Chapter 1: Introduction to Computer Vision
and Training Neural Networks
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Neural Network Weights
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Learning Neural Network Weights

50 »H’l]:s:l
WoogEg
Wy =2 =-1
-
Wy =1=-2 ;
W51 = 10=7¢ -

&
%

. w - T WL, T Age W T Haight + W, T Waight + W, Genes £ W, T Smoking + W, Lite Style
W

:gﬁﬁ,l 4 {MEmE e

2751521

4109 = 1 Gauudiit})
- e
Wai=10=7=5 .~
e -
1 m e o W, Bge + Wy T Height + Wy, © Weight +W,, * Genes + W ® Smaking + W™ Lite Style
Wi

=8<B1=85 ITRETIRTINTRNATS

[7]



[8]



High Variance
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F(Z) = Z— Identity Activation Function
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# of classes: 10

Accuracy: 0.9731

Precision: 0.9731

Recall: 0.9728

F1 Score: 0.9729
Precision, recall & Fl: macro-averaged (equally weighted avg. of 10 classes)

[2018-04-07 01:55:04]Saving model at C:\devSources\ComputerVision\HandWrittenDigitReco
[2018-04-07 01:55:04]Congratulations, the desired score found, !
[2018_04_07 01:55:04]*&******&*&*****Example finished&****ﬁ*k*&*&********

Process finished with exit code 0

Please draw a digit
Train Neural Network

Recognize Digit With Simple NN

Clear L
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Chapter 2: Convolutional Neural Network
Architectures
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Conv 5x5 X 20
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Activation Matrix (Input) Activation Size Parameters Size
Image Matrix 28X28X1 784 0
Conv 5X5X20,5=1 24 X 24 X 20 11520 500
Max 2 X 2 5=2 12X12X 20 2880 0
Conv 5X5X50,5=1 8X8X50 3200 1250
Max 2 X 2 5=2 4 X4 X50 800 0
FC1 128X 1 128 102400
FC2 64X1 64 8192
ouT 10X1 10 640
oW Navgate Lode Anal = N Toos Vis Window Help
 CompuaterVision 7 MG HandVWrittenDigithecognizer ) B8 e ) B main ) B2 resources ) BB conTranedMiacels ) Bl previog .t Yirn- b B §ED S B

& DigitRecognizerConvolutionalieuralNetworkjava X | @ AccuracyCalculatorjava X | 8 prevlog.ict

[201B-04-26 22:52:41]Cores: [4]; Memory: [13.3GB]; Y
[2018-04-26 22:52:41)Blas vendor: [OPENBLAS]
[2018-04-26 22:52:43]Reflections took 1269 ms to scan 116 urls, producing 2333 keys and 9715 values
[2018-04-26 22:52:43]Starting MultiLayerNetwork with WorkspaceModes set to [training: NONE; inference:®
[2018=-04=26 22:52:43]Reflections took 115 ms to scan 13 urls, producing 387 keys and 1538 wvalues
[2018-04-26 22:52:44]Starting early stopping training

[2018-04-26 22:54:36]Completed training epoch 0
[2018-04-26 22:54:40]Accuracy at iteration0 0.E
[2018-04-26 22:54:40]Score at epoch 0: 0.0343
[2018-04-26 22:59:33]Completed training epoch 1
[2018-04-26 22:59:52]Accuracy at iterationl O.9B%
[2018-04-26 22:59:52]New best model: score = 0.017000000000000015, epoch = 1 (previous: score = 0.034
[2018-04-26 23:05:16]Completed training epoch 2

[2018-04-26 23:05:39]Accuracy ab iterabtion? 0.98

[2018-04-26 23:14:13]Completed training epoch 2

[2018-04-26 23:14:39]Accuracy at iteration3 0.9841

[2018-04-26 23:14:39]New best model: score = 0.015900000000000025, epoch = 3 (previous: score = 0.0170
[

[

[

2018=-04-26 23:22:02]Completed training epoch 4

2018-04-26 23:22:38]Accuracy at iterationd 0.9865

2018-04-26 23:22:38]New best model: score = 0.013499999999999956, epoch = 4 (previous: score = 0.0159
[2018-04-26 23:29:07]Completed training epoch 5 |
[2018-04-26 23:29:39)Accuracy at iterationb 0.9867

[2018-04-26 23:29:39]New best model: score = 0.013299999999999979, epoch =
[2018-04-26 23:35:27]Completed training epoch 6

2 [2012_NA-2A 22+2R+N11Drrnracs ot ditaratioang N GAGR
R4Run “BETODD @ Statistic  [* @ Version Control [ Terminal ) Event Log

v

(previous: score = 0.0134
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[TdT View Navigate Lode Analyze Relactor Buid Run Jook Ve Window Hep
ComputerVision ' s HandWrittenDigitRecognizer ' = src | main resources | [ cnnrainedModels | B praviog et
& DigitRecognizerConvolutionalNeuralNetwork java % | @ AccuracyCalculatorjava X B previogte %
[2016-04-26 22:54:36]Completed training epoch 0
[2018-04-26 22:54:40]Accuracy at iteration0 0.9657
[2018-04-26 22:54:40]Score at epoch 0: 0.0343
[2018-04-26 22:59:33]Completed training epoch 1
[2018-04-26 22:59:52]Accuracy at iterationl 0.983
[2018-04-26 22:59:52]New best model: score = 0.017000000000000015
[2018-04-26 23:05:16]Completed training epoch 2
[2018-04-26 23:05:39]Accuracy at iteration2 0.98
[2018-04-26 23:14:13]Completed training epoch 3
[2018-04-26 23:14:39]Accuracy at iteration3 0.9841
[2018-04-26 23:14:39]New best model: score = 0.015900000000000025,
[2018-04-26 23:22:02]Completed training epoch 4
[2018-04-26 23:22:38]Accuracy at iterationd 0.9865
[2018-04-26 23:22:38]New best model: score = 0.013499999999999956,
[2018-04-26 23:29:07]Completed training epoch 5
[2018-04-26 23:29:39]Accuracy at iteration5 0.9867
[2018-04-26 23:29:39]New best model: score = 0.013299999999999979
[2018-04-26 23:35:27]Completed training epoch &
[2018-04-26 23:36:01]Accuracy at iterationeé 0.98‘)H|I
[2018-04-26 23:36:01]New best model: score = 0.010199999999599987,

& 4 Run £ & TODO & Statistic 1# @ version Control B Terminal

epoch

epoch

epoch

epoch

epoch

(previous:

(previous:

(previous:

(previous:

(previous:

Runv B # B §

sScore

sScore

sScore

score

sScore

Duna

Z5papipg

0.0343

Sal00d uazp

0.0170

0.0158

0.0134

0.0132

i Event Log

Please draw a digit
Train Neural Network

Recognize Digit With Simple NN

Recognize Digit With Convolutional NN

Clear b

ramok.tech
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Please draw a digit
Train Neural Network

Recognize Digit With Simple NN

Recognize Digit With Convolutional NN

Clear

ramok.tech

Please draw a digit
Train Neural Network

Recognize Digit With Simple NN

Recognize Digit With Convolutional N[:l

Clear

ramok.tech
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Chapter 3: Transfer Learning and Deep CNN

Architectures
Conv5x5X6 Conv 5x5x6 X 16
$=1,P=0 . St |

Max 2x2

s 2,P=0
10X10 X16
32x32 28X28 X 6 14X14 X 6
. gy
. —
Max 2x2 3 - ':
$=2,P=0 ® 1 2
L ]
5X5 X16 i . -
500

1x11 x 96

27x27x96

224x224x3 55x55x96

22N T 13x13x256

a ;s

Conv Conv Same (4] o
343 x 384 3x3 x 384 3x3 x 256 = : : Paraie:

1000
Classes
13x13x384 13x13x384 13x13x256
6x6x256 3 Hidden
Layers
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- 224)(224)(641 -|112X112)(64l '{112x112x1zs| -[ssxsexns]
2 times Pool 2 times Pool

Conv X 64 Conv X 128
224x224x3
-[s6 x 56 x 256 | {28 x28x 256 | -[28x28x 512 | {1ax14x512] -[14x14x512 |
3 times Pool 3 times Pool 3 times
Conv X 256 Conv X 512 Conv X 512
= TN EX -

— -
1000
output
classes Conv Same = 3x3xN

Max Pool =» 2x2,5=2

@ Theory

. Practice

Number of Layers
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34-layer residual

'.'"“-.

3x3 conv, 256 S

et.

£
%2 3 o R SR d
g ——nir i Hiablabiah g
5 é Elal el el Tl 3l lal [3] [z 7
m
16 22 44 88 72 176
1m1 34 78 E’ 136 164 312
E— 78 84 86 304
45 52 91
1x1 208 312 364
4x4x1 4x4x1
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4*16 22 18 44 64 88 72 176
11 34 41 78 [::::] 444 136 164 312
L e R 4 84 86 304
45 52 78 91
1x1 180 208 312 364
4x4x1 4x4x1
164 *220 18 a4 64 88 72 176
e 34 a 78 [::::] 444 136 164 312
e e 4 84 86 304
45 52 78 91
1x1 180 208 312 364
4x4x1 4x4x1
16 224*18 a4 64 88 72 176
111 34 41 78 [::::] 444 136 164 312
L N N 4 84 86 304
45 52 78 91
1x1 180 208 312 364
4x4x1 4x4x1
16 22 18 4 * 44 64 88 73 176
I
111, 38 41 78 [:::::} 444 136 164 312
I S 4 84 86 304
45 52 78 91
1x1 180 208 312 364
4x4x1 4x4x1
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16 22 18 44 64 88 | 7 176
a*n U a7 g E’ 444 136 164 312
&Y B 1 DTS 4 84 86 304
45 52 78 91
1x1 180 208 312 364
4x4x1 4x4x1
4x4x 64 1x1x 64
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&

4x4x 64 1x1x 64
4x4x 64 1x1x 6/ ’4){4)(128
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Conv
Conv Same EE—
stx—-*az 1x1x16
4x4 x16
4x4 x128
4x4 x32 Conv Same
4x4 x128 5x5x32 4x4 x32

1x1
/ 64
/

/ 1x1 3x3
//,/ 96 128
.
\‘\H

N\

\ Max Pool | 1x1
3X3 Same 32

-

28 x 28 x 64

28 x28x 192
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WE
° 1000 classes

A A VA NE NE WU
L) ° 1000 classes

Freezé
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1000 classes

Freezd 2 classes 2 1 dog, 0 cat

@  Classes > cat or dog
-

Conv Same = 3x3xN

1000
classes
2 thoen Lovers Max Pool = 2x2,5=2
4096,4096
VertexName (VertexType) nIn, nOut TotalParams ParamsShape Vertex Inputs
input 1 (InputVertex) e - - -
blockl _convl (ConvolutionLayer) 3,64 1792 b:{1,64}, wW:{64,3,3,3} [input_1]
blockl_conv2 (ConvojlutionLayer) 64, 64 36928 b:{1,64), W:[64,64,3,3} [blockl_conwvl]
blockl pool (Subsamplinglayer) - 0 = [blockl conw2]
block2_convl (ConvolutionLayer) 64,128 73856 b:{1,128}, wW:{128,64,3,3} [blockl pool]
block2_conv2 (ConvolutionLayer) 128,128 147584 b:{1,128}, W:{128,128,3,3} [block2_convl]
block2 pool (SubsamplingLayer) - 0 - [block2 conv2]
block3 convl (ConvolutionLayer) 128,256 295168 b: {1,256}, W:(256,128,3,3) [block2 pool]
block3_conv2 (ConvolutionLayer) 256,256 590080 b: {1,256}, W:{256,256,3,3} [block3_convl]
block3_conv3 (ConvolutionLayer) 256,256 590080 b:{1,256}, W:{256,256,3,3} [block3_conv2
block3_pool (SubsamplingLayer) - 0 - [block3_conv3)
block4 convl (ConvolutionLayer) 256,512 1180160 b:{l,512},.W:{512,256,3,3) [block3 pool]

predictions (DenseLayer)

4086,1000

4097000
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VertexName (VertexType) nlIn, nOut TotalParams ParamsShape Vertex Inputs
input 1 (InputVertex) == = = =
blockl convl (Frozen ConvolutionLayer) 3,64 1792 b:{1,64}, W:{64,3,3,3} [input_ 1]
blockl_conv2 (Frozen ConvolutionLayer) 64,64 36928 b:{1l,64}, W:{64,64,3,3} [blockl_convl]
blockl_pool (Frozen Subsamplinglayer) —a— 0 - [blockl_conv2]
block2 convl (Frozen ConvolutionLayer) 64,128 73856 b:{1,128}, W:{128,64,3,3) [blockl_pool]
block2_conv2 (Frozen ConvolutionLayer) 128.IIZB 147584 b:{1,128}, wW:{128,128,3,3} [block2_convl]
block2_pool (Frozen SubsamplingLayer) - 0 - [block2_conv2]
block3_convl (Frozen ConvolutionLayer) 128,256 295168 b:{1,256}, W:{256,128,3,3} [block2_pool]
block3_conv2 (Frozen ConvolutionLayer) 256,256 590080 b: {1,256}, W:{256,25¢,3,3} [block3_convl]
block3_conv3 (Frozen ConvolutionLayer) 256,256 590080 b:{1,256}, W:{256,256,3,3} [block3_conv2]
block3_pool (Frozen SubsamplingLayer) o 0 = [block3_conv3]

Total Parameters: 138357544

—_—— =

1T

Frozen Parameters:

[671]




Chapter 4: Real-Time Object Detection

Image Classification Object Localization

v

oy N

.

!.‘.l-
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P, b, b, Cl1 C2C3(C4
P, b, b, b, b,Cl C2€3C4
1050504081000 |
0?2 222 2222 }

0.65

-4 J‘E L s |

0.1

0.05
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y i 0.65
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R
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[ | 0.1

|I!II 110307 0.5 0.7 1,0,0,0,0
' ' 0.05

{l 0406 0.8 0.6 0,1,0,0,0}
{1 0.20.8 0.2 0.9 0,0,0,0,1} - 5 '055
[ . 1 — 0.22
3 |1010904 0500010 e
0.15 27
HEE e
] 4005 p < 03
' NN :
[ 0.1 0
IiII 11020705 0710000 0
; : 0.05 | g

IIII {1wqwbu30504npp} L
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Chosen Windows Sizes
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Chosen Windows Sizes
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112Xx112x 128 . SEIWIII‘EI

- [22ax224x60 ] 112 %112 X864 |
1times - “Poal ! 2 times Fool

Corm X 64 Cony X 128

2243243

[56X56X256 | + 18X 28X 256 Jaxzexsi2a]  J1ax14xs12] Jiax1axs2 |
'Pml' 3 tirmes - ! poal —— 4 ]l‘ll‘l\!‘i‘—J

3 times
Cony X 256 Conw X 512 Comy X512
lrxrxsiz| .

= v .

- 138 Million

ouput .

— Weights

2 Hidden Layers
4096,4096
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- L [ -
Max Pool
Conv Samao S=2 o a» -
3x 3 x 64 2x2x64 § - - - - - -
' e Pe Softmax
32X 32X3 o
32 x 32 x G4 bl - a» -
Max Pool
Conv Same 5=2 iy
§ 2x2x Gd’ ~ oy . Conv
3x3x6a 16x16x256 . ﬁ
32X32K3 1x1x128 e
1x1lx5
32x32x64 16 x 16 x 64 5 Classes
1x1x256 1x1x128
Max Paaol
-Cunv Same 5=32 —
- it - Conv (e
2x2 %64 -
BER e 16x16X256 - ﬁ
32X32XK3 1x1x128 A nSmE
1x1x5
bbb 16 % 16 x 64 5 Classes
1x1x256 1x1x128
3X3X256 3X3x128 3x3x5
Conv Max e é
Same Pool §=2 | 64 ATV .. oIy .._c‘:"'“‘l ]
3x3x64 2x2x64 16x16x256 1x1x128 1x1x5
1x1lx256 1x1x128
3X3X256 3X3x128 3x3x5
Conv Max e
Same Pool§=2 | Lonv _. Conv . Conv |
3x3x64 2x2x64 16x16x256 1x1x128 1x1x5
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3X3X256 3X3X128 3x3x5

Conv Max
Same | Pool §=2 Conv _. Conv Conv
Ix3x64 I%2 %64 16x16%256 1x1x128 1Ix1x5
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0.6
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list = all bounding boxes

repeat until no boxes left in list
maxBox=choose box with max P,
list.remove(maxBox)
for box in list
if(loU(box, maxBox)>0.5)
list.remove(box)
showBox(maxBox);
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o

o O =

8 x 9 x (5+C)
8x9x8

A

T

b,b, 100 }

b.b, 010 }

[85]




8x9x2x(5+C)
8x9x16

8x9x2x(5+C)
8x9x16

Video Predicted Bounding Boxes
» Read Video Frames * Predict with YOLO —— - E—
{'.: .' c.
Video Video Frames

» Main Thread ——E— _.©._ —E— ———YOLO Thread
[=] '

A

© { ‘ o

Predicted Bounding Boxes
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| £ Autonomeous Driving — O W

Choose Yolo Speed
O Load Real Yolo ® Tiny Yolo Real-Time but low accuracy 2

Choose Video Start Detection! Stop

ramok.tech

1 Autonomous Driving(ramok tech]1 - O X
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| £ Autonomeous Driving

Choose Yolo
O Load Real Yolo ® Tiny Yolo

Speed

Almost Real-time and medium accuracy -~

Choose Video

Start Detection! Stop

ramok.tech

1 Autonomeus Driving(ramek tech)1
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7 Autonomous Driving(ramok.tech)1 - O X
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7 Autonomous Driving(ramok.tech]2
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[ Autenomous Driving(ramok tech)1 - [m] x

e e e e i
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Chapter 5: Creating Art with Neural Style

Transfer

- [2z2ax 224 x6a

x 64

22ax22ax3
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0964096
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- [22ax323a x84 FEEFeTET
2 e
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Fool

2ZAx2ZAxD

56 x 56 x [

== saxamxase] . -l
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ool )
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1000
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Activations Correlation

) |

Bun=3a,"
821 = 3% a,
831 = a3* a
a1 = 5% 2,

- E 3
Bip=4a;" @
— %k
823
— *
832733 a4,

— *
8427347 @y

— *
8137 3d;" 33
— *
B3 =ay" a3
— = ¥
B33=3a3" a3

— *
843~ 34" A3
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811812|813 B1a
621852|823 824
331_ gazigaa _gaq
841842 B43|Bas

é 811812813 814
S G = S % Hrw amwecwthy = [B2B22/823/82
compare g; with g; €= C 3 * H'W ammqhiy 8 828 Bss
=, 841842 '843 Baa
H* C

J(G) = ax*]J(C,G) + B +](S,G)

1
](5’6)24* (W «H *(C)?

«|lgf = gf|°

g=a; *ai;dg=2*aj

dj(s,G) 1 s G GNT
ac ~ awwm oyl —arllx (@)
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JG)=a*J(C,G)+f * (k1x J(S,6) " +k2  J(S,G)? + k3 * J(S,6)B + k4 + J (S, 6)")
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J(C,G) =

J(S,G) =

w el

1 S _ 4G||?
ﬂ{ —_
4x (W «H xC)z "I

"C:\Program
[2019-02-06
[2019-02-06
[2019-02-06
[2019-02-06
[2019-02-06
[201%-02-0¢6
[2019-02-06
[2019-02-06
[201%-02-0¢6

Files\Java\jdk-11.0.2\bin\java.exe"

17:
17:
17:
17:
17:
17:
17:
17:
17:

51:
5l:
5l:
51:
5l:
51:
51:
5l:
51:

30]Loaded [CpuBackend] backend

30]giwen scan urls are empty. set urls in the configuration

30]Numbker of threads used for Nativelps: 4

30]Beflections tock 47 ms to scan 13 urls, producing 31 keys and 227 wvalues
30]Humber of threads used for BLAS: 4

30]Backend used: [CPU]; 05: [Windows 10]

30]Ccres: [£]; Memory: [4.0GE];

30]Blas wendor: [OPENBLAS]

3l]1Downloading model to C:\Users\Admin\.deeplearning4j‘\vgglé_dl4j_inference.zip
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Chapter 6: Face Recognition

Image Classification

Isitacar?
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Face Verification

Is Person with ID X?
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Face Recognition

Is any of known Persons in group?
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98% 16*2%=32%
Face Verification Face Recognition

Is Person with ID X? Is any of known Persons in group?
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F(x2)
F(xl)
ﬂ € "EE
,4,
' F(xz)
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Back propagate to learn parameters so:
(F(x) — F(x*))? = is small when image 1 and image 2 are similar
(F(xY) — F(x*))? = is large when image 1 and image 2 are dif ferent

Anchor
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Positive

d(A.P)=(F(A) — F(PY? = 0

MNegative

d(A,N)=(F(A) — F(N))* >0

(F(A)—F(P))* =0 ; (F(A) —F(N)* >0

(F(A) — F(P))? < (F(A) — F(N))*

(F(A) — F(P))* — (F(A) —F(N)*=< 0
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(F(A) = F(P))? = (F(A) = F(N))” < —e

(F(A) = F(P))* — (F(A) —F(N))* +e<0

0.5 — (F(A) —F(N))2 +02<0

When negative examples N are chosen randomly then the condition is easily
satisfied: d(A,P)+""<"d(AN)"; since d(A,N) will be always big enough

Choose triplets that are hard to train d(A,P)+"¢"<"d(A,N)"; so network has
to push up hard d(A,N) and down d(A,P) to satisfy the margin "&"

T «& & 88

F(X1)

WP R

F()
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F{j{l} \ )
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F{le}
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Z = sum(Wy + ( f(X])— F(X7) ) +b)
Y=s5ig(Z);0/1

{ FixE)-F(x5)) +b)

7 = ' .
sumWi * = iyerad)

E‘T F[Kj_:'
e.:- xl Dr"nallze

- ﬂ —y [F(X:)2 = F(X2)%)

1
% KZ Url‘l‘ldll{l’.
' ﬁ"] F[Kz:'

Brirls
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F{X }

F{x }

\ distance(F- ,F,) distance(F, ,F,) distance(F; ,F;) distance(F, ,F,) distance(F; ,Fs) |

min(distance) <0.5

|£:| Face Recognizer — m} X

Register New Member Choose Face Image Who Is? }

GerhardSchroeder

ramok.tech
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|£:| Face Recognizer — m} X

Register New Member Choose Face Image Who Is? }

ArnoldSchwarzenegger

ramok.tech

|£:| Face Recognizer — m} X

| Register New Member |  Choose Face Image Who Is?
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