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Datastores

Tall Arrays

Biglmage

Loads image/signal data
iInto memory as and
when needed

>> imageDatastore
>> audioDatastore

4\ Current Folder .
>> fileDatastore

Name »
=] Folder
= Datas
_background_noise_
bed
bird
cat
Custom Datastores also
H on available
0l one
)| ngh
+! ¥
+ sheila
+

Work with out-of-
memory numeric data
— Train deep neural

networks for
numeric arrays

8

e
e
i et

) ) 3
Analyze Big Data in Histograms of Tall Arrays Process Big Data in the
MATLAB Using Tall Arrays Cloud

Work with very large, tiled and
multi-resolution images

b4 P

Each red box is a 1024-by-1024 tile in the file.

L1's dimensions = 29,600 x 46,000

L2's dimensions = 14,800 x 23,000

L3's dimensions = 7,500 x 12,000

Rows = 29600

Columns = 46000

TileSizeIntrinsic = [1024 1024]

ResolutionLevelSizes = [29600 46000
14800 23000
7500

12000]

CoarsestLevel = 3

FinestLevel = 1

PixelSpacings = [1 1; 2 2; 3.947

3.833]
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EMALHEE- Registration Estimator App

4 F:

Detected: 79 and 101
Matched: 12

- —
1&1 | = ‘@1 = I) Overlay Style
Load SURF FAST BRISK Harris Register [Green-Magenta ~| Export
Images ¥ Images — v
LOAD TECHNIQUE RUN COMPARISCN EXPORT
Registrations ®
= |
1 Phase Correlation [DRAFT]
2 Feature: MSER [DRAFT]
Detected: 104 and l%
Matched: 5
3 Feature: SURF [DRAFT]

=el]

»i

Current Registration Settings

w Feature Parameters

Projective v Transformation

Number of Detected Features

Quality of Matched Features

o
L

Has Rotation

» Post-processing
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EMALIE- Image Segmenter App
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Load Load New Include Texture Threshold Gr#}\ 2 Local Flood = Morphol... Active = Show  Export
Image¥ Mask Segmentation ¥ Features Cui Graph Cut Fill Contours Binary b
LOAD NEW SEGMENTATION TEXTURE CREATE MASK ADD TO MASK REFINE MASK VIEW CONTROLS EXPORT =
Data Browser ®

¥ Segmentations

Segmentation 1

Segmentation 2

w History

&\ MathWorks 20




BAEFAALER- Apps

Color Thresholder Image Region Analyzer

ATLAB EXIPO

@\ MathWorks 21



*

£

REIAE- ABERE

imadjust imgaborfilt fibermetric

4\ MathWorks 22



Histogram of predicted scores

Defect detection using AlexNet: Results with preprocessing
Peak of normal score

Without pre-processing With pre-processing shifts right

(Sufficient margin from
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SEM: Image processing algorithm development

Image Enhancement

| J | —— Lond | W

[ Data ]
Ref. P.Espen, Development and Application of Image Analysis 'i'echniques for Identification Sharpenlng

and Classification of Microscopic Particles, UNIVERSITEIT ANTWERPEN, ANTWERPEN,1997
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Scanning Electron Microscope (SEM):
Image processing algorithm development
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Data Access and Preprocessing — Common Challenges
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3 i label
o |

Design Get More Install Package AUTOMOTIVE
App  Apps  App  App o
FILE s
<L HalH » C: » Prograr Ground Truth
Labeler
Current Folder
Name SIGNAL PROCESSING AND COMMUNICATIONS
EX R2019a
B R2019b e
= R2Dla Audio Labeler  Signal Labeler

IMAGE PROCESSING AND COMPUTER VISION

8L
e w

image Labeler  Video Labeler
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Image & Video Labeler

4
LABEL C; CleanUp | s = oy st () @ =
el 1 = =l dL Zoom In = Algorithm
Bl | ) H W } . [ Default Layout : I
—, Zoom Out TS are Select Algorithm
New load Save Import |tabel Show Restangie Labels || b oMM pstomate  View Label | Export
I b I Session ¥ v  Labelsw \d Pon Show, Scens Labels summary izbelsw
I I Iage La e er FILE MODE VIEW AUTOMATE LABELING SUMMARY EXPORT =
+ Video labeler
L

Define New ROl Label

Big-Image :

Scene Label Definition

L ab e | e r L‘L]F] Define new scene label
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Big Image Labeler

4 Big image Labiels _

FILE CONVERSIONS EXISTING L

407 SN 7HlESG MMM O"
Overview Region: [42497 48641 1538 1024)

LEFT-Clich: Move box, DRAG: Reposition/Resize, RIGHT <lick. New freehand region

OPTIONS

Image Labeler
+ Video labeler )

Sublmage from: Scand04_cellspot_pyramid;
% Define new frashand region, RIGHT-Click - Auto-Segment

Toakog Ophons
SegmematnnT Her Semngs

-
LESPLAYERONT dtada
B I g — I I I I ag e x ST Savatatyy Rorges Sampeh gnan

DeereEaraa Traemnp Graze J '
Labeler e s ' ' ‘
LAEEL VISRLITY ®) Setimage ‘
|overtew [ Sutenace RN 4 Oweraew Image
0 W Aea Pt T3
’ | Ko Save — 1ed
Wi Ovarlaz
Latwing Made (] asawncies?
=t = Chazr Usiabains RTH
) Marusty Ladel Segmertation Dptus
® Thiesngis 7] tus
- W
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RO Type Gy Crmamctty — -
23 I Sy < )
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> U SeieciDyLadwl|  GoTomeat | Debwte Teleches
@ Reciangle TG H NS Ml oy < | Y
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CONVOLUTIONAL NEURAL NETWORK (CNN)

<

o,

LEARNED FEATURES 95%
SRR
o o
O O

2%

7

FAULTY
2. MFINZMEBI (EBEF3])

FINE-TUNE NETWORK WEIGHTS

3 4 PRE-TRAINED CNN H NEW TASK
FAULTY

NEW DATA
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MNEFIRIN ST ML

D & Zoom In

New Import &l Zoom QOut

J NAVIGA

E LAYOUT | ANALYSIS | EXPORT
LAYER LIBRARY PROPERTIES
Number of layers 0
Number of connections 0
imagelnputLayer Input type None
Output type None
image3dinputLayer

sequencelnputLayer

roilnputLayer

CICIEIE -

)

TION AND FULLY CON

+

]

convolution2dLayer

convolution3dLayer
groupedConvolution2dLayer

transposedConv2dLayer

transposedConv3dLayer

fuIIyConnectedLayeL\\)

IstmLayer

100

[ PR Qs
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AEFIINAEMEN

7t RATIGRGAE (EB )

v

— car
— truck
— van

Fully
Connected Softmax

_ food
H H __ tree

Convolution + Convolution +
ReLu Pooling RelLu Pooling

LLTTTTTT]

N
N

Feature Learning ew Classification
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4\ Deep Network Designer = O X

MATLAB

Getting Started Compare Pretrained Networks Transier Learning

1 [ [} ]
= 0 [l [ O g000| [DoO|n
00 O O O 0
O o | ]
O oDooo [l [0 C L O simin
& [ [ o I Joon C
[ 0
0o [ [ [
mils W 0 10ono C
[ Oooon O O [ o o | O
SqueezeNet GoogleNet ResNet-50 DarkNet-53 DarkNet-19 ShuffleNet NasNet-Mobiie
1 O 0 [ O
O00| (OO 0 O o & ]
O O 0o O [ O 00
[
w BB B E O ] B DoocC
[] o 0 W O [ Ol Dooo
O] [ O [l
® 000 [J
10oo C 0 [] m [
i F3 | [l EEEN [ [ 0 N
NasNet-Large Xception Places365-Goog... MobileNet-v2 DenseNet-201 ResNet-18 Inception-ResNe...
O [J
[1 O ] [ [ o
00 [ 0
0 [ [
E EH B . .E ] J [J
Dooo [ 0 O o
=) B -
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CONVOLUTIONAL NEURAL NETWORK [CNN)

LEARNED FEATURES

Bicycle

Explainable Al . Class Activation Mapping (CAM)
is required * Grad-CAM

4\ MathWorks


https://jp.mathworks.com/help/releases/R2019b/deeplearning/examples/investigate-network-predictions-using-class-activation-mapping.html
https://jp.mathworks.com/help/releases/R2019b/deeplearning/ug/gradcam-explains-why.html

EAABEHERE (CAM) St 2= Fn AR TR P 4% /Y 7 )

mouse, 0.46095 buckle, 0.14911
remote control, 0.24144 sock, 0.087194

computer keyboard, 0.12748

mailhag, 0.056052

[ES ko 420 B Bl sy EHIMFzR, MHIRIEAIK
FEIERFR, MEEIREIRAIA 5 AT
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Visualization of Features with CAM

Captured Image Classification and CAM

B OK — Reacts to whole surface
Bad— Reacts to the scratch
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Deep Learning for Defect Detection
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LAB EXPO
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Detecting Objects with You Only Look Once (YOLO) v2

Decode
Predictions

2redictions

Build, test, and deploy a deep learning solution that can detect objects in images and video
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Experiment Manager

& @ Experiment Manager

- B 0 M7

Layout Stop Training Confusion  Filter
v - Plot Matrix v v
FILE ENVIRONMENT RUN | REVIEW RESULTS FILTER A EXPORT ry
EXPERIMENT BROWSER v Baseline Tuning Baseline Tuning | Result1

~ (] DigitsClassifier

g v Result Details
~ /&, Baseline Establishment

Sweep Initial Learning Rate Baseline Tuning 2/7/2020, 12:53:36 PM 7/16 Trials

& ¢ (View Experiment Source)

Basainoun @ Complete 7 A Stopped 0 © Error 0
~ /@, Baseline Tuning O Running 1 = Queued 8 X Canceled 0

Result1 (Running)
@ Larger Initial Learning Rate Range

Sweep Learning Rate Conv Size and| | - i
Add Conv-Batch-ReLu Banks Trial Status Progress Elapsed Time myinitialLearn... convFilterSize Training Accu... Training Loss Validation Ac..‘
Vary Filter Size of First Conv2D Layef |1 & Complete I 100.0% 0 hr 0 min 16 sec 1.0000e-6 3.0000 12.5000 2.6441 10.

Train Validation Split Study 2 & Complete I 1 00.0% 0 hr 0 min 15 sec 1.0000e=5 3.0000 25.7813 2.1228 20.

3 & Complete I 100.0% 0 hrO min 14 sec 0.0001 3.0000 64.8438 1.0878 a2,
‘4 & Complete I 1 00 0% 0 hr 0 min 16 sec 0.0005 3.0000 90.6250 0.4648 49,
5 & Complete I 100.0% O hr 0 min 15 sec 1.0000e-6 4.0000 11.7188 2.4967 6.
6 & Complete I 100.0%  OhrOmin 15 sec 1.0000e=5 4.0000 23.4375 2.1213 14,
7 @ Complete I 100.0% O hr0min 17 sec 0.0001 4.0000 72.6563 1.0283 39.
‘ 8 O Running By | 30.7% 0 hr 0 min 4 sec 0.0005 4.0000
9 = Queued ! | 0.0% 1.0000e~6 5.0000
10 = Queued | 0.0% 1.0000e-5 5.0000
" = Queued (i 0.0% 0.0001 5.0000
12 = Queued 0.0% 0.0005 5.0000
".3 = Queued | B | 0.0% 1.0000e-6 6.0000
114 = Queued N | 0.0% 1.0000e-5 6.0000
15 = Queued (f 0.0% 0.0001 6.0000
|16 = Queued H | 0.0% 0.0005 6.0000

&\ MathWorks
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Deploy defect detection algorithms from
MATLAB to ZCU102 board from Xilinx

Deploy defect detection algorithms from
MATLAB to Jetson AGX Xavier

4\ MathWorks
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R E

wads: 166 total, 2 nning, 102 eaping, 0 stopped 0 s

19.7 , 0.9 sy 0.0 ni, 79.3 td, 0.0 wm, 0.0 h:, 0,1 s:, 0.0 st
4080036 total, 2438432 fres, 203796 usea, 1437808 buff/cachs
4194300 total, 4194300 Troe, 0 ussd. 3I651968 avall Men

Muts Defoct Detuction DVino

% Tt $EPB P PLPHY

P S O TV S Tl R Sk T s LT R 1) 1 S oY R TR B PR R S S 1)
2932% techcon 20 0 5984 2060 2176 R 2.3 6.1 0:01.18 top

Resources:

Defect detection deployed on

ARM Cortex-A microprocessor

B EXXPO

=  Deploying Deep Neural Networks to GPUs and
CPUs Using MATLAB Coder and GPU Coder

= Using GPU Coder to Prototype and Deploy on
NVIDIA Drive, Jetson

= Real-Time Object Detection with YOLO v2 Using
GPU Coder

= Image Classification on ARM CPU: SqueezeNet

on Raspberry Pi

= Deep Learning on an Intel Processor with MKL -

DNN

4\ MathWorks 52


https://www.mathworks.com/videos/search.html?q=&fq=product:GC
https://www.mathworks.com/videos/deploying-deep-neural-networks-to-gpus-and-cpus-using-matlab-coder-and-gpu-coder-1567105707114.html
https://www.mathworks.com/videos/using-gpu-coder-to-prototype-and-deploy-on-nvidia-drive-jetson-1571293977178.html
https://www.mathworks.com/videos/real-time-object-detection-with-yolo-v2-using-gpu-coder-1553781156610.html
https://www.mathworks.com/videos/image-classification-on-arm-cpu-squeezenet-on-raspberry-pi-1555060615835.html
https://www.mathworks.com/videos/deep-learning-on-an-intel-processor-with-mkl-dnn-1521719205310.html
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MATLAB
Production Server

< 4 ‘
Request <« .
Broker < -
|

<
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Databases

Cloud Storage

Containers

Dashboards
Custom Tools

Cloud & Datacenter
Infrastructure
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Image Processing Toolbox

Perform image processing, visualization, and analysis

Computer Vision Toolbox
Design and test computer vision, 3D vision, and vide
processing systems Pedestrian

70 +—
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