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623 £ =5= 80t UE= U=

B LeNet-5 At [LeCun1998]
= 9l 7|Z=Lo 2 B O ZHEhok AE R UEY(C-P-C-P-C-FC-FC)

- U2 1%32+32 ©IM(32+32 27|29 E7| =Xt )

- 28 =51
- AERP2 55 712 S 6/ AHE(EZ 1, ROi7| otet): 1%32*32 HIA > 6*28*28 HIA
- 22 22 HE S ME(EE 2): 6*28*28 HIM > 6*14*14 HIA

— C3:f. maps 16@10x10
: feature maps S4: f. maps 16@5x5
INPUT 6@20028 ps 16@

| | Full conrkectiOn | Gaussian connections

Convolutions Subsampling Convolutions ~ Subsampling Full connection

(@) [LeCun1998]e| a2

g 221 dd EE2
h=5 h=5 h=5 ; 1
1 g=1 6 6 s=1 16 16 g1 2 ]
p=0 h=2 p=0 h=2 p=0 2
k=6 28 5= 14 k=16 10 s=2 5 k=120
= = £ > = I
28 14 10 5 . FC = FC
p c P c : 10
5120 Has

(b) 0] o] Aol K 12

% 6-11 LeNet-52| Ax(he #HLo| 37|, s= BE, p= Gith7|, ks #HE 714y



2%2 72 S AR (EE 2): 16*10*10 > 16*5*5

B LeNet-52| 7FSX[(OH7H B =) =

HEZMZE2 5+5 HY 671+5*5 A2 1671 + 5*5 H'E 12074
=(5*5+1)*(6+16+120)=3692 7|

FC 32 (120+1)*84+(84+1)*10=110147H
UTE|ZL 14706712 Of 7} =

=
s0| =7 SECH 38 7+E
7 =5 S0l g2
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M2 55 {4 S 167 AFZ2(EZ 1, HCH7| ot2h: 6*14*14 > 16*10*10

ME(5*5 HES 1207 A8, EZ 1, WLH7| 2tgh: 16*5*5 > 1*120
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= Of)) [A8 6-5]2] =& 0| X[t =& 0| X]
= Ao Ao = HAAISH| M0 O B 895 B9 7Is
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m o2 7HX 2
= A OO|H
- MNIST 27| =X}
« Fashion MNIST
- At G4 CIFAR-10

= 03 SR 5= ArEE2EZMN HAMERS RH



6.4.1 27| =X A4

® LeNet-5 X &
« C-P-C-P-C-FC-FC 7=

- [Z2H 5-919F H X2 S
- 2Kt FE2S FRIGHOF S

01
02
03
04
@5
06
Q7
08
09
10

11
12

13
14
15
16

—

HEA|SH B0} CHapzl
I2 2 reshape(60000,28,28,1)2 A&

LeNet-52 MNIST 214

import numpy as np
import tensorflow as tf
from tensorflow.keras.datasets import mnigt

from tensorflow.keras.models import Sequgntial

from tensorflow.keras.layers import Con¥2D,MaxPooling2D,Flatten,Dense
from tensorflow.keras.optimizers impor/t Adam

o] Cheh M= 6.4.280lM 72&| M o= HHSIT},

# MNIST GIO|E{Al2 YT AMZY0| YA HEHE HEE
(x_train,y_train),(x_test,y_test)=mpist.load_data()
x_train=x_train.reshape(60000,28,28,1)
x_test=x_test.reshape(10000,28,28,1)
x_train=x_train.astype(np.float32)/255.0
X_test=x_test.astype(np.float32)/255.0
y_train=tf.keras.utils.to_categorical(y_train,10)
y_test=tf.keras.utils.to_categorical(y_test,10)

ET3 (60000.28,28)0] 0|2t (60000.28,28,1)2! 01R= 6.4.28f0lM HHSICt 2 ot Al

T=5h= 18~26



6.4.1 27| =X QU4

17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32
33
34
35

# LeNet-5 A1Z% 2% 4% / AE2M AZAY M
cnn=Sequential()

cnn.add(Conv2D(6,(5,5),padding="same",activation="relu’,input_shape=(28,28,1)))
cnn.add(MaxPooling2D(pool_size=(2,2)))

cnn.add(Conv2D(16,(5,5),padding="same ,activation="relu’))
cnn.add(MaxPooling2D(pool_size=(2,2)))
cnn.add(Conv2D(120,(5,5),padding="same",activation="relu"))

cnn.add(Flatten())

cnn.add(Dense(84,activation="relu"))

cnn.add(Dense(10,activation="softmax"))

#AEY 2 sts
cnn.compile(loss="categorical_crossentropy’,optimizer=Adam(),metrics=[ accuracy’])

hist=cnn.fit(x_train,y_train,batch_size=128,epochs=30,validation_data=(x_test,
y_test),verbose=2)

#AEY 2E HEE Yt
res=cnn.evaluate(x_test,y_test,verbose=0)
print("E&&2",res[11+100)




6.4.1 =7| £X} OIAl

36
37
38
39
40
41
42
43
e
45
46
47
48
49
50
51

52
53

54
55
56

import matplotlib.pyplot as plt

# HEE ez
plt.plot(hist.history['accuracy'])
plt.plot(hist.history['val_accuracy'])
plt.title('Model accuracy")
plt.ylabel('Accuracy’)

plt.-xlabel('Epoch’)
plt.legend([ ' Train', Validation'],loc="best")
plt.gridQ

plt.show()

# & g Jez
plt.plot(hist.history[ loss'])
plt.plot(hist.history['val_loss'])
plt.title('Model loss")

plt.ylabel('Loss")
plt.xlabel('Epoch”)

plt.legend(['Train', Validation'],loc="best")
plt.grid()
plt.show()




6.4.1 27| =X A4

Train on 60000 samples, validate on 10000 samples
Epoch 1/30

60000/60000 - 295 - 1oss: 0.2021 - accuracy: 8.9378 - val_loss: 0.0708 - val_accuracy: 0.9772
Epoch 2/30

60000/60000 - 31s - loss: 0.0552 - accuracy: 8.9830 - val_loss: 0.0501 - val_accuracy: 0.9828
Epoch 3/30

60000/60000 - 49s - loss: 0.0385 -accuracy: 8.9879 - val _loss: 0.0417 - val_accuracy: 0.9862

Epoch 29/30

60000/60000 - 30s - Lloss: 0.0043 - accuracy: 8.9987 - val_loss: 8.0500 - val_accuracy: 0.9903
Epoch 30/30

60000/60000 - 32s - loss: 0.0044 - accuracy: 0.9987 - val_loss: 0.0465 -val_accuracy: ©.9911
99.11% d=&E 20 97.99%2

HHBS 09.1100013256073 + #e S HEEE0 HIdl 1.12% ¢

Model accuracy Model loss

0200 —— Train
Validation

Loss
=
L
=
=

= Train
“alidation ooon

: : - n : a 3 0 5 10 5 n = »
Epoch Epech
3 SC T HE




6.4.1 27| =X A4

m AERM MHY Rt 1X
« [EE2E 6-2]= keras.io AIO|EZ} MEdte B F&2F 510 Of7f H=a= AtE
= C-C-P-dropout-FC-dropout-FC T Z(dropout2 Al 7| ¥ 0|22 C-C-P-FC-FC T+ X)

keras.ioil= F-E5 ol EE:LE.:,Hm 01 YLt hitps://keras.io/examples/mnist_cnnoll F&sHH MNIST €l
AlS flet ZEFE LBY Z2OAE FE 4= ULk 0| 222 FE|OO|XZ AdadeltaE 211 Q=0 AdadeltaS
Met £ A50| B0%HE HOLIX| 2 ru tftA 20801A Adam A%

LEFN LIBZ2E MNIST 214

@1 import numpy as np

02 import tensorflow as tf

03 from tensorflow.keras.datasets import mnist

04  from tensorflow.keras.models import Sequential
05 from tensorflow.keras.layers import Conv2D,MaxPooling2D,Flatten,Dense,Dropout
06 from tensorflow.keras.optimizers import Adam

a7

08 & MNIST Hloleig Hn AFYol YA HYez e

09 (x_train,y_train),(x_test,y_test)=mnist.load_data(
10 x_train=x_train.reshape(60000,28,28,1)

11 x_test=x_test.reshape(10000,28,28,1)

12 x_train=x_train.astype(np-float32)/255.0

13 x_test=x_test.astype(np-float32)/255.0

14y train=tf.keras.utils.to_categorical(y_train,10)

15y test=tf.keras.utils.to_categorical(y_test,10)
16




6.4.1 =7| £X} OIAl

17 #4329 47 / AE2M MEY M7
18  cnn=Sequential()

19  cnn.add(Conv2D(32,(3,3),activation="relu’,input_shape=(28,28,1)))
20 cnn.add(Conv2D(64,(3,3),activation="relu"))

21 cnn.add(MaxPooling2D(pool_size=(2,2)))

22 cnn.add(Dropout(0.25)) & c=Soiee sk 50| U bS] 7IEAIS AR B2t B50R Phes 7| 7|Ho|ch SZ01R0) A=
23 cnn.add(Flatten()) B6.280N S5,

24 cnn.add(Dense(128,activation="relu"))
25 cnn.add(Dropout(0.5))

26 cnn.add(Dense(10,activation="softmax"))

27
28 # HZY 2Y By

29  cnn.compile(loss="categorical_crossentropy’,optimizer=Adam(),metrics=["accuracy'])
30 hist=cnn.fit(x_train,y_train,batch_size=128,epochs=12,validation_data=(x_test,
y_test),verbose=2)

31

37 # AlAoF od HIE T}

33 res=cnn.evaluate(x_test,y_test,verbose=0)
34 print("A=E2",res[11+100)

35




6.4.1 =7| £X} OIAl

36 import matplotlib.pyplot as plt

37

38 # YEE 1=

39 plt.plot(hist.history['accuracy'])

40 plt.plot(hist.history['val_accuracy'])
41 plt-title('Model accuracy’)

47 plt.ylabel('Accuracy’)

43  plt.xlabel('Epoch")

44 plt.legend(['Train','Validation'], loc="best’)
45  plt.gridQ

46  plt.show()

47

48 # &H o JZ

49 plt.plot(hist.history[ loss']D

50 plt.plot(hist.history['val_loss'])

51 plt.-title('Model loss’)

52 plt.ylabel('Loss")

53 plt.xlabel('Epoch")

54 plt.legend(['Train’, Validation'], loc="best")
55 plt.grid()

56 plt.show()




6.4.1 27| =X A4

Train on 60000 samples, validate on 10000 samples

Epoch 1/12

60000/60000 - 815 - loss: 0.2378 -accuracy: 8.9268 - val_loss: 8.0553 -val_accuracy: 0.9822
Epoch 2/12

60000/60000 - 855 - loss: 0.0879 -accuracy: 8.9728 -val_loss: 0.0411 -val_accuracy: 0.9856

Epoch 10/12

60000/60000 - 80s - loss: 0.0245 - accuracy: 0.9924 - val_loss: 0.0295 - val_accuracy: 0.9905
Epoch 11/12

60000/60000 - 80s - loss: 8-0235 -accuracy: 8.9925 -val_loss: 8.0294 -val_accuracy: 0.9913
Epoch 12/12

60000/60000 - 79s - loss: 8.0202 -accuracy: 0.9931 -val_loss: 8.0260 -val_accuracy: 0.9923

99.23% H=HES 20 99.11%2

HEB2 99.22999739646912 «— LeNet-50] B[S 0.12% 2%

Model accuracy Model loss
] —— Train

09 Validation

0.98 1 0.20 1

0.97 1
& 0.15 4
E %]

0.56 =
5] 5
& 0.95 0.10 7

0.94 4

= Train 005 4
0.3 1 Validation
0 2 2 " 8 10




6.42 HIAEZ2 T2 2}

m HAMERZ T2 AUY A =2t 4| 7tX| SeiA
= models A (0 7|A 23)
- | S| A0 7| M M E) e HANZZ Zz 30| 7|20|L| & 7|2t uE
ayerS H (O:l | -I (keras To) Al_olE EODI- %B)
= loss A (5.7=20|A A H):

= optimizers 222 (5.8E 0| A A H)

® models =2 £: Sequentialdl functional API

= Sequential &=

. &Aooz 58 ot

o
- HEE AZ 0] of 120
- [ER2OW 6210 M=
— 1880| Sequential 42 cnnO|2h= ZiH| Ao
— 19~26H2 add B2 T2 &0t

ol-A

= functional API
- HAMZ7} SECHT SZHOAM 2 2 ZetX|= EBR(EE0| o2 71 = AUS
- AMAEO|L M ZEHOAN ST &0, (=23~ 10-2))



642 HIMER 22T

® layers 222 Dense, Conv2D, MaxPooling2D, Flatten &<
- Y S 4 (220 6-2]9 19

19 cnn.add(Conv2D(32,(3,3),activation="relu’,input_shape=(28,28,1)))

- input_shape=(28,28,1) Oi7ff &= MAL0| (28*28*1) BN 7} LHEICH= AHY Y=
- (28*28) T &l (28*28*1)2 Ar&dt= Ol = g FXI(RGB B2 BF (28*28*3)22 =)
- W QF &= 7 D7 32,3,3)2 3%3 27|12 HE S 3270 AHESE=E £

~- [O38 6-7]0] (2 k'=320|12 h=30 M
- activation='relu'= ZAESZM A0 RelU & SH4+-E M 3ete £

= Conv2D2| API
[Conv2D 2| API]

Tensorflow. layers.Conv2D(filters, kernel size, strides=(1,1),
padding="valid', data_format=None, dilation_rate=(1,1), activation=None,
use_bias=True, kernel_initializer='glorot_uniform', bias_
initializer="zeros', kernel_regularizer=None, bias_regularizer=None,
activity _regularizer=None, kernel _constraint=None, bias_constraint=None)



6.42 HIMERE T2

H layers S22 (.

oL|x TS

|__IO_I|-§_IO

=]
=

%OHH A=)

(T2 6-2]19| 20~2634

20 cnn.add(Conv2D(64,(3,3),activation="relu"))
21 cnn.add(MaxPooling2D(pool_size=(2,2)))
22 cnn.add(Dropout(0.25))
23 cnn.add(Flatten(Q))

24  cnn.add(Dense(128,activation="relu’))

25 cnn.add(Dropout(0.5))
26 cnn.add(Dense(10,activation="'softmax"))

O|=0f|= input_shape D7 Hs Qe UZ(O[H 52| BN +XE

. 196élio| olgi=x=

I:I_IO

17| M2

L SS0iR2 8%
6.6.2&0llA dHsICt

=30 €8 HIEe| 7ISXIE 7



6.4.2 HIAE2 22U

L &l APIS ATHEMHA XHI0| MASH A1FY XS HElS| Ot Y2 EIH S 6ICE ox Z2TJES e}

She Gl DRI Elaid ZRsHel S2H0| ZAAIX| SH=Ch HILAS HIS 0 H0| QU= IR0 oI5 Z2vt Eix) £
Sl 242 201, S0l QU LIS £5skn S43) 2z} EADI Kol ZXE oae) 22080t Sk 23l DiEbIN]

= Held Z=2dS E olE K27 K| MEASE HHYV I BIEX o2 HAG3H0F Bict,

_= [ —



6.4.3 DM QlA|

m [ZZ20% 6-3]2 fashion MNIST Q1A= AZEEM AMZAY

-
« [E20H 6-2]0M HEHX = B2 HOIHE 5050 &= &

Ll 7imEM MZAIOR fashion MNIST Q14!

# 03¥1 QOUE M 2Tt LHHA|= [Z20H 6-2]2 &2
03 from tensorflow.keras.datasets import fashion_mnist

09 (x_train,y_train),(x_test,y_test)=fashion_mnist.load_data()

fashion MNIST HIO|E{0fl CHShAL= 5.4.38 0t [Z202 5-8], [Z20H 5-11]2 EXSICL



6.4.3 T Q4]

Train on 60000 samples, validate on 10000 samples

Epoch 1/12

60000/60000 - 41s - loss: 0.5322 - accuracy: 0.8102 - val_loss: 0.3338 -val_accuracy: 0.8785
Epoch 2/12

60000/60000 - 40s - loss: 0.3467 - accuracy: 0.8766 - val_loss: 0.2899 - val_accuracy: 0.8930

Epoch 11/12

60000/60000 - 40s - loss: 0.1577 - accuracy: 0.9405 - val_loss: 0.2124 - val_accuracy: 0.9263

Epoch 12/12

60000/60000 - 42s - loss: 0.1474 - accuracy: 0.9452 - val_loss: 0.2154 - val_accuracy: 0.9271
) 92.71% d=&= A0 89.67%2

YEE2 92.71000027656555 «—— [EZ 13 5-12]0f H|8l 3.04% %=

Model accuracy Model loss

0941 — Tain —— Tain
Validation 0.50 1 Validation




6.4.4 XIH HAF QI Al

B B ZEOHTOM =2 Aot XS B

= ImageNet
= MSCoCo

= CIFAR: ZFOFAl MNIST CF2 0| =2 AF2

m CIFAR-10

o CllO[E O] £

= {airplane, automobile, bird, cat, deer, dog, frog, horse, ship, truck}2| 105 &

= QMO 3x3p THO 2 F 3

airplane

=S~ ~ BB

automobile EE'.E‘E.-‘

bird
cat
deer
dog
frog
horse
ship

truck

13 6-14 CIFAR-1

 LOREEEESE
: ErEEE R
: b EAES
PHEEZIE -
R IED RED
Il IS
LDEBIE N
EREGREEGE
RSB~ 02 @,
S MEFEYE e

0 Hlo]e{Al



6.4.4 X G U4

B [ZZ23H 6-4(a)]= CIFAR-102 QA= ZHEEM MAY

- MNISTS Ql4|st= [Z217 6-2]9 CFH2 22 HO[E{ 4l gl £

- CIFAR-102 HIA| F2Z7} 0|0] (32*32*3)0|{ M reshape 2% ZLQ QIS

ColabOf| A A&

01
02
03
04
@5
06
a7
08
29
10
11
12
13
14

CNNS=E CIFAR-10 214

import numpy as np

import tensorflow as tf

from tensorflow.keras.datasets import cifarle

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Conv2D,MaxPooling2D,Flatten,Dense,Dropout
from tensorflow.keras.optimizers import Adam

# CIFAR-10 HIO[EAMIE 1 LZTo| LS FEHZ HEL
(x_train,y_train),(x_test,y_test)=cifarl0.load_data()

x_train=x_train.astype(np.float32)/255.0 CIFAR-102 2! [|o|E 7}
x_test=x_test.astype(np.float32)/255.0 (32,32,3) HAME HSZ| D2
y_train=tf.keras.utils.to_categorical(y_train,10) [EE:LEH 6 212t 2
y_test=tf.keras.utils.to_categorical(y_test,10) reshape 62 287 8ls




6.4.4 Xt A4 Q1A

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35
36

- 1

#AEY 28 45

cnn=Sequential()
cnn.add(Conv2D(32,(3,3),activation="relu’,input_shape=(32,32,3)))
cnn.add(Conv2D(32,(3,3),activation="relu’))
cnn.add(MaxPooling2D(pool_size=(2,2)))
cnn.add(Dropout(@.25))
cnn.add(Conv2D(64,(3,3),activation="relu"))
cnn.add(Conv2D(64,(3,3),activation="relu"))
cnn.add(MaxPooling2D(pool_size=(2,2)))
cnn.add(Dropout(0.25))

cnn.add(Flatten())
cnn.add(Dense(512,activation="relu’))
cnn.add(Dropout(0.5))
cnn.add(Dense(10,activation="softmax"))

# HET 2 s
cnn.compile(loss="categorical_crossentropy’,optimizer=AdamQ),metrics=['accuracy'])
hist=cnn.fit(x_train,y_train,batch_size=128,epochs=30,validation_data=(x_test,
y_test),verbose=2)

#AUEY 22 HEE HIt
res=cnn.evaluate(x_test,y_test,verbose=0)
print("AEE2",res[1]+100)




37
38
39
40
41
42
43
v
45
46
47
48
49
50
51
52
53
54
55
56
57
58

import matplotlib.pyplot as plt

# HEE Jz
plt.plot(hist-history['accuracy'D
plt.plot(hist.history['val_accuracy'])
plt.title('Model accuracy’)
plt.ylabel('Accuracy’)

plt.xlabel('Epoch")

plt.legend(['Train’, Validation'], loc="best’)
plt.grid()

plt.show(

# &4 g5 J8Z

plt.plot(hist.history['loss']D
plt.plot(hist.history['val_loss'])
plt.title('Model loss")

plt.ylabel('Loss’)

plt.xlabel('Epoch")

plt.legend(['Train', Validation'],loc="best")
plt.grid()

plt.show()




6.4.4 XA g UA

Train on 50000 samples, validate on 10000 samples
Epoch 1/30

50000/50000 - 1265 - loss: 1.6821 - accuracy: 0.3850 - val_loss: 1.3316 - val_

accuracy: 0-5239
Epoch 2/30

50000/50000 - 110s - loss: 1.2766 - accuracy: 0.5451 - val_loss: 1.1318 - val_

accuracy: 0.6046
Epoch 3/30

50000/50000 - 103s - loss: 1.1022 - accuracy: 0.6050 - val_loss: 0.9390 - val_

accuracy: 0.6736

Epoch 28/30

50000/50000 - 103s - loss: 0.4458 - accuracy: 0.8483 - val_loss: 0.6328 - val_

accuracy: 0.7916
Epoch 29/30

50000/50000 - 101s - loss: 0.4391 - accuracy: 0.8427 - val_loss: 0.6300 - val_

accuracy: 0.7889
Epoch 30/30

50000/50000 - 100s - loss: 0.4424 - accuracy: 0.8411 - val_loss: 0.6132 - val_

accuracy: 0.7989 79.89% jg§|_ =

MEtH=& =28 F7¢

Model accuracy Model loss

HEEZS 79.89000082015991

M=
oo

— Train
Validation

— Train

Validation
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CNNSeZ CIFAR-10 Q4 =

cnn.save(“my_cnn-h5")
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B NZEs BE SEHQI|((Z21H 6-5])

o] SRSEI DEl Sairt M|

01 import numpy as np

02 import tensorflow as tf

03 from tensorflow.keras.datasets import cifarle

04

5 # AFY TRt TIFAE MASL U= OIS YO =

06 cnn=tf.keras.models.load_model("my_cnn.h5") <—— load_model &
07 cnn.summary() <—— summary T2 222 22 71X &9l
08

09 # CIFAR-10 GIO[E{AIE 1 LZFYo| Y FEHZ HE

10 (x_train,y_train),(x_test,y_test)=cifarl@.load_data()

11 x_train=x_train.astype(np.float32)/255.0

12 x_test=x_test.astype(np.float32)/255.0

13 y_train=tf.keras.utils.to_categorical(y_train,10)

14  y_test=tf.keras.utils.to_categorical(y_test,10)

15

16 res=cnn.evaluate(x_test,y_test,verbose=0) «—— st&ot 2}
17  print("HEEE2",res[1]1+100)

22 MHEols 5

[
M
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B NE HEE

Model: "sequential_4”

Layer (type) Output Shape Param #
conv2d_16 (Conv2D) (None, 30, 30, 32) 896
conv2d_17 (Conv2D) (None, 28, 28, 32) 9248
max_pooling2d_8 (MaxPooling2 (None, 14, 14, 32) 4]
dropout_12 (Dropout) (None, 14, 14, 32) ]
conv2d_18 (Conv2D) (None, 12, 12, 64) 184906
conv2d_19 (Conv2D) (None, 10, 10, 64) 36928
max_pooling2d_9 (MaxPooling2 (None, 5, 5, 64) ]
dropout_13 (Dropout) (None, 5, 5, 64) ]
flatten_4 (Flatten) (None, 1600) 0
dense_8 (Dense) (None, 512) 819712
dropout_14 (Dropout) (None, 512) 4]
dense_9 (Dense) (None, 1@) 5130

Total params: 890,410
Trainable params: 890,410
Non-trainable params: 0

HEE=2 79.89000082015991



1]d]

NOTE 238 75 ¢SXIE 1

]
Kol
Mr
2
0R

7t QUEX[S(XAl, eXplaining Artificial
| FHOLER|2E of O oMEES =X EF
A SIAFEEO| Cifet O aliAdet Bt
7F =, At EF Mol ARfsk= 7HY

sotl B2 FEE F7| 20 025k W

10

0] HollM FIAIGH= 7ol Alztstet ExI giol A
Intelligence)at 20| ZiCt Hafdoz A§sH Q1ax

ol= 32 IS FIEOTICE Hiheh x| A2

L O =

.I

ro
-

jle]
>
iy
ox
o 0
o o
—_— o
Sl

o

1%

J
AL

0F
|
ofr
0
1
b
Eﬂ
U
Mr
o
0
rQ
-
1IN
=l

—_

0| Org35| 87| m=olc A

rir

0f0
(=]
N
0

2 470l YHOR B 4 QI W2 AFO|X[2 | X



L= ol 1T E H
6.5.1 HE9o| A|Ztg} == e
e
m[(ZE0Y 6 6]°| 36~57%
= CIFAR-1022 o5t d=F 4 HETo HEa A%
Hal EX Mol Aj2tsk CIFAR-102 QlAlGi= ZIESM Azt

01
]—[EEJ 2 6-4(a)lol Sequentialf compile2 2H2g 7=5/0 fitZ g5t B2
32
33 0
34 cnn.summary(Q #cnn 292 EH °
35
36 for layer in cnn.layers: HEo| AHEE Mgt
37 if 'conv’ in layer.name:
38 kernel,biases=layer.get weights(Q
39 print(layer.name,kernel.shape) # 7|90 HIA 2US £
40
41 kernel,biases=cnn-layers[0]l.get_weights() # 2 09 HE 22 AHF
42 minv,maxv=kernel.min(Q,kernel.max(
43 kernel=(kernel-minv)/(maxv-minv) \
44 n_kernel=32 oH ?Il'O" %lf
45
46 import matplotlib.pyplot as plt
47
48  plt.figure(figsize=(20,3))
49  plt.suptitle("Kernels of convad_4")
50 for i in range(n_kernel): # 1 A
51 f=kernell:,:,:,1i]
52 for j in range(3): # jHA AHE
53 plt.subplot(3,n_kernel,j=n_kernel+i+1)
54 plt.imshow(f[:,:,j1,cmap="gray")
55 plt.xticks([1); plt.yticks([D
56 plt.title(str{i)+ _'+str(j))
57  plt.show()
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6.5.1 HE2| Al =22 Y

Model: "sequential”

Layer (type) Qutput Shape Param #
conv2d (Conv2D) (None, 30, 30, 32) 896
conv2d_1 (Conv2D) (None, 28, 28, 32) 9248
dropout_2 (Dropout) (None, 512) 0
dense_1 (Dense) (None, 10) 5130

Total params: 890,410
Trainable params: 890,410
Non-trainable params: 0

conv2d (3, 3, 3, 32)

conv2d_1 (3, 3, 32, 32)
conv2d_2 (3, 3, 32, 64)
conv2d_3 (3, 3, 64, 64)

Kemels of comuzd 4
00 10 20 30 40 50 60 70 80 90 W011012 0130140150 160170 18 0190 200 210 22 0 23 0 24 0 250 260 27
01 11 21 31 41 51 61 71 81 91 101111121131141151 161171181191 201 211221231241 251 26
D2 12 22 32 42 52 &2 72 92 10211 212 2132142152 16217 2 18 2 192 202 21 2 22 2 23 2 M4 2 252 26_

ol HE AlH=t



m (=207 6-6]2
= CIFAR-102 2 3t& 3t

ror 1o

for layer in cnn.layers:
if 'conv' in layer.name:
print(layer.name,layer.output.shape)

from tensorflow.keras.models import Model

partial_model=Model(inputs=cnn.inputs,outputs=cnn.layers[0l.output) # = 02F ©o{y
partial_model.summary()

feature_map=partial_model.predict(x_test) # 22 poE fAE TS 0=
fm=feature_map[1] # 19 Hato] EZI M A|ZH5)
plt.imshow(x_test[11) #1H a8 &

E|AE XISHO| 1H OlA
plt.figure(figsize=(20,3)) E-||-I 'c'>'|-_E ;; ITI]H|21AT7 I%l'o
plt.suptitle("Feature maps of conv2d_4") = o = H= 1
for i in range(32): #i EA ™

plt.subplot(2,16,i+1)

plt.imshow(fml:,:,il,cmap="gray")

plt.xticks([D); plt.yticks([])

plt.title("map +str(i))
plt.show()

N Mol

02t [HLHO{ partial_model
Aol ME (502 EF WS
ZXH7| 2[sH)




conv2d (None, 30, 30, 32)

conv2d_1 (None, 28, 28, 32)
conv2d_2 (None, 12, 12, 64)
conv2d_3 (None, 10, 10, 64)

Model: "model_12"

Layer (type) Qutput Shape Param £

conv2d_input (InputLayer)

[(Nor > 32, 3)1 0

conv2d (Conv2D) (None, 30, 30, 32) 896

Total params: 896
Trainable params: 896
Non-trainable params: 0

\

Fealure maps of corwzd 4

mapl6  mapl?7  maple  mapld  map20  map2l  map22 map map25  map26  map27

of A= d=F4835e 72 GEE &=

mapl2 mapld

map28 map29 map30  map
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6.6.1 D|O|E| SCH

m SO

=l Fa =2OI51Y| (2T 6-7]

— —

= ImageDataGenerator2 Z% HI0|E{A ScH

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21

from tensorflow-keras.datasets import cifarl®
from tensorflow.keras.preprocessing.image import ImageDataGenerator
import matplotlib.pyplot as plt

# CIFAR-109| £% Ol&

HOIE SO0 =
ImageDataGenerator =

classnames{'airplane’,'automobile’,bird’,'cat’,'deer’, dog’, flog',horse’,'ship’,'truck’]
= = Ol 2 X
# CIFAR-10 HIOIE{A18 9T N0l =it Tele wa o+E1HZE}H%;{L=T:+_'x_-'s+
; . . IT oo L Tlo
(x_trailn, y_train), (x_test, y_test)=cifarl0.load_data(
x_train=x_train.astype('float32"); xtrain!—ZS/
x_train=x_train[0:12,]1; y_train=y_train[0:12,] # A 127H0i cHolAM Tt SCH AHE

# 91270 Gds 14=
plt.figure(figsize=(16,2))
plt.suptitle("First 12 images in the train set")
for 1 in range(12):
plt.subplot(1,12,i+1)
plt.imshow(x_train[i])
plt.xticks([1); plt.yticks([D)
plt.title(class_names[int(y_train[iD1)

L ES



6.6.1 D|O|E| SCH

22
23
24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

# G S7| M

batch_siz=6 # o Hojl Mdst= ¥
generator=ImageDataGenerator(rotation_range=30.0,width_shift_
range=0.2,height_shift_range=0.2,horizontal_flip=True)
gen=generator.flow(x_train,y_train,batch_size=hatch_siz) '\

B A A
# 2 Ha Stistz 12|7|
img,label=gen.next()
plt.figure(figsizez('l‘ﬁN
plt.suptitle("Generatior trial 1%) Next &= 2=g [MORLCt
Batch_size Of7H =7} X7

for 1 in range(batch_siz):
plt.subplot(l,batch_siz,i+1)
plt.imshow(img[il)
plt.xticks([]); plt.yticks([])
plt.title(class_names[int(label[iD1)

# & S Shiste 127
img, label=gen.next()
plt.figure(figsize=(16,3))

plt.suptitle("Generatior trial 2%)
for 1 in range(batch_siz):

plt.subplot(l,batch_siz,i+1)
plt.imshow(img[il])

plt.xticks([D; plt.yticks([D)
plt.title(class_names[int(label[i1)1)

i
oz
O



6.6.1 D|O|E| SCH

First 12 images in the train set
truck deer automobile automobile hird horse

e

[ImageDataGenerator 42| API]

tensorflow.keras.preprocessing. image.ImageDataGenerator(featurewise

— 1 — 1 —_ =1 O ol
center'Fa1§e, samplew1se_cen?er False, fea?ure?lse_std_ CIOksS B S 2|t
normalization=False, samplewise std normalization=False, zca_

oto =2 o| OfJf B4
L - O TIr— T

whitening=False, zca_epsilon=1e-06, rotation_range=0, width _shift_
range=0.0, height _shift _range=0.0, brightness_range=None, shear_range=0.0,
zoom_range=0.0, channel shift range=0.0, fill mode="nearest', cval=0.0,
horizontal flip=False, vertical flip=False, rescale=None, preprocessing_
function=None, data format='channels last', validation split=0.0,
interpolation_order=1, dtype='float32")



6.6.1 D|O|E| SCH

m SOE ooz HET shs
- 22tolnt emELYl £ ZR A EHalde 22108 FE2 AIR)
- 221012 &S TWBIHA MA|IZIOR ME MY
- QIEIOIS SO MABL0] ClAT 0| MES CHS AR
m [Z27% 6-8] CIFAR-100] H|O|E &L &L

01

03
04
05
06
07
08
09
10
11
12
13
14

CNN2E CIFAR-10 2146 Hio|g{ BcH 2

import numpy as np
import tensorflow as tf
from tensorflow.keras.datasets import cifarl@

from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Conv2D,MaxPooling2D,Flatten,Dense,Dropout

from tensorflow.keras.optimizers import Adam
from tensorflow.keras.preprocessing.image import ImageDataGenerator

# CIFAR-10 dIolE{4lE i MAo| UL HEefz HE
(x_train, y_train), (x_test, y_test) = cifarl0.load_data(
x_train=x_train.astype(np.float32)/255.0
X_test=x_test.astype(np.float32)/255.0
y_train=tf.keras.utils.to_categorical(y_train,10)
y_test=tf.keras.utils.to_categorical(y_test,10)




6.6.1 D|O|E| SCH

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35

36
37
38
39

# AFY 2 A

cnn=Sequential()
cnn.add(Conv2D(32,(3,3),activation="relu’,input_shape=(32,32,3)))
cnn.add(Conv2D(32,(3,3),activation="relu’))
cnn.add(MaxPooling2D(pool_size=(2,2)))
cnn-add(Dropout(0.25))
cnn.add(Conv2D(64,(3,3),activation="relu"))
cnn.add(Conv2D(64,(3,3),activation="relu"))
cnn.add(MaxPooling2D(pool_size=(2,2)))
cnn.add(Dropout(0.25))

cnn.add(Flatten())
cnn.add(Dense(512,activation="relu"))
cnn.add(Dropout(2.5))

cnn.add(Dense(10,activation="softmax")) . .
' fit CHA! fit_generator AH&

L]

# 23y 24 a5(dd U7 2€8)

l

cnn-compile(loss="categorical_crossentropy’ Aptimizer=AdamQ,metrics=['accuracy'D
batch_siz=128
generator=ImageDataGeneratorwidth_spift_range=0.1,height_shift_
range=0.1,horizontal_flip=True)
hist=cnn.fit_generator(generator.flow(x_train,y_train,batch_size=batch_
siz),epochs=50,validation_data=(x_test,y_test),verbose=2)

#MF3Y A HSE HI|

res=cnn.evaluate(x_test,y_test,verbose=0)

print("¥&#&2",res[11+100)




6.6.1 D|O|E| SCH

40

41 import matplotlib.pyplot as plt

47

43 # HEE defm

44  plt.plot(hist.history[‘accuracy'l)

45 plt.plot(hist.historyl'val_accuracy'])
46 plt.title('Model accuracy")

47 plt.ylabel('Accuracy’)

48 plt.xlabel( Epoch")

49 plt.legend(['Train’, Validation'], loc="best")
50  plt.grid(

51 plt.show()

52

53 # &4 g4 Jejx

54  plt.plot(hist.history['loss'])

55 plt.plot(hist.history['val_loss'])

56 plt.title('Model loss')

57 plt.ylabel('Loss")

58 plt.xlabel('Epoch")

59 plt.legend(['Train’, Validation'l, loc="best")
60  plt.grid

61 plt.show(Q




6.6.1 D|O|E| SCH

Epoch 1/50

391/391 - 131s - loss: 1.7603 - accuracy: 0.3500 - val_loss: 1.3752 - val_accuracy: 0.4976

Epoch 2/50

391/391 - 133s - loss: 1.4144 - accuracy: 0-4882 - val_loss: 1.1636 - val_accuracy: 0.5858

Epoch 48/50

391/391 - 137s - loss: 0.6366 - accuracy: 0.7780 - val_loss: ©.5458 - val_accuracy: 0.8127

Epoch 49/50

391/391 - 138s - loss: 0.6276 - accuracy: @.7809 - val_loss: ©.5531 - val_accuracy: 0.8154

Epoch 50/50

391/391 - 137s - loss: 0.6330 - accuracy: 0.7791 - val_loss: 0.5641 - val_accuracy: 0.8081

=& 80.80999851226807 +—

Model accuracy

e AV Y Y
N

— Train

Validation

0 0 0 0 40
Epoch

50

80.81% HM=ES Q0| O SIE X BotX| %2

[ZZ % 6-4]2] 79.89%0] H|38H 0.92%

Model loss

= Train
“alidation

LS
ML= SEAL
[eNoRNeNe)
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= 2 HlE2 7tEXE Y2 HE5I0l 2522 =1 Stgote A 7|8
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EEOIRO & 4= SE5t= [E21H 6-9]
X 45 X80 MY Aol 4
A BSS 42
Wi} AECE CEOIRe ¥s Y &t =4
01 import numpy as np
02 import tensorflow as tf
03 from tensorflow.keras.datasets import cifarl®
04  from tensorflow.keras.models import Sequential
05 from tensorflow.keras.layers import Conv2D,MaxPooling2D,Flatten,Dense,Dropout
06  from tensorflow.keras.optimizers import Adam
07  from tensorflow.keras.preprocessing.image import ImageDataGenerator
08 from sklearn.model_selection import KFold
09
10 # CIFAR-10 GIOIE{AIE S AAT0| YT HEfZ S
11 (x_train, y_train), (x_test, y_test) = cifar10.load_data(
12  x_train=x_train.astype(np.float32)/255.0
13 x_test=x_test.astype(np.float32)/255.0
14 y_train=tf.keras.utils.to_categorical(y_train,10)
15 y_test=tf.keras.utils.to_categorical(y_test,10)
16
17 #slolH ‘DH?HEE¢ 23 5-74 mkt A
18 batch_siz=128
19 n_epoch=1
20 k=5 T # k-7 2a A=
21

HEldE sB(Z20E 6-4]0] [ZE23F 5-12]19f u




6.6.2 EE0}

22 # EEOIR Hlg0| m2t W2 HEE sty HEES e g5

23 def cross_validation(dropout_rate):

24 accuracy=[]

25 for train_index,val_index in KFold(k).split(x_train):

26 # 29 AEn 35 dger 28

27 xtrain,xval=x_train[train_index],x_trainlval_index]

28 ytrain,yval=y_trainltrain_index],y_trainlval_index]

29

30 #48Y 29 4

31 cnn=Sequential()

32 cnn.add(Conv2D(32,(3,3),activation="relu’,input_shape=(32,32,3)))

33 cnn.add(Conv2D(32,(3,3),activation="relu"))

34 cnn-add(MaxPooling2D(pool_size=(2,2))) C

35 cnn.add(Dropout(dropout_ratel01)) k” EE” O”kl T

36 cnn.add(Conv2D(64,(3,3),activation="relu’))

37 cnn.add(Conv2D(64,(3,3),activation="relu’

38 cnn.add(MaxPooling2D(pool_size=(2,2)

39 cnn-add(Dropout(dropout_ratel11))

40 cnn.add(Flatten())

41 cnn.add(Dense(512,activation="relu’

42 cnn.add(Dropout(dropout_rate[21))

43 cnn.add(Dense(10,activation="softmax"))

44

45 # MAY DAZ spES T HILSH]

46 cnn.compile(loss="categorical_crossentropy',optimizer=Adam(),metrics=['a
ccuracy'l)

47 cnn.fit(xtrain,ytrain,batch_size=batch_siz,epochs=n_epoch,verbose=0)

48 accuracy.append(cnn.evaluate(xval,yval,verbose=0)[11)

49 return accuracy




EEOIX HES

071

50

51 # CEOIR HIES T2lSin) NFUE B L= otof 85

52 acc_without_dropout=cross_validation([0.0,0.0,0.01)

53 acc_with_dropout=cross_validation([0.25,0.25,0.51)

54

55 print("Egore #& oF 2 mjf:",np.array(acc_without_dropout).mean())

56  print("=Eore HE% mj:",np.array(acc_with_dropout).mean())

57

58 import matplotlib.pyplot as plt

59

60 #HUA EBEZ0E HEE HA

61 plt.grid0Q

62 plt.boxplot(lacc_without_dropout,acc_with_dropoutl,labels=["Without Dropout”,"
With Dropout”])

cEoi2 M8 of & m: 0.73016 1.984% &5 & (5-4 Wkt

EEOZ HE

g mj: 0.75003994 AE3I0] =2 AlZ|N)

0.76

0.75 4

0.74 4

0.73

0.72 1

Without Dropout With Dropout
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6.6.3 7I=X| 42

m VS 4 E ot HAERE T2 23
« M| 7FX| Of7H 2

- Kernel_regularizer(+&X|0f| H&)
- Bias_regularizer(HtO|O{ 0| X&)

- Activity_regularizer(g&-’d g 2110 H-8)

- X8 of

from tensorflow.keras import regularizers
model.add(Dense(64,input_dim=64,kernel regularizer=regqularizers.12(0.01),
activity regularizer=regularizers.11(0.01)))

7t X|0f L2, 2d ot 240 L1 HEStet= XA
AZ 0.01 AFR)



= ds 8718l 8849

il

il

70

H0

Jlo
70
ol
T

A

=

[=1;
=]

Gl

otsho] of 2 H

= X'” 7" —7F—A|-ablation study

IH
uin

. 0|

w_mlo

KIr

. 0|3

O] 7|0 =& Tt

2+
i



6.6.4 3 d7I WH

m (20T 6-10]12 M ZHA] 40| CHSH M[A A}

= WA A= MA =AF 200 oiet MEld =

01
02
03
04
05
06
a7
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

import numpy as np

import tensorflow as tf

from tensorflow.keras.datasets import cifarle

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Conv2D,MaxPooling2D,Flatten,Dense,Dropout
from tensorflow.keras.optimizers import Adam

from tensorflow.keras.preprocessing.image import ImageDataGenerator

from sklearn.model_selection import KFold

from tensorflow.keras import regularizers

# CIFAR-10 HIOIE4I2 91 MAYo| U Hefz HE
(x_train,y_train),(x_test,y_test)=cifar1@.load_data()
x_train=x_train.astype(np.float32)/255.0
X_test=x_test.astype(np.float32)/255.0
y_train=tf.keras.utils.to_categorical(y_train,10)
y_test=tf.keras.utils.to_categorical(y_test,10)

# ot0|H Of7HHS 24
batch_siz=128
n_epoch=10

k=5# k-folds
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25
20

44
45
46

47
48

49

50
51

52
53

23 # ot0|M O7HSH--0f M2t w2 d=8 oty Y=HEs ot 25
e

accuracy=[1]

for train_index,val_index in KFold(k).split(x_train):
xtrain,xval=x_train[train_index1,x_trainlval_index]
ytrain,yval=y_trainltrain_indexl,y_trainlval_index]

# MEY 2E Hy

cnn=Sequential()
cnn.add(Conv2D(32,(3,3),activation="relu’,input_shape=(32,32,3)))
cnn-add(Conv2D(32,(3,3),activation="relu"))
cnn.add(MaxPooling2D(pool_size=(2,2)))
cnn.add(Dropout(dropout_rate[01))
cnn.add(Conv2D(64,(3,3),activation="relu"))
cnn.add(Conv2D(64,(3,3),activation="relu"))
cnn.add(MaxPooling2D(pool_size=(2,2)))
cnn.add(Dropout(dropout_rate[11))
cnn.add(Flatten())
cnn.add(Dense(512,activation="relu"))

cnn.add(Dropout(dropout_ratel21))
cnn-add(Dense(10,activation="softmax ,kernel_

regularizer=regularizers.12(12_reg)))

staotl d=tE "ot

=

# AlZior

S o

mjo
-L.—h

cnn.compile(loss="categorical_crossentropy’,optimizer=Adam(),metrics=[
‘accuracy'])
if data_gen:
generator=ImageDataGenerator(rotation_range=3.0,width_shift_
range=0.1,height_shift_range=0.1,horizontal_flip=True)
cnn.fit_generator(generator.flow(x_train,y_train,batch_size=batch_
siz),epochs=n_epoch,validation_data=(x_test,y_test),verbose=2)
else:
cnn.fit(xtrain,ytrain,batch_size=bhatch_siz,epochs=n_
epoch, validation_data=(x_test,y_test),verbose=2)
accuracy.append(cnn.evaluate(xval,yval,verbose=0)[11)
return accuracy




# oto|H OfHHS§ 22l ot JEY 2EE EUt
acc_000=cross_validation(False,[0.0,0.0,0.01,0.0)
acc_001=cross_validation(False,[0.0,0.0,0.01,0.01)
acc_010=cross_validation(False,[0.25,0.25,0.51,0.0)
acc_011=cross_validation(False,[0.25,0.25,0.51,0.01)
acc_100=cross_validation(True,[0.0,0.0,0.01,0.0)
acc_101=cross_validation(True,[0.0,0.0,0.0]1,0.01)
acc_110=cross_validation(True,[0.25,0.25,0.5],0.0)
acc_111=cross_validation(True,[0.25,0.25,0.51,0.01)

print("&2 #4: [Data augmentation-Dropout-12 regularizer] (XAHS A/HA)")

print("[0001 (",acc_000,"
print("[e011 (",acc_001,"
print("[0101 (",acc_010,"
print("[0111 (",acc_011,"
print("[1001 (",acc_100,"
print("[1011 (",acc_101,"
print("[11e1 (",acc_110,"
print("[1111 (",acc_111,"

/" np.array(acc_000).mean(),")")
/",np.array(acc_001).mean(),")")
/",np.array(acc_010).mean(),")")
/",np.array(acc_011).mean(),")")
/",np-array(acc_100).mean(),")")
/",np.array(acc_101).mean(),")")
/",np.array(acc_110).mean(),")")
/",np.array(acc_111).mean(),")")

import matplotlib.pyplot as plt

#8A B2o2 HHF HA|

plt.grid()

plt.boxplot([acc_000,acc_001,acc_010,acc_011,acc_100,acc_101,acc_110,acc_1111],

labels=["000","001","010","011","100","101","110","111"1)
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Train on 40000 samples, validate on 10000 samples

Epoch 1/10

40000/40000 - 35s - loss: 1.5782 - accuracy: 0.4252 - val_loss: 1.4161 - val_accuracy: 0.4958
Epoch 2/10

40000/40000 - 34s - loss: 1.1971 - accuracy: 0.5735 - val_loss: 1.1219 - val_accuracy: 0.6033
Epoch 3/10

40000/40000 - 355 - loss: 0.9914 - accuracy: 9.6525 - val_loss: 0.9464 - val_accuracy: 0.6696

&% ¥A: [Data augmentation-Dropout-12 regularizer] (ZAAHSZ AZ/ZH)
[000] ( [0.7316, 0.7174, 0.7378, 0.7243, 0.731 / 0.72822 )

[001] ( [0.7338, 0.7167, 0.7375, 0.7274, 0.7202]1 / 0.72712004 )

[010] ( [0.7499, 0.7412, 0.7659, 0.7224, 0.7444]1 / 0.74476 )

[011] ( [@.7325, 0.7257, 0.7608, 0.7154, ©.7378]1 / 0.73443997 )

[1e0] ( [0.7972, 0.7838, 0.8257, 0.7539, 0.80641 / 0.79340005 )

[101] ( [@.7614, 0.7714, 0.7772, 0.7517, 8.764] / ©.76513994 )

[118] ( [0.7572, ©.7594, 0.7427, 0.7281, ©.7285] / 0.743[18 )

(1111 ( [0.716, ©0.7062, 0.732, 0.7365, 0.7236] / 0.72284 )

0.82 1
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IFiIkl%Eﬂ_ X-”_Io__'ol-E O:”tll g'l-ﬁ EI:élpre—trained model
0| E2 ImageNet2 2 0|0] &&E0f = HEREM MAY

# 6-1 HAMSZE7} XIZ5k= ot ShaE 2182 M MAY RS hitps!//kerasio/applications)

EEE WUl 129 HEE  SAYNEE WK 50 7KNZO)
Xception 88MB 0.790 0.945 22910480 126
VGG16 528MB 0.713 0.901 138,357,544 23
VGG19 540MB 0.713 0.900 143,667,240 26
ResNetb0 98MB 0.749 0.921 25636,712 -
ResNet101 171MB 0.764 0928 44707 176 -
ResNet152 232MB 0.766 0.931 60,419,944 -
ResNet50Vv2 o98MB 0.760 0.930 25613800 -
ResNet101V2 171MB 0772 0.938 44,675,560 -
ResNet152V2 232MB 0.780 0942 60,380,648 -
InceptionV3 92MB 0.779 0.937 23,851,784 169
InceptionResNetV2 215MB 0.803 0953 55873736 572
MobileNet 16MB 0.704 0.895 4253864 88
MobileNetV2 14MB 0.713 0.901 3,538,984 88
DenseNet121 33MB 0.750 0.923 8,062,504 121

DenseNet169 57MB 0.762 0932 14,307,880 169
DenseNet201 80MB 0.773 0.936 20,242,984 201

NASNetMobile 23MB 0.744 0.919 5326,716 -
NASNetLarge 343MB 0.825 0.960 88949818 -




m ROl A= 0OH ot 22
VGG, Inception, ResNet
* VGG: 3*32| &2 OrA3 ALE

= Inception(GoogLeNet): |3 %
3 £ HERKZ(NIN) 7+

= ResNet: &H& st&

224 %224 %3 224 x 224 x 64

112 x[112 % 128
VY

y/
,;’//56x-56>< 256
g 7/ 28 % 28 x 512 TRTx512

‘-ﬁ lax14xBi2 | C1x1x4096  1x1x 1000

@ convolution+Re LT
1 max pooling
(.

4 fully connected4ReL17

) softmax

EES SR BEER7|2
UH By & HERH

H H l1*1I5,,5 I 33 mex 22 — [ozy Jesszg []softmax

| K
IM f55aes [ REEEEEE

(b) Inception

8 17 7 1l lol fal faf la] [a] 3| |a 3l (3l 3| [al[13] [2][13] 2] 2 2] @ @ |2 e|le o s
& I 1 E I T I R (N RIS HEAE S AR (S O
B IE el sl sl 1al 5] [l 3| |3 3 (3l 3| (3 [lo| [al|[3] [2] 2] a] 2 = f
z 7 .i’.i’h.i’ ,i’h,i’,i’ fo/ L Vil Ul i VA W Wl e Wl el t
A RN AN A AR AR 1 [4 2| |2| I2| [2] |2| [2] || |2] |2| |2] ' m
® 2| |2 5| |s| |s| [s| |s| [s| |s| [s] |5| 8] 1 a
a4 LA 8| |8 & [s| 6| 6| || [g] [6] 6] |6 |6| |2 X
(c) ResNet

12! 6-16 VGG, GoogleNet, ResNet2] 1%



6.7.2 Mo| & T2 OafU: Mo E5 27

B ImageNet2 2 st50t ResNet ZEH 2 A EF 214 ZHZ HO|

= M 25 Q1A HIO|E{ M2 Z cub200-20112 AF2(20052| M

A4k 11788%h
- O/M &2

_'_Trflne -grained classification ™= X-”

* _I_'IT LH I:ﬁgl-wrrhm class varla’rmn7|- Ol‘—|— = ik _I?I_ 7t OA|-E =

between-class similarity7|- -

| Laysan Albatross

o= o
) ¢ :
! #
: £
"
F "] v v &
£

Rusty Blackblrd Fish Crow Brewer Blackbird Shmy Cowblrd

72! 6-17 cub200-2011 HIO|E{AI2| OilA| FAk

Cub200-2011 dlo|E{oll thEt M5 A2 https://paperswithcode.com/sota/fine—grained-image—
classification—on—cub—2000{|A ER1& 4= QICE $XH 00%E 27t = HEISS Sl 0]2 458 MghliE= A
2 0| HMo| Ho=S H=Ct 47| M= AFe2HX| sk&5at T0| sk5el HsS dlwstn H0| 5| /842 SERisk= U7X
2h SkSEICY,



6.7.2 Mo| st& Z2 - Mol E= B2

W [EZ20H 6-11]

. ImageNet2= si5E ResNet502 cub HIO|EAISR 0| Sk

01 import numpy as np

02 import tensorflow as tf

03 from tensorflow.keras.models import Sequential

04 from tensorflow.keras.layers import Flatten,Dense

05 from tensorflow-keras.optimizers import Adam

06  from tensorflow.keras.applications.resnet5@ import ResNet5@,preprocess_input
07 from tensorflow.keras.preprocessing import image

08 import os
09

10 train_folder="CUB200/train’

11 test_folder="CUB200/test’ 22 22X 20| LE HO|EHBH AFR
12 /
# Hz= A o

13  class_reduce=0.1 # 2= &+~ S0M HOIHY Y (&2t H22 =82 Sdl)
14  no_class=int(len(os.listdir(train_folder))+«class_reduce) # 52
15

/ off s =G0l HIOIEE Of2| MEoi+0{0F &




ol — —
6.7.2 Mo| et& m2 a2 U: Mo EZ 28
VA= EEELE

16 x_train,y_train=[1,[]

17 for i,class_name in enumerate(os.listdir(train_folder)):

18 if i<no_class: # 13~1430| 2|3 E20F AL

19 for fname in os.listdir(train_folder+/+class_name):

20 img=image.load_img(train_folder+'/'+class_name+'/ +fname,target_
size=(224,224))

21 if len(img.getbands())!=3:

22 print("Fol: RE512 %2 F4 L, class_name,fname)

23 continue

24 x=image.img_to_array(img)

25 X=preprocess_input(x)

26 x_train.append(x)

;; y_train.append(i) E-||ﬁE ﬂ_‘ﬂ' g‘lo‘i 2

29 x_test,y_test=[1,[] /

30 for i,class_name in enumerate(os.listdir(test_folder)):

31 if i<no_class: # 13~1430| 2|3t 230F AL

32 for fname in os.listdir(test_folder+'/'+class_name):

33 img=image.load_img(test_folder+/+class_name+/+fname,target_
size=(224,224))

34 if len(img.getbands())!=3:

35 print("£2l: =6t 22 Ea L4487, class_name, fname)

36 continue

37 x=image.img_to_array(img)

38 X=preprocess_input(x)

39 x_test.append(x)

40 y_test.append(i)




41
42

oA I al. IR H =
6.7.2 Mo| et =229l Ao EF &=
49: ResNetO| M EF =& £2 473
. . include _top= Falsee= 22O S & &,
x_train=np.asarray(x_train) = [:I_EI 6- 16(c)]01|)\‘| FC10002}

43
44
45
46
47
48
49
50
51
52
53
54
55
56

57

58

59
60

y_train=np.asarray(y_train) softmax =& [ Lj2t= =
x_test=np.asarray(x_test)
y_test=np.asarray(y_test)
y_train=tf.keras.utils.to_categorical(y_train,no_class)
y_test=tf.keras.utils.to_categorical(y_test,no_class)

base_mode1-ResNet50(weights="imagenet’,include_top=False,input_shape=(224,224,3))
cnn=Sequential() ol
cnn.add(base_model) xT
cnn.add(Flatten()) le" Z(_;g |:||.A|9| 'SFﬁ(l—F
cnn.add(Dense(1024,activation="relu’))
cnn.add(Dense(no_class,activation="softmax"))

ERVEREES

M

cnn-compile(loss="categorical_crossentropy’,optimizer=Adam(0.00002),metrics=
[‘accuracy']
hist=cnn.fit(x_train,y_train,batch_size=16,epochs=10,validation_data=(x_test,
y_test),verbose=1)

res=cnn.evaluate(x_test,y_test,verbose=0)
print("H=E&2",res[11+100)

([ 6-13] 01|A-| Ex| XX Donp L=

|
M

nx
o



StA I al. X 52
6.7.2 MO| st =2 U: M| EF =7/
Train on 600 samples, validate on 515 samples
Epoch 1/1@
600/600 [ 1 - 416s 693ms/sample - loss: 4.4823 - accuracy:

0.4000 - val_loss: 1.1837 - val_accuracy: 0.6757

Epoch 10/10
600/600 [ 1 - 361s 601Ims/sample - loss: 2.1636e-04 -
accuracy: 1.0000 - val_loss: 0.8966 - val_accuracy: 0.7553

d=EE 75.53398013114929

Ojo

75.53% J=ES A
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6.8 =X A=

= = 742 = ) =
T TT classifications &= 2= detectionr ™= & segmentation = Al

CAT, DOG, DUCK CAT, DOG, DUCK
(@) 2% b) HE (c) &g

1% 6-18 HFE HIT2| M| 71X| 2A|

- =N d=S ¢l Hefd 2
- R-CNN
» Fast R-CNN
 Faster R-CNN
- YOLO(you Only Look Once): O] &0| At&st= 2 E



6.8.1 E2E o|&¢ct X4 4

-
— 0=
[12 6-19(a)]= E2°| 52+ 2| E MY
« 2 S S*S AX=E L sHel AR & 2bZof Chsl| B7HS| B2 T B AE M d(HH=2
= 8fA = (xy,who)9l 5 222 BH. o= MY 7tsX)
= C=8072| =M £
= 24 FeloM= 5:7, B=2 > 497l AXNtE 442 5/ SEE B#o= 80-AH HE 2}
H2 S A FIHE 535H= 10-AH) HHE 7t

3

90
7
................... —’ 7
448 .
Convolution &
Class probability map

Pooling {21 tH
(a) M2 =Xt (b) ZiE22M A@Ye| 21X

Sx Sgridn input

12! 6-19 22| }2|(=x: [Redmon2016))



6.8.1 E2E o|&¢t EN A=

m [O8 6-20]12 7HM =l YOLOV3

= 14*14, 28*28, 56*56dml| 37} AH LS At
{tE 1t yolo_1060|2t= OFX|EF JBOA == 7}

or

= 22t yolo_82, yolo_942t= S7t&51

85
56

448 14 -2 28
....... —

.......

448

yolo_82 & yolo_94 & yolo_106 &

=E]
=

72! 6-20 YOLOv3Q| Alzgt X

oo
O



6.8.2 22 T2

m (=0T 6-12]

ET Opencvis S 7140] ZMIE 2017| O[HSE Ho| S2E ZEH bIH 2lo|=2{2]2 200040

HZEct 24! ZH[0]X|= https://opencv.orgo|ct.

YOLZ3E o183 24| 24

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19

import numpy/as np
import cv2 22+ MS COCO H|Oo|E{ Ao CHsl =& = =0,
807Ho| B & 0|22 9o 2

classes =[]
f=open('coco.names.txt’, 'r")
classes=[line.strip() for line in f.readlines()]
colors=np.random.uniform(,255,size=(len(classes),3))

09~ HAESY S AL, TR =
img=cv2.imread('yolo test.ipg")
height,width,channels=img.shape YOLOv3 HE2S =8is
blob=cv2.dnn.blobFromImage(img,1.0/2%,(448,448),(0,0,0),swapRB=True,crop=False)

yolo_82, yolo_94, y

yolo_model=cv2.dnn.readNet(’./yolov3-weights’, -/yolov3.cfg) SO (& 6-20
layer_names=yolo_model.getlLayerNames()
out_layers=[layer_names[i[01-1] for i in yolo_model.getUnconnectedOutLayers()]

yolo_model.setInput(blob) «—— HAE FAIS AlZdato) Q=
output3=yolo_model.forward(out_layers)

"\ £32 output3 ZX| 0] XA

QIFoIN 22

AAR DIHGHCE F2 12 MBS 2J5) C C++2 FYE|N 2Tt Opencvoll Python APIS £0{ T 2o|=22{2|2

olo 10652
Ex)
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20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45

o

class_ids,confidences,boxes=[1,[1,[]

for output in output3: - 2|__(|):3ﬁ|c-.’:t|o I—ij' _E_kil_ir
for vec85 in output: = To T1—=
scores=vec85[5:1
class_id=np.argmax(scores)
confidence=scores[class_idl
if confidence>0.5: # MZ|Z7F 50% 0|4 Aot 2|5
centerx,centery=int(vec85[01+width),int(vec85[11+height)

#[0,1] H3g G IF7|= He
w,h=int(vec85[21width),int(vec85[31*height)
X,y=int(centerx-w/2),int(centery-h/2) H|Z=|C 9XE &
boxes.append([x,y,w,;h1) H|'5|-| _7,<_| |:|-|O|_| Z-\IEP
confidences.append(float(confidence))
class_ids.append(class_id) /

1ndexes=cv2.dnn.NMSBoxes (boxes,confidences,0.5,0.4) 36~41§'§: Hl_jlil EH 0_1
o =
for 1 in range(len(boxes)): / H|'1—'<:;! Ii'l-ﬁE %:“(\3"

if i in indexes:
X,Y,W,h=boxes[i]
text=str(classes[class_ids[i1])+'%.37 %confidences[i]
cv2.rectangle(img, (x,y), (x+w,y+h),colors[class_ids[ill,2)
cv2.putText(img,text,(x,y+30),cv2.FONT_HERSHEY_PLAIN,2,colorslclass_
ids[i11,2)

cv2-imshow("Object detection”, img)
cv2.waltKey(0)
cv2.destroyAllWindows()
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