_

Vehicle
Detection

AlexNet-based \

Post-
processing

YOLO v2

YOLOX Available /

MATLAB EXPO
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Run Simulation on Desktop GPU

-~

Pre-
processing

Lane
Detection

~

_$_

processing

Vehicle
Detection

Post-

» Simulation Target Header file

/

Solver | ¥| GPU acceleration

Data Import/Export

Language: C++
Math and Data Types

» Diagnostics | Import custom code
Hardware Implementation Insert custom C code in generat
Model Referencing Source file SOOI TS

v Code Generation Initialize function
Optimization

Dannrt

Speed up MATLAB Function blocks

Terminate function

MATLAB EXPO
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Run Simulation on Desktop GPU

SIMULATIOMN MODELING

HARDWARE

MATLAB EXPO

1 Open ~ s :
'{:3 ED ») bl s
New E Save Library ¢ : Signal *||Normal | Step Run Step Datz Logic Bird's-Eye T
~ (& Print Browser Table 5§ Fast Restart Back - - Forward Inspector Analyzer Scope
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
‘g laneAndVehicleDetection2
5 ® IaneAndVehicleDetectionE 4
K
g @
E3 .
Resize N Detect
:B I . - .
Image Coordinates
&
i i Paostprocessini " .
O Preprocessing Lane Detection P g o H |gh I |ght
> P Video
»] Vehicles  |»/image /o
» & Lanes
bboxes e
Traffic Annotation Output
. 1 In
Video
sCores
Input
Vehicle Detection (YOLOwWZ)
&\

Stop Time |15—| qg (‘;‘) m) -_ @

ki

Jopadsuy Apedold

29



Generate CUDA Code and Run on Jetson

-~

Pre-
processing

cuDNN/TensorRT

Koptimized code

Lane
Detection

CUDA
/optimized code

o

\

Post-
processing

Vehicle
Detection

L&

MATLAB EXPO
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Generate CUDA Code and Run on Jetson

MODELING FORMAT

SIMULATION

Stop Time |inf

MATLAB EXPO

Q Find ~ s — =
O o P @ @ & &
Model % -Ompare Ma_dgl Data Madel Sc_hgdulc— Model nsert Atomic Variant Update [Nsrma- - l Ruin
Tt i‘ﬁ ERaToniment = Editor Explorer Editor Settings - Subsystem Subsystem Subsystem Model ~ | B89 Fast Restart o
EVALUATE & MANAGE DESIGM SETUP COMPOMNENT COMPILE SIMULATE ry
K laneAndVehicleDetection2 Bl 3
u_% @® |[PallaneandvehicleDetectionz » . E
CH g
E3 ;
Resize Detect
= » > S )
Image Coordinates
_
] Preprocessing Lane Detection Postprocessing ng hlig ht
Vehicles > Image
& Lanes
bboxes ™
Tl'affl c | Annotation
L Bl
Video
[,
SCOres l/\f
Input
Vehicle Detection (YOLOv2)
[
-F|
W
» | 3
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Generate CUDA Enabled ROS and ROS2 Node from 20221

|\/|ATLA B
o

#ROS + sros
ROS Node

Hardware

GPU Coder™

Jetson
o o
... Remote Node
Generation L - ¥
. . . X Drive |
Windows/Mac/Linux . Ubuntu Linux )
Target Board

Local Node
Generation

(4]

< ~

| @ A )

Development Machine
32



Shipping Examples

4\ MathWorks:

Help Center

MATLAB EXPO

https://www.mathworks.com/help/gpucoder/examples.html

Produkte Losungen Forschungund Lehre Support Community Veranstaltungen

= INHALTSVERZEICHNIS

« Documentation Home

« Examples

« Code Generation

Category

FIASU-F LIl IL UESIYIIE
GPU Coder
Get Started with GPU Coder
Kernel Creation
Performance

Deep Learning with GPU
Coder

Deployment
HDL Coder
HDL Verifier
|EC Certification Kit
MATLAB Coder
Simulink Code Inspector
Simulink Coder

Simulink PLC Coder

Type
@ Al

O MATLAB

O simulink

Documentation Examples Functions Apps Videos Answers
GPU Coder — Examples

Get Started with GPU Coder

Mandeibrot Set on GPU Tap Fiea Pradictians That Use fm;l.*.‘x‘:
i | —
2 |I
13
3
26
20 GPU Code Generation: The Code Generation for Deep
Mandelbrot Set Learning Networks
Generate CUDA® code from a Get started with CUDA code
simple MATLAB® function by using generation for image classification
GPU Coder™. A Mandelbrot set networks such as MobileNet-v2,
implementation by using standard ResNet, and GoogleNet
Kernel Creation
61
48
13

Build a Map from Lidar Data

Feature Matching Lane Detection on the GPU

Edge Detection with Sobel GPU Code Generation for

34


https://www.mathworks.com/help/gpucoder/examples.html

MATLAB EXPO

Key Takeaways

é GPU Coder generates CUDA code from MATLAB & Simulink

7\ Accelerate MATLAB & Simulink simulations

im): Deploy algorithms (signal/deep learning,...) to embedded GPUs
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