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Deep Learning Demo

Image Classification
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Why MATLAB for Deep Learning?

- MATLAB Is Productive
- MATLAB Integrates with Open Source
- MATLAB Is Fast
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MATLAB Deep Learning Framework

Access Data Design + Train Deploy

ARR802

= Manage large image sets = Acceleration with GPU’s = Automate compilation to
= Automate image labeling = Scale to clusters GPUs and CPUs using
= Easy access to models GPU Coder:

= 5x faster than TensorFlow
=  2x faster than MXNet
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Deep Learning Applications

Voice assistants (speech to text)
Teaching character to beat video game
Automatically coloring black-and-white images

0027800
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What is Deep Learning?

MATLAB EXPO 2018



Deep Learning
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Model learns to perform classification tasks directly from data.
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Data Types for Deep Learning
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Deep Learning is Versatile

Detection of cars and road in autonomous driving systems Rain Detection and Removal!

1. Deep Joint Rain Detection and Removal from a Single Image"” Wenhan Yang,
Robby T. Tan, Jiashi Feng, Jiaying Liu, Zongming Guo, and Shuicheng Yan

2. Source: An experimental study of deep convolutional features for iris recognition
Signal Processing in Medicine and Biology Symposium (SPMB), 2016 IEEE
Shervin Minaee ; Amirali Abdolrashidiy ; Yao Wang; An experimental study of
deep convolutional features for iris recognition

Iris Recognition — 99.4% accuracy?

MATLAB EXPO 2018
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How Is deep learning performing so well?
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Deep Learning Uses a Neural Network Architecture
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Thinking about Layers

= Layers are like blocks
— Stack them on top of each other
— Replace one block with a
different one

= Each hidden layer processes
the information from the
previous layer

MATLAB EXPO 2018
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Thinking about Layers

- Layers are like blocks _
— Stack them on top of each other L1

— Replace one block with a
different one

= Each hidden layer processes
the information from the
previous layer

« Layers can be ordered in
different ways

Il
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Deep Learning in 6 Lines of MATLAB Code

4\ MATLAB R2017b = X
- n| , New Vanabie » Analyze Code > . ) Preferences | : % Community
B = 02 (O (Geres | 8 L 2 o Ca (T @ @ o
|1/ Open Vanable v fy Runand Time () SetPath ) Request Support

New New New Open || Compare Import Save - Simulink  Layout Add-Ons  Help
Script Live Script v - Data Workspace | ClearWorkspace w | J Clear Commands v - “Plnuv v v L] LeamMATLAB

FILE VARNBLE CODE SIMULIIK ENVIRONMENT RESQURCES =
¢ TA » C » Users » pdayal » OneDrive - MathWorks » MATLAB Expo Deep Leaming Talk » > p
Workspace @® Current Folde Command Window ®
Name Value fx >>

1 R d - t I .f
. Read an Image to classity
< >
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Why MATLAB for Deep Learning?

« MATLAB is Productive
- MATLAB Integrates with Open Source
- MATLAB Is Fast
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“I love to label and
preprocess my data”

~ Said no engineer, ever.
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Caterpillar Case Study

4\ MathWorks

= World’s leading manufacturer of

construction and mining
equipment.

= Similarity between these
projects?
— Autonomous haul trucks
— Pedestrian detection
— Equipment classification
— Terrain mapping

17
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Computer Must Learn from Lots of Data

= ALL data must first be labeled to create these autonomous systems.

Equipment Classification

Personnel Detection/Classification ‘

“We were spending way too much time ground-truthing [the data]”
--Larry Mianzo, Caterpillar

MATLAB EXPO 2018 18



« Semi-automated labeling process

How Did Caterpillar Do with Our Tools?

4\ MathWorks

— “We go from having to label 100 percent of our data to only having to

= Used MATLAB for entire development workflow.
— “Because everything is in MATLAB, development time is short”

MATLAB EXPO 2018

label about 80 to 90 percent”
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How Does MATLAB Come into Play?

4

LABEL

2% e a0
q_‘j _} H JVL Zoom In EDefaunLayout Algorithm
| Wl |

Zoom Out Show Rectangle Labels . Select Algorithm w -
New Load Save Import Label Automate Export
Session v - Labels v b Pan Show Scene Labels Labels v
FILE MODE VIEW AUTOMATE LABELING EXPORT -
ROI Label Definition Image
,f\]: Define new ROl label

Load images to start labeling

Scene Label Definition

E&! Define new scene label

you must first define a scene

&\ MathWorks:
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4\ Image Labeler — X

e oo

LJUEI -j' H {} 73 . ZoomIn 7 pefault Layout Algorithm:

— S -

- Zoom Out Show Rectangle Labels . Select Algorithm w
New Load Save Import Label Automate Export
Session v v Labels + s Pan |/ Show Scene Labels Labels w
FILE MODE VIEW AUTOMATE LABELING EXPORT ry
| ROI Label Definition | | Image |

E\]:, Define new ROl label
Load images to start labeling

To label an ROI, you must first define one
or more of the following label types:

- Rectangle label
- Pixel label

J Scene Label Definition [

E‘]:, Define new scene label

Apply to Image %

Remove from Image

To label a scene, you must first define a scene
label

MATLAB EXPO 2018 22
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MATLAB iIs Productive

= Image Labeler App semi-automates labeling workflow

« Bootstrapping

— Improve automatic labeling by updating algorithm as you label
more images correctly.

- Easy to load metadata even when labeling manually

MATLAB EXPO 2018 24



4\ MathWorks

Why MATLAB?

- MATLAB Is Productive
« MATLAB Integrates with Open Source
- MATLAB Is Fast
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Used MATLAB and Open Source Together

1. Deep Joint Rain Detection and Removal from a Single
Image" Wenhan Yang, Robby T. Tan, Jiashi Feng,
Jiaying Liu, Zongming Guo, and Shuicheng Yan

MATLAB EXPO 2018

Used Caffe and MATLAB
together

Achieved significantly
better results than an
engineered rain model.

Use our tools where it
makes your workflow
easier!

26
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MATLAB Integrates with Open Source Frameworks

« Access to many pretrained models through add-ons
« Users wanted to import latest models

= Import models directly from TensorFlow or Caffe
— Allows for improved collaboration

KERAS IMPORTER Caffe

Importer for TensorFlow-Keras Models MODELS

MATLAB EXPO 2018 27
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Keras-TensorFlow Importer

AB R2017H o g .
HOME PLOTS APPS @ 9 ‘ L{a E] “@ @9 ‘®‘|Seaxch Documentation P
E‘; @ EEL:‘ D ]3 e & Eé Ui‘) New Varia-xble | & Analyze Code @ @ {0} Preferences & @ (% Community
{1 Open Variable v {7 Runand Time b (-}l Set Path ‘= Request Support
Ne_w _ New_ New Open LEJ Compare  Import Save = Simulink  Layout . Add-Ons  Help
Scipt LveScipt v v | Data  Workspace [ ?bmWoﬂ(space al 2 Cbarcmanas i Parallelv — EerlinrMA'ﬂ.AB ‘ .
FILE | VARIABLE | CODE | SIMULINK ENVIRONMENT | RESOURCES | -
<fH»EHE » \\fs-55-ah\vmgr$ » home05 » pdayal » Documents » MATLAB » v|R
Current Folder ®  Command Window ®
Name ~ fx' >>
) Untitled.m N
) startup.m
#  matlab
featuregen

#  Examples

Details v
Workspace ®
Name - Value

4\ MathWorks
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MATLAB Integrates with Open Source
Frameworks

« MATLAB supports entire deep learning workflow
— Use when it is convenient for your workflow

= Access to latest models
= Improved collaboration with other users

MATLAB EXPO 2018

4\ MathWorks
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Why MATLAB?

- MATLAB Is Productive
- MATLAB Integrates with Open Source
« MATLAB Is Fast
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MATLAB Is Fast

Performance

Deployment

4\ MathWorks
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What Is Training?

Feed labeled data into neural network to create working model

-
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Speech Recognition Example

Audio signal — Spectrogram — Image Classification algorithm

Amplitude

Frequency

MATLAB EXPO 2018

Time

4\ MathWorks
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Another Network for Signhals - LSTM

= LSTM = Long Short Term Memory (Networks)

— Signal, text, time-series data

— Use previous data to predict new information

= | live in France. | speak
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Datastore creates
reference for data

MATLAB EXPO 2018

Do not have to load In
all objects into memory

1. Create Datastore

4\ MathWorks

[1 Mame

_background_noise_
Data

go

left

no

off

on

right

up

YES

e

Date modified

201272018 9:32 AM
21272018 9:39 AM
2272018 %34 AM
21272018 9:35 AM
2/12/2018 9:36 AM
21272018 .37 AM
2/12/2018 9:38 AM
2/12/2018 9:31 AM
21272018 931 AM
21272018 .32 AM

addpath({fullfile(matlabr

datafolder = fullfile(tempdir, ' 'speech commands v@.81");

~oot, 'toolbox', "audic’, 'audiodemos” ) )

ads = audiocexample.Datastore(datafolder, ...

"IncludeSubfolders®,

'FileExtensions’, '

true, ...

— 1
oW, ...

‘LabelSource’, '"foldernames', ...
'ReadMethod’, "File")
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Amplitude

Frequency

2. Compute Speech Spectrograms
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3. Split datastores

[ Training ] [ Validation J [ Test J
70% 15% 15%

* Trains the model « Checks accuracy « Tests model accuracy

« Computer “learns” of model during « Not used until validation

from this data training accuracy is good

MATLAB EXPO 2018 37
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4. Define Architecture and Parameters

layers = [ convolution2dLayer(3, 64, "Padding”, "same")
imageInputlLayer(imageSize) batchMormalizationlLayer
relulayer miniBatchsize = 128;
convolution2dlLayer(3,16, "Padding", 'sams") validationFrequency = floor(numel(¥Train)/miniBatch5ize);
batchNormalizationLayer maxPooling2dlLayer(2,"Stride’,2, "Padding’,[®,1]) options = trainingOptions('adam’,
relulayer ‘InitizllearnRate’,5=-4,
dr‘DpcutL?yer{dr‘npoutPr‘Dh? o . "MaxEpachs ', 25,
maxPooling2dLayer(2, Stride’,2) EDHUOlutan?dLE?EP{3,E4, Padding', " same") T e e s el
batchMormalizationlLayer , D .
Shuffle', 'every-epoch’,
convolution2dlayer(3,32, 'Padding", 'same") relulayer . . . . .
. . Plots®, "training-progress’,
batchMormalizationlLayer , b " £a1
relulLayer dropoutLayer(dropoutProb) CELEEiElEE
convolution2dLayer (3,64, 'Padding’, ' same') ‘ValidationData',{XValidation,¥Validation},
maxPooling2dLayer(2, Stride’,2, 'Padding’,[@,1]) batchMormalizationLayer ‘ValidationFrequency' ,validationFrequency,
relulayer *ValidationPatience', Inf,
dropoutLayer(dropoutProb) 'LearnRateschedule”, piecewise’,
convolution2dLayer(3,64, 'Padding’, 'same") maxPooling2dlayer([1 13]) ‘LearnRateDropFactor’,@.1,
batchMormalizationLayer 'LearnRateDropPericd’ ,28);

relulayer fullyConnectedLayer{numClasses)

softmaxLayer

dropoutLayer(dropoutProb) weightedCrossEntropylLayer(classNames,classieights)]; MOdeI Parameters
Neural Network Architecture

MATLAB EXPO 2018 38



5. Train Networ
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E Training Progress (19-Jan-2

Training Progress (19-Jan-2018 15:59:14)

Results
Walidation accuracy; 95.83%
Training finished: Reached final iteration
Final
Training Time
Starttime: 19-Jan-2018 15:59:14
Elapsed time: 7 min 28 sec
Training Cycle
Epoch: 250f25
lteration: 4875 of 4874
lterations per epoch: 195
Maximum iterations: 4875
Validation
Frequency: 185 iterations
20 Patience: Inf
109 Other Information
| | i | | ! 20 | ! . Hardware resource: Single GPL
Dﬂ 500 1000 1500 2500 3000 3500 4000 4500 5000 Learning rate schedule: Piecewise
Iteration Learning rate: fe-05
&4 Learn more
Accuracy
Training (smoothed)
E Training
=l — — @ — — Validation
Loss
Training (smoothed)
Final Training
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 — — @ — — Validation

teration

MATLAB EXPO 2018
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Deep Learning on CPU, GPU, Multi-GPU and Clusters

4

Single CPU
Single GPU

T

[ N ]

()

=l
e =W

==

On-prem server with
GPUs

MATLAB EXPO 2018

How TO TARGET?

opts = trainingOptions('sgdm’',
'MaxEpochs', 100,
'MiniBatchSize', 250, ...
'InitiallLearnRate', 0.00005, ...

'ExecutionEnvironment', 'auto' );

opts = trainingOptions('sgdm',
'MaxEpochs', 100, ...
'MiniBatchSize', 250, ...
'InitialLearnRate’', 0.00005,

'ExecutionEnvironment', 'multi-gpu' );
|

| T EN

1]

Cloud GPUs
(AWS)

opts = trainingOptions('sgdm',
'MaxEpochs', 100, ...
'MiniBatchSize', 250, ...
'InitialLearnRate', 0.00005,

'"ExecutionEnvironment', 'parallel' );
]

4\ MathWorks
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Training Performance

Seconds / Epoch Training (V100 GPU)

6000

5000
TensorFlow

. MATLAB
MXNet

3000 Batch size 32

2000

h .

0 | ] . —
AlexNet ResNet50
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Training Is an lterative Process

miniBatch5ize = 128;

validationFrequency = floor({numel({¥Train)/miniBatchS5ize);

options = trainingOptions( ' adam’,
‘InitiallLearnRate’,5e-4,
'"MaxEpochs',25,
'MiniBatchSize ' ,miniBatch5ize,
"Shuffle’, 'every-epoch’,
"Plots’, "training-progress’,
"Verbose' ,false,
"WalidationData',{XValidation,YValidation},
"WalidationFrequency' ,validationFrequency,
"ValidationPatience',Inft,
"LearnRateSchedule’, 'piecewise’,
‘LearnRateDropFactor’,8.1,
‘LearnRateDropPeried’ ,28);

Parameters adjusted according to performance

MATLAB EXPO 2018 42



MATLAB iIs Fast for Deployment

- Target a GPU for optimal
performance

= NVIDIA GPUs use CUDA code

- We only have MATLAB code. yd
Can we translate this?

MATLAB EXPO 2018

4\ MathWorks
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GPU Coder

- Automatically generates CUDA Code from MATLAB Code
— can be used on NVIDIA GPUs

—

- CUDA extends C/C++ code with constructs for parallel computing

MATLAB EXPO 2018

&\ MathWorks

44



| 4\ MathWorks

GPU Coder for Deployment

r Accelerated implementation of
1 parallel algorithms on GPUs & CPUs

Intel NVIDIA
MKL-DNN @2 CUDA m ARM_Compute
Library C/C++ Library

Deep Neural Networks Image Processing and Signal Processing and
Deep Learning, machine learning Computer Vision Communications
Image filtering, feature detection/extraction FFT, filtering, cross correlation,

5x faster than TensorFlow 60x faster than CPUs 20x faster than
2x faster than MXNet for stereo disparity CPUs for FFTs

MATLAB EXPO 2018 45



GPUs and CUDA

MATLAB EXPO 2018

CUDA Kernel

CUDA Kernel

CUDA

C/IC++
kernels

GPU ARM
CUDA Cores Cortex

GPU Memory
Space

4K60 60
e | vioeo Vi 0 e | 2D ENGINE
> | encooer | DECODER

GigE
Ethernet

ENGINES LPDDR4 PM PROC MAC PROC (ISP)

DISPLAY 128-bit BOOT and IMAGE

4\ MathWorks
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Challenges of Programming in CUDA for GPUs

Learning to program in CUDA
— Need to rewrite algorithms for parallel processing paradigm

Creating CUDA kernels
— Need to analyze algorithms to create CUDA kernels that maximize parallel processing

Allocating memory
— Need to deal with memory allocation on both CPU and GPU memory spaces

Minimizing data transfers

— Need to minimize while ensuring required data transfers are done at the appropriate
parts of your algorithm

MATLAB EXPO 2018 47



GPU Coder Helps You Deploy to GPUs Faster

MATLAB EXPO 2018

@\ MaTiAB

GPU Coder

!

Library function mapping
Loop optimizations
Dependence analysis

CUDA Kernel creation

Memory allocation

Data transfer minimization |

Data locality analysis
GPU memory allocation

<

!

NVIDIA.
CUDA
C/IC++

Data-dependence analysis
Dynamic memcpy reduction

4\ MathWorks
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GPU Coder Generates CUDA from MATLAB: saxpy

Scalarized MATLAB CUDA

cudaMal locf{agpu_=z. B83886080ULY:
cudaMalloc{agpu_x,. 41943040052

for i = 1l:1length(x) cudaMal lociagpu_y. 1943040070 ;
cudatemcpy{ tvoid *rgpu_y, (void ®ry, 419430400, codaMemcpyHostToleviced:

z(i) = a .* x(1) + y(i); b IS S -
chetteres e g= e e e e e e R I=r=ae e =ErohTEE -
end — zaxpy_kernell <{<dimI (20480, 10U, 100y, dim3 (5120, 10, 1UX>>>{gpu_y. gpu_x. a.
_Zi:
TE[%'FQTECPHRRUDlG Te. LwoLog TTEZpU_=. m\
GPU Coder Eh S A e
cudaFresfgpu_=zi;
Vectorized MATLAB /\/
Z=a .% X+ y; — CUDA kernel for GPU parallelization

ztatic __global__ __launch_bounds__ {512, 1} Jvoid saxpy_kernellfconst real 32_T *uy.
conzt real32_ T *x. real32 T a. real_T *=z)

£
int32_T i:

i = (Aint32_Tridddlgridbim,x * gridDim,y * blockIdx.z + gridDim,.x * blockIdx,y?
+ hlockIdx,=x? * {(blockDim,= * blockDim,y * blockDim,z} +
threadldx,z * blockDim,x ¥ blockDim,y?! + threadldx,y *
blockDim, =} + threadldx,=<;

Loops and matrix operations are s (1G >= sogsEren ¢ T
. . . z[il = {real_ a * x[0il] + ylLila:
directly compiled into kernels =

MATLAB EXPO 2018 49
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Generated CUDA Optimized for Memory Performance

CUDA kernel for GPU parallelization
k(E?ff]E?l (jfitfi Eill()(:fiti()f] iE; static __global__ __launch_bounds__ {512, 1} void kernel3|creal T *z0. real T

*count. creal T *z)
i

automatically optimized real T z_im:

real _T y[10000007;

int32_T threadld=;

threadlds = (int32_Ti{hlockDim,x * blockIdwx,x + threadldsx,«):

if {lithreadlds >= 1000000 £
z_im = zlthreadId<],re * zlthreadld=]l,im + zlthreadIldx]l,im * zlthreadId<]l,re;
zlthreadldxl,re = {(zlthreadld=<]l.re * zlthreadld=l,re - zlthreadIdxl,im *

zlthreadld=<]l,imi + zOLthreadIdx]l,re;
zlthreadldxl,im = z_im + z0[threadIld:<],im:
Yylthreadldx]l = hypot{zlthreadld=],re. zlthreadId<],im};
7 = 70- countLthreadldx] += {real_T){ulthreadldx] <= 2,03:

for n = 0:maxIterations 3
z = z.%z + 20;
inside = abs( z )<=2; CUDA
count = count + inside; —

end
count = log( count ); GPU CDCIEI' cudaMalloctagpu_xlirid, BUO00OOLY:

cudaMal lociagpu_yGrid, S00000000% ;2

A% mandelbrot computation *

cudaMemcpy igpu_yGrid. yGrid., 20000000, cudaMemcpyHoztTolevicel:

cudaMemcpytiepu_xGrid. =Grid, 20000000, cudaHemcpyHoztTolbevicel:

kernell<<<dim3 {19540, 1U. 10Uy, dim3<5120, 10, 1U3>>> (gpu_yGrid, gpu_xGrid.
- _count,. gpu_z0):

For {n = 0 n < {(int32_T) maxIterations + 1,03 n++} £

im3{1954LI, 10, 10Uy, dim3¢5120, 10, 1Ux x> {gpu_z0, gpu_count.

N A cpu

kernel 2<<<dim3 (195400, 10, 10Uy, dim3{5120. 1. 1U¥>>> {gpu_count):
mosremepy L ocount, gpu_count, S000000U. cudatemcpybeviceToHost):
¥ cudaFreeigpu_yGrids:

Mandelbrot space

MATLAB EXPO 2018 50
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Example: Fog Rectification

MATLAB EXPO 2018

e Applications Places System ﬂ))) EI
<+ [ o T T T 1 N — () X
File Edit View |Insert Tools Debug Desktop Window Help v |2 x
NEdL M RARXRODRL-|E (02| =D BmBe &0
| Figurel |

Input Image: Foggy Image Output Image: Fog is Removed

4\ MathWorks
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Algorithm Design to Embedded Deployment Workflow

MATLAB algorithm

M GPU Coder

Build type

(functional reference)

Call CUDA
from MATLAB

4 directly
—
/ \4
— —

Functional test e Deployment
unit-test

MATLAB EXPO 2018

Call CUDA from (C++)

Call CUDAf :
A (Ca++) hand_rom hand-coded main().
coded main() v
m Cross-compiled
dib
Desktop Embedded GPU
GPU | |

" © ot &

C++

integration-test
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Demo: Alexnet Deployment with ‘mex’ Code Generation

“ml Applications Menu i.ﬂ MATLAB R2017b |[# Editor - ftmp/webcam... vravicha@vravicha-d... vravicha@vravicha-d... 4\ 18:00 jﬁ_i Vandana Ravichandran
2 " =
MATLAB R2017h
PLOTS @ ﬁ :(l:‘ EE [El ':'I:_:’. '-E;' E ® LD':J In
(=] = = Mew Variable Analyze Code {0} Preferences 2 "y 21 Community
Ii:,'!l lE]J-‘ I:I':l‘:I - Ea Find Files & % I:_lé lj I_E_I E E% @ 9
> Open Variable éj‘ﬂ Run and Time ﬁ Set Path E Request Support
New New New Open é‘ﬂc""‘“re Impart Save - Simulink  Layout Add-Ons  Help
Script Live Script ~ - Data Workspace [ Clear Workspace = [7 Clear Commands = - II“ Parallel = - * x| Learn MATLAB
FILE VARIABLE CODE SIMULINKE ENVIRONMENT RESOURCES =
< = 5 & D=/ v tmp » webcamtt - 0
Current Folder (Gl Command Window =
|Name i |_ MNew to MATLAB? See resources for Getting Started. X
#) test_alexnet_codegen.m = f
] synsetwords txt . >
] peppers_out.png
peppers.png
1 old_workspace.mat
£ getAlexnet.m
) cleanup.m
£ alexnet_webcarm.m
] alexnet_predict.pri 4
) alexnet_predict.m -
£l alawnat live m |
alexnet_predict.m (Function) -‘~
Workspace ® L\}
Name £ |Va|ue

MATLAB EXPO 2018

4\ MathWorks
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Algorithm Design to Embedded Deployment on Tegra GPU

= GPU Coder

MATLAB algorithm Build type
(functional reference)

Call CUDA from (C++)
hand-coded main().
Cross comp|led on host
hain

Call CUDA Call CUDA from
from MATLAB (C++) hand-

directly i coded main()

"
/ | Tesla
GPU
G = -
e £3 — [ 4 %ﬂl-‘ - ﬁl'
L N LN
Functional test e Deployment Deployment
unit-test integration-test

enerated code in (Test generated code within (Test generated-eee
MATLAB on host + GPU) C/C++ app on host + GPU) C/C++ app on Tegra target)

MATLAB EXPO 2018 54
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Alexnet Deployment to Tegra: Cross-Compiled with ‘lib’

Build type: "‘;ﬂ Static Library |E| TWO Sma” Chanqu
| — 1. Change build-type to ‘lib’

Output file name: |a|exnet_predict

Language ™ C O C++
(] Generate code only
Hardware Board MATLAB Host C'c:rﬁpl;l-ter |E| 2 SeleCt CrOSS-Complle tOOIChaln
Device Generic MATLAE Host Computer
Device vendor Device type

Toolchain [Automatically locate an installed toolchain

Automatically locate an installed toolchain
MWVIDIA CUDA | gmake (54-bit Linux)
MWWVIDIA CUDA for Jetson Tegra K1 w5.5 | gmake (64-bit Linux)

@ Mo NVIDIA CUDA for Jetson Tegra X1 w7.0 | gmake (64-bit Linux)
MWWIDIA CLUDA for Jetson Tegra X2 w8.0 | gmake (64-bit Linux)

MATLAB EXPO 2018
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End-to-End Application: Lane Detection

NVIDIA ACCELERATED COMPUTING Downloads  Training Ecosystem

Alexnet PARALLEL FORAL L  Features ProTips  Spotlights  CUDACasts

« Previous Next —

Deep Learning for Automated Driving
with MATLAB
share: [ BB

Posted on July 20, 2017 by Avinash Nehemiah and Arvind Jayaraman | 0
Commen ts
Tagged Autonomous Vehicles, Deep Learning, MATLAB

- You’ve probably seen headlines about
I r an S f e r L e ar n I n g innovation in automated driving now that
there are several cars available on the market

that have some level of self-driving capability.

| often get questions from colleagues on how
automated driving systems perceive their

environment and make “human-like”

Output of CNN is lane parabola coefficients according to: y = ax"2 + bx + ¢

L ane detection Left lane coefficients X F.’OS'[-prOf:eSSing Image with
Image ———> CNN ~ | (find left/right lane | —— marked lanes
Right lane coefficients points)

GPU coder generates code for whole application
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https://devblogs.nvidia.com/parallelforall/deep-learning-automated-driving-matlab/
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Deep Learning Network Support (with Neural Network Toolbox)
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GPU Coder: R2017b GPU Coder: R2018a

Networks: MNist Networks: GoogLeNet | Object
Alexnet ResNet | detection
YOLO SegNet | Semantic
VGG DeconvNet _— Segmentation

Lane detection
Pedestrian detection
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Semantic Segmentation

FPS: 0.085845

Running in MATLAB

MATLAB EXPO 2018

FPS:1.2691

4\ MathWorks

Generated Code from GPU Coder
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Deploying to CPUs R2018a
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Deploying to CPUs
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How Good is Generated Code Performance

Performance of image processing and computer vision

Performance of CNN inference (Alexnet) on Titan XP GPU

Performance of CNN inference (Alexnet) on Jetson (Tegra) TX2
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GPU Coder for Image Processing and Computer Vision

Fog removal Frangi filter
E— —
5X speedup 3Xx speedup
Distance
transform | Stereo disparity
8x speedu —
P P 50x speedup
Tye A
,f_& zf_}l 4,3 ) ?..n‘ SURF feature
fl MUY ot | extraction
Ray tracing i ;’5 | e I——
——) 700x speedup

18x speedup
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Alexnet Inference on NVIDIA Titan Xp
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Testing platform GPU
cuDNN

Pascal Titan Xp
V7
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GPU Coder +
TensorRT 3.0.1,int8)

GPU Coder +
TensorRT .0.1)

GPU Coder +
cuDNN

TensorFlow (1.5.0)
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VGG-16 Inference on NVIDIA Titan Xp
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GPU Coder +
TensorRT 3.0.1,int8)

GPU Coder +
TensorRT G.o.1)

GPU Coder +
cuDNN

TensorFlow (1.6.0)
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R2017b
Alexnet Inference on Jetson TX2: Frame-Rate Performance
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R2017b
Alexnet Inference on Jetson TX2: Memory Performance
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MATLAB Deep Learning Framework

Access Data Design + Train Deploy

ARR802

= Manage large image sets = Acceleration with GPU’s = Automate compilation to
= Automate image labeling = Scale to clusters GPUs and CPUs using
= Easy access to models GPU Coder:

= 5x faster than TensorFlow
=  2x faster than MXNet
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Why MATLAB for Deep Learning?

= MATLAB Is Productive

- MATLAB Integrates with Open Source
(Frameworks)

- MATLAB Is Fast (Performance)
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