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CNN : Convolutional Neural Network
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from keras.datasets import fashion_mnist
(x_train, y_train), (x_test, y_test) = fashion_mnist.load_data()

print(x_train.shape) (60000, 28, 28)
print(y_train.shape) (60000,)
print(x_test.shape) (10000, 28, 28)
print(y_test.shape) (10000,

X_train = x_train.reshape(x_train.shape[0O], 2 2 ,1)/255
X_test = x_test.reshape(x_test.shape[0],28,28,1)/25

from keras.utils import to_categorical
y_train = to_categorical(y_train, 10)
y_test = to_categorical(y_test, 10)

orint(x_train.shape) (60000, 28, 23,1)
print(y_train.shape) (60000,)
print(x_test.shape) (10000, 28, 28,1)
print(y_test.shape) (10000,

CNNDIZE (11//\75(4/73&,\
(HiE, 18, BDE)
0)34\75?7\73‘9‘%

1824551, h5—1K53

MLP®DFF(F.
(60000, 784)
(60000,)
(10000, 784)
(10000,)
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from keras.models import Sequential —
from keras.layers import Dense, Dropout, Conv2D, Flatten e

flatten 2 (Flatten) None, 25088) 0

(
mOdel = Sequential() dropout 2 (Dropout) ENone, 75088) 0
model.add(Conv2D(filters=32,kernel_size=3,strides=1, L —
padding="'same’,input_shape=(28,28, 1),activation="relu’)) kit

model.add(Flatten())
model.add(Dropout(0.5))
model.add(Dense(10,activation='softmax'))

model.compile(loss="categorical_crossentropy’,optimizer='Adam',metrics=['accuracy'])
model.summary()

P BOEST

result = model.fit(x_train, y_train, epochs = 50, batch_size = 64, validation_split=0.2)

Epoch 47/50

750/750 [==============================] - 35 4ms/step - loss: 0.1280 - accuracy: 0.9518 - val loss: 0.3274 - val _accuracy: 0.907]
Epoch 48/50
750/750 [==============================] - 3g 4ms/step - loss: 0.1218 - accuracy: 0.9540 - val loss: 0.3313 - val _accuracy: 0.9069
Epoch 43/50
750/750 [==============================] - 35 4ms/step - loss: 0.1228 - accuracy: 0.9542 - val loss: 0.3338 - val _accuracy: 0.9082

Epoch 50/50
750/750 [==============================] - 3g 4ms/step - loss: 0.1214 - accuracy: 0.9555 - val loss: 0.3431 - val _accuracy: 0.3066
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model.add(Conv2D(filters=32,kernel_size=3,strides=1,
padding="'same',input_shape=(28,28,1),activation="relu’))

filters = BT DFFEY v T DE
input_shape = MLP & [@IHRICADBDF
kernel_size = 1—XRILDOKES
strides = h—XR I Z9 5913
padding = T—Y DimZx & DIkDH
activation = J& 4L R



model.add(Conv2D(filters=32,kernel_size=3,strides=1,
padding="'same',input_shape=(28,28,1),activation="relu’))

filters = BHITBEFHY Y TDE
input_shape = MLP & BRRICADB D
kernel size = A—XRIJLDOKES

o

>

w\\w\\w\\w\\\\\\\\\\\\

3 %3

QL
N

(28, 28, 1)
hS—125(28, 28, 3)



model.add(Conv2D(filters=32,kernel_size=3,strides=1,
padding="'same',input_shape=(28,28,1),activation="relu’))

strides = N—XILZ9 5918
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model.add(Conv2D(filters=32,kernel_size=3,strides=1,
padding="'same',input_shape=(28,28,1),activation="relu’))

strides = 1
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model.add(Conv2D(filters=32,kernel_size=3,strides=1,
padding="same’,input_shape=(28,28,1),activation="relu’))

padding = T —% DigZz & DKk SH
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model.add(Conv2D(filters=32,kernel_size=3,strides=1,
padding="same’,input_shape=(28,28,1),activation="relu’))

padding = T —% DigZz & DKk SH
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model.add(Conv2D(filters=32,kernel_size=3,strides=1,
padding="same’,input_shape=(28,28,1),activation="relu’))

padding = T —% DigZz & DKk SH
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model.add(Conv2D(filters=32,kernel_size=3,strides=1,
padding="'same',input_shape=(28,28,1),activation="relu’))
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model.add(Conv2D(filters=32,kernel_size=3,strides=1,
padding="'same',input_shape=(28,28,1),activation="relu’))
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CNN
BHAHRBET—UVIBIRDBEINDZ1—5)LRY ND—2

==) \
E‘.aiﬂlai P e A L_ljj
4 /0 —
—
|| Layer (type) Output Shape Param #
LN o _____
. T Lt e s
| convZd ?2 (ConvZD) (None, 28, 78, 32) 320
\\\~
~~~\ flatten 72 (Flatten) (None, 2b088) 0
Fl‘la‘gg](() dropout 2 (Dropout) (None, 25088) 0
p— /7 (&
28 347%-5 dense 8 (Dense) (None, 10]) 750890
| Total params: Zb1,210
—1 | Trainable params: 251,210
'I*K -1 28 Non-trainable params: 0

32 (kernel)

(3x3 + 1) x 32 = 320 (28x28x32 + 1) x 10 = 250890
R2RITDEHIDEXIXANT B

—RITICET ., FDXE



iImport matplotlib.pyplot as pilt

plt.figure(figsize=(12,4))

plt.subplot(1,2,1)

plt.plot(result.history['accuracy'], label='accuracy')
plt.plot(result.history['val accuracy'], label="val accuracy')

plt.legend()

plt.subplot(1,2,2)

plt.plot(result.history['loss'], label='loss)')
plt.plot(result.history['val loss'], label='val loss)')
plt.legend()

plt.show()
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score = model.evaluate(x_test, y_test)

print(‘test loss:',score[0])
print(‘test accuracy:’,score[1])

test loss: 0.34445714950561523

test accuracy: 0.9031999707221985

— accuracy
- val_accuracy

BEICMLPE D BHRBENRWVC EHWDH D

MLP (BIBIDRS A R)

0 10 20 40 50
— 0SS
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DropoutZz Nz 3 & BFEFEIPFHITE S
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0.80 1
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Test loss: 0.5994181036949158
Test accuracy 0.8773999810218811

RERIE

0.90

0.88

0.82 4

Test loss: 0.3330557644367218
Test accuracy: 0.8855000138282776
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from keras.models import Sequential
from keras.layers import Dense, Dropout, Conv2D, Flatten

model = Sequential()

model.add(Conv2D(filters=32.,kernel_size=3, strides=1,
padding='same’,input_shape=(28,28, 1),activation="relu’))

model.add(Conv2D(filters=64,kernel size=3, strides=1,
padding="'same’, activation="relu’))

model.add(Flatten())
model.add(Dropout(0.5)) R —
model.add(Dense(10,activation="'softmax’)) R
model.compile(loss='categorical_crossentropy’, o e e

optimizer='Adam', metrics=['accuracy']) | —
model.summary()
result = model.fit(x_train,y_train,epochs=50,batch_size=64,validation_split=0.2)
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test loss: 0.34445714950561523 test loss: 0.4966644048690796

test accuracy: 0.9031999707221985 test accuracy: 0.9117000102996826

0.5
0.45 1 o
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0.40 - Rt ,
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015
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from keras.models import Sequential
from keras.layers import Dense, Dropout, Conv2D, Flatten, MaxPooling2D

model = Sequential()

model.add(Conv2D(filters=32.,kernel_size=3, strides=1,
padding='same’,input_shape=(28,28, 1),activation="relu’))

model.add(Conv2D(filters=64,kernel size=3, strides=1,
padding='same’, activation="relu’))

model.add(MaxPooling2D(pool_size=2)) —

model.add(Flatten()) e
model.add(Dropout(0.5)) |
model.add(Dense(10,activation="'softmax’))

model.compile(loss="categorical_crossentropy’, Taial Raram: 144,28
o o o ralnabple params: .
Optlmlzer='Adam',metrICS=['aCCUraCy']) Non-trainable params: 0
model.summary() B

result = model.fit(x_train,y_train,epochs=50,batch_size=64,validation_split=0.2)
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F— VB

La;er (?ype)— B B  Output Shape B  Param § Layer (type) Output Shape Param 4
conv2d 3 (Conv2D) (None. 78 28. 37) 29 convZd 7 (ConvZD) (None, 28, 28, 32) 320

- — — — — - - —— - - - — — convZd 8 (ConvZD) (None, 28, 28, 64) 18496
convZd 4 (ConvZD) (None, 28, 78, 64) 18496

— — — — — — — — — — — — —— max_poolingZd (MaxPoolingZD) (None, 14, 14, 64) 0
flatten 3 (Flatten) (None, b0176) 0 B B B | —

_ _ e flatten 4 (Flatten) (None, 12544) 0
dropout 3 (Dropout) (None, b0176) 0

~ ~ ~ B B B B o B B ~ ~ o dropout 4 (Dropout) (None, 12b44) 0
dense 9 (Dense) (None, 10) 501770
Trainable params: 520,586 Oté paratls. ’

. Trainable params: 144,766
Non-trainable params: O Nor—trai ,
on-trainable params: 0
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Laver (type) T Output Shame  Param & Layer (type) Output Shape ~ Param §
c;r—1v2d—é(0;r—1;2D5“—“—“(N;r—n;éé_ZS__SZJ ________ 00 conv2d_7 (Conv2D) (None, 28, 28, 32) 320
——————————————————— ————— e conv2d 8 (Conv2D) (None, 28, 28, 64) 18496
convZd 4 (ConvZD) (None, 728, 728, 64) 18496 -
___________________ o 55;_pooling§a (MaxPoSTTngQD) (NSEe, 14, TZT 54 ) 0 o
flatten 3 (Flatten) (None, H0176) 0 o o S —
_________________________________________________________________ flatten 4 (Flatten) (None, 172H44) 0
dropout 3 (Dropout) (None, b0176) 0 L L L L o o o
___________________ e dropout 4 (Dropout) (None, 172H44) 0
dense 9 (Dense) (None, 10) 501770 . . . . . __ __
Trainable params: HZ20,b86 Ota.l ket ’
Non-trainable params: 0 Trainable params: 144,266

' Non-trainable params: 0

J—VJ@T(28,28)H(14,14)(CTx>TL\D
JINOX—=5—DH1/4(CTE>TLWS



test loss: 0.4966644048690796 Test loss: 0.2698012888431549
test accuracy: 0.9117000102996826 Test accuracy: 0.9247000217437744

0.5
0.45 - — loss
, — val_loss
, 0.40 A
0.4 A\
0.35 A
0.3 1 0.30 -
\ > — loss
' —— val_loss 254
029
0.20 A
1R
il
0.10 -
0 10 20 30 40 50 0 10 20 30 40 50
— accuracy
.. 0.96 1 —— val accuracy
0.96 - 0.94 -
0.94 - 0.92 -
0.92 - o A~ , ~ 0.90 1 /
0.90 - —
0.88 -
0.86 A
— accuracy
0.86 -
val_accuracy 0.84

0 10 20 30 40 50 0 10 20 30 40 50
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model = Sequential()

model.add(Conv2D(filters=32,kernel _size=3,strides=1,
padding="'same',input_shape=(28,28, 1),activation="relu’))
odel.add(Conv2D(filters=64,kernel_size=3,strides=1,padding='same’,activation="relu’))

m
model.add(MaxPooling2D(pool_size=2))
model.add(Dropout(0.5))

model.add(Conv2D(filters=64.,kernel_size=3,strides=1,

padding="'same’,activation="'relu’))
odel.add(Conv2D(filters=128,kernel_size=3,strides=1,padding='same’,activation="relu’))
odel.add(MaxPooling2D(pool_size=2))
odel.add(Dropout(0.5))

odel.add(Flatten())

odel.add(Dropout(0.5))

odel.add(Dense(10,activation="'softmax’))
odel.compile(loss='categorical_crossentropy',optimizer='Adam',metrics=['accuracy'])
odel.summary()

result = model.fit(x_train, y_train, epochs = 50, batch_size = 64, validation_split=0.2, shuffle=True)




Test loss: 0.2698012888431549 test loss: 0.20224225521087646

Test accuracy: 0.9247000217437744 test accuracy: 0.9290000200271606

0.45 — OSE — loss
— val_loss e — val_loss
0.40 - 0.50 A
0.35 A1 0.45 1
0.30 A 0.40 A
0.25 - 0.3519 |
0.20 A 0.30 -
o B R 0.25 -
0.10 - 0.20 -
2 o <0 % - o 0 10 20 3'0 40 50
— accuracy 0.94 -
0.96 1 —— val_accuracy
0.92 A
0.94 -
0.88 1 |
0.90 -
0.86
0.88 0.84 -
0.86 A 0.82 -
0.84 - 0.80 _, accuracy
. — val_accuracy
0 10 20 30 40 50

0 10 20 30 40 50



mode
mode
mode
mode

mode
mode
mode
mode

mode
mode

.add(Conv2D(filters=32,kernel_size=3,strides=1, padding='same’,input_shape=(28,28,1),activation="relu’))
.add(Conv2D(filters=64,kernel_size=3,strides=1,padding='same’,activation="relu’))
.add(MaxPooling2D(pool_size=2))

.add(Dropout(0.5))

.add(Conv2D(filters=64,kernel_size=3,strides=1, padding='same',activation="relu’))
.add(Conv2D(filters=128,kernel_size=3,strides=1,padding='same’,activation="relu'))
.add(MaxPooling2D(pool_size=2))

.add(Dropout(0.5))

.add(Flatten())
.add(Dropout(0.5))

model.add(Dense(10,activation="'softmax’))
AN = AIA P BHAH  T—UVT BHMAH E2HRAH £ ¥ o=
. "|| | | =N asPA
(28,28,1)  (28,28,32) ‘ (41460141464 40)
(28,28,64) H (6272)

(14,14,128) (7,7,128)
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B0 E COBE
SHAMBID SFHAME2D T—UVIBEINN  2@E0NERL

test loss: 0.34445714950561523 test loss: 0.4966644048690796 Test loss: 0.2698012888431549 test loss: 0.20224225521087646
test accuracy: 0.9031999707221 test accuracy: 0.911700010299 Test accuracy: 0.924700021743 test accuracy: 0.92900002002716
0.5
0.45 - — loss 0.45 — loss — — loss
— val_loss A —— val_loss ' — val_loss
0.40 - 0.4 - 0.40 1 0.50 -
035 | 5 0.35 1 0.45 -
0.30 - Ed 037 s 0.30 0.40 1
—— val_loss 0.25 0.35 1
0.25 1 0.2 1
0.20 - 0.30 -
0.20 1
0.1 - 0.15 1 0.25 1
0.15 0.10 - 0.20 1 R
0 10 20 30 40 30 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
0.96 T—— curacy —— accuracy 0.94 -
= 0.98 - 096 1 —— val_accurac
0.94 - val_accuracy - y 0.92
0.96 - 0.94 -
0.92 1 0.90 -
0.94 4 0.92 1 0.88 -
0.90 1 / .
0.92 - 0901 /[ 0.86 1
0.88 - 0.90 1 0.88 4 / 0.84 4
0.86 0.88 - _— 0.8 -
0.8 0.86 e | —— accuracy
.84 - val_accuracy 0.84 - e val_accuracy
’ 0 0 30 40 ? : = = = = = 0 10 20 30 40 20 0 10 20 30 40 50



7 — ¥k : Data augmentation
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fashion mnist® 3t dr A+

from keras.datasets import fashion_mnist

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

CNNODFER UK S (CriLE

X_train = x_train.reshape(x_train.shape[0],28,28,1)/255
X_test = x_test.reshape(x_test.shape[0],28,28,1)/255
from keras.utils import to_categorical

y_train = to_categorical(y_train, 10)
y_test = to_categorical(y_test,10)

X_train = x_train.reshape(x_train.shape[0],28,28,1)/255
1

X_train = X_train.reshape(x_train.shape[0],28,23,1)
X_train = x_train/255
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Import matplotlib.pyplot as plt
for 1 in range(0,5):
plt.subplot(1,5,i+1)
plt.imshow(x_test[i],'gray’)
plt.show()




T — LR DEEE ImageDataGenerator

from keras.preprocessing.image import ImageDataGenerator

datagen = ImageDataGenerator(
rotation_range = 90
)

g = datagen.flow(x_train, y_train, batch_size=16, shuffle=False)

(Z#1) = ImageDataGenerator(¥ik55E)
rotation_range=90 <« S VA AICOOELIADREEZT B

(ZH2) = (Z#).flow(ZER7T—7%, ZERASNIL, batch_size, shuffle)

169 DILRT — Y ZEKT D(> v v 7L UIELY)
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.00000000e+00
.00000000e+00
.00000000e+00

array([[[[0

.s. .s. .s. - .@. .®. 'CD' -

'Cb' .s. .e. -

.09912235e-02]
.00000000e+00
.00000000e+00

.00000000e+00 ]
.00000000e+00 |
.00000000e+00

.00000000e+00 ]
.00000000e+00
.00000000e+00

.00000000e+00
.00000000e+00
.00000000e+00

.00000000e+00
.00000000e+00
.65990371e-02]

= o

w -

ll’

.00000000e+00
.00000000e+00
.00000000e+00

.00000000e+00
.00000000e+00
.00000000e+00

.00000000e+00
.00000000e+00
.00000000e+00

— LR DEAE ImageDataGenerator

slONjl0IE el (16,28,28,1)

.16636908e-01
.30860007e-01]
.98084217e-01]

.96649212e-01]
.12116015e-01
.26339054e-01.

.12643251e-01]
.53700489e-01]
.88819718e-01.

111, dtype=float32)
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(SSRGS BSOS G I O R S R Ol i o i i oS IS I O RS I
SIS BSOS IS I S RGOS B OSBGOS O IS O I i S RS I O
(SSRGS B G O I G O R S I O I S I O S O IS I S RO I s
O R OO0 Oe e

16 DBIRD IERES N)L
(one-hot encoding)
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.00000000e+00
.00000000e+00
.00000000e+00

array([[[[0

.s. .s. .s. - .@. .®. 'CD' -

'Cb' .s. .e. -

.09912235e-02]
.00000000e+00
.00000000e+00

.00000000e+00 ]
.00000000e+00 |
.00000000e+00

.00000000e+00 ]
.00000000e+00
.00000000e+00

.00000000e+00
.00000000e+00
.00000000e+00

.00000000e+00
.00000000e+00
.65990371e-02]

= o

w -

2.
3.

ll’

4.

— LR DEAE ImageDataGenerator

slONjl0IE el (16,28,28,1)

.00000000e+00
.00000000e+00
.00000000e+00

.16636908e-01
.30860007e-01]
.98084217e-01]

.00000000e+00
.00000000e+00
.00000000e+00

.96649212e-01]
.12116015e-01
.26339054e-01.

.00000000e+00
.00000000e+00
.00000000e+00

12643251e-01!
53700489e-01]
88819718e-01.

111, dtype=float32)
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array([[o.

(SSRGS BSOS I O I OSRGOS IO O IS O IO TGS RO R O
OO FRPOOFRPRFRP OO0 e
SSRGS BSOS IS I G RS R G G I O IO B O IO I O O I O

S IS I S B i S RS I S IO I S S B O IO IS IO I

(SSRGS I G O I G O R S R O I S O O O RS I S RS I O
(SSRGS BSOS G I O R S R Ol i o i i oS IS I O RS I
SIS BSOS IS I S RGOS B OSBGOS O IS O I i S RS I O
(SSRGS B G O I G O R S I O I S I O S O IS I S RO I s
O R OO0 Oe e

16 DBIRD IERES N)L
(one-hot encoding)
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— LR DEAE ImageDataGenerator

1B OBEROEF—5 EIORIEN 148 OBHROERS NI

array([[[0.

00000000e+00
.00000000e+00
. 24799000e-03 |
.12542732e-04
.00000000e+00
.72699317e-01
.85143852e-01.
. 76469344e-01.
.49917577e-02.
.07536756e-03.
.00000000e+00
.00000000e+00
.00000000e+00
.00000000e+00
.00000000e+00
.00000000e+00
.00000000e+00

= - =a - =a - =a - =a - =3 - = - =a - =a

(28,28,1)

(one-hot encoding)

array([0., 0., 0., 0.,0.,, 0., 0., 0., 0, 1.], dtype=float32)



T — A LR DEE ImageDataGenerator

11 B DEHRDOESIT — 5 1B DEHRDERS NI

array([[[0.00000000e+00], (one-hot encoding)

[0.00000000e+00],
[7.24799000e-031, array((0., 0., 0., 0.,0,, 0., 0, 0., 0., 1.], dtype=float32)
[6.12542732e-04],

[0.00000000e+00], (28,289] )

[1.72699317e-01],

[2.85143852e-01],
[3.76469344e-01]

[4.49917577e-02] . BT —4 1FRES N
[1.07536756e-03] .

el 6| SOOI gloNo]
e L  g[O0][01(15]  g[OI[1][15]
[0.00000000e+00] , , ,

[0.00000000e+00] , %—'—60000 —

[0.00000000e+00] ,

' g[3749]10)[0]  g[3749](1](0]

10 - : ;
- 9[3749][0][(12] 9[3749][1][15]
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Import matplotlib.pyplot as plt

for 1 in range(0,10):
plt.subplot(4,4,i+1)
plt.imshow(x_train[i],’gray’)
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iImport matplotlib.pyplot as plt

for i in range(0, 16):
plt.subplot(4,4,i+1)
plt.imshow(g[O][O][i],’gray’)




T — LR DEEE ImageDataGenerator

from keras.preprocessing.image import ImageDataGenerator

datagen = ImageDataGenerator(
vertical_fllip = True
)

g = datagen.flow(x_train, y_train, batch_size=16, shuffle=False)

vertical_flip = True < S Y4 AIC L TRER
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Import matplotlib.pyplot as plt
for 1 in range(16,32):
plt.subplot(4,4,i-15)

plt.imshow(x_train[i],’gray’)
plt.show()
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Import matplotlib.pyplot as plt

for 1 in range(16,32):
plt.subplot(4,4,i-15)
plt.imshow(g[1][O][i-106],’gray’)




T — LR DEEE ImageDataGenerator

from keras.preprocessing.image import ImageDataGenerator

datagen = ImageDataGenerator(
rotation_range = 90,
vertical_fllip = True

)

g = datagen.flow(x_train, y_train, batch_size=16, shuffle=True)
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Import matplotlib.pyplot as plt
for 1 in range(32,48):
plt.subplot(4,4,i-31)

plt.imshow(x_train[i],’gray’)
plt.show()
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Import matplotlib.pyplot as plt
for 1 in range(32,48):
plt.subplot(4,4,-31)

plt.imshow(g[1][0][i-32],’gray’)
plt.show()
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-featurewise_center : BI8B. T -9ty h&AKT, ANDFHIZ0ICLXT.
-samplewise_center . BIRE BV TILOFIZO0ICLET.
featurewise_std_normalization : BI{E. ANZT7—5t v cDEERETERILUIT.
-samplewise_std_normalization . 5IB{E. IANEZOEERECLBLLETD.

zca_epsilon . ZCAB&tD1 Y0V, FI4)LkIE1e-6.
zca_whitening : %E” ZCABRbZERAUET.
-rotation_range B BT S VS AC[OERY D OERENH.
-width_shift_range : EEED/ Mo (EIglcxed 3E8) . 5‘/9A(c_7j<—297 N9 BEh
-height_shift_range FEVINREL (MHBICK T BENE) . SVHVALICEEY T T DE
shear_range SEEN SR, YT —RE (RISEHE V)U)/J —ABE) .
.zOoOm_range FENINL R B E T2 (& [lower, upper]. SV MCX— LT 255,
e\ HMEMNEZ SN, [lower, upper] = [1-zoom_range, 1+zoom_range]TY.
.channel_shift_range FEN R, SVVALICTFYIURILEY D NI BE
fil_mode ; {"Constant" "nearest", "reflect", "wra "}G)L\‘é‘nb\ 24 JUIE 'nearest’ TY.

BESNIEE— I\(c_FhL/T 7\73 Eﬁd)iﬁi’? DZIBHXT
"constant": kkkkkkkklabcd|<kkkkkkk (cval=k)
"nearest". aaaaaaaalabcd|dddddddd
"reflect": abcddcbalabcd|dcbaabcd
wrap. abcdabcd|abcd|abcdabcd

-cval FEN N R B R T2 (XL fill_mode = "constant" D & = (CIEFRBHI THIASNB1E.
horizontal_flip : BIBEBE. KEA@DICANZS VI ALAICREEURT.
-vertical_flip : BIRE. EEAMICANZS VY LACREEULEXT. | |
‘rescale \ CBREOYRT—DVIRE. T I74I)L~ENone. Noneh 025, EARULZL., ZNBATHNE, (BORBZELT
SHIC) EZAoNniBZT —%(CTER T .
preprocessing_function  BANICERSINDEEHTI. ZOBRMIBOEEHNTONDEICETINET. \
Z D &(JS/ATEODNumpyTJ‘/)L%%I"‘ﬂl(u‘:D @ Ushap eGDTJ‘/)I/%E.':IjjT@“%otD(CE%?%IZ\Eb‘ﬁV)i'@“.
-data_format : {"channels_first", "channels Iast"}d)c‘:f:‘;bb\ "channels_ Iast"d) w0, AJDshapeld(samples, height, width,

Channels)c‘:ED "channels_first"Mi5& (&(samples, channels, height, width)& 0D £
F 224 )LEZKerasDEE D 7 1 JL~/. keras/keraSJsond)lmage data _format®D{ETTY.
—F;%ﬂE’ébeTL\?EUn(J "channels_last"[CiaD £ 9.

-validation_split FEVNEH, BIIOEHICFHLUTEKEROEE (BZICIZONS1DRE) TY.

https://keras.io/ja/preprocessing/image/ kerasOANNR—LAR—I KD
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from keras.models import Sequential
from keras.layers import Dense, Dropout, Conv2D, Flatten, MaxPooling2D

model = Sequential()

model.add(Conv2D(filters=32.,kernel_size=3, strides=1,
padding='same’,input_shape=(28,28, 1),activation="relu’))

model.add(Conv2D(filters=64,kernel size=3, strides=1,
padding='same’, activation="relu’))

model.add(MaxPooling2D(pool_size=2)) —

model.add(Flatten()) e
model.add(Dropout(0.5)) |
model.add(Dense(10,activation="'softmax’))

model.compile(loss="'categorical_crossentropy’, Total parans: 144,266

Trainable params: 144,766

Optimizer='Adam',metriCS=['aCCU raCy']) Non-trainable params: 0
model.summary() HE
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datagen = ImageDataGenerator(
rotation_range = 90
)

g = datagen.flow(x_train, y_train, batch_size=64)

result = model.fit(g, epochs = 50, validation_data=(x_val, y_val),
steps_per_epoch=x_train.shape[0]//64)

649 DIk LicBREFE ED
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datagen = ImageDataGenerator(
rotation_range = 90
)

g = datagen.flow(x_train, y_train, batch_size=64)

result = model.fit(g, epochs = 50, validation_data=(x_val, y_val),
steps_per_epoch=x_train.shape[0]//64)

6419 DIk UicBiREFE S TS

B 'FE Dmodel.fit()(Evalidation_split TtrainZz 7 (7 TL\/2hHY,
S [o)(dvalidation_data=(x_val, y va) TH 5N UOT—YZHART D
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from sklearn.model_selection import train_test_split

X_train, x_val, y_train, y_val = train_test_split(x_train, y_train, test_size=0.2)
print(x_train.shape)

print(x_val.shape)
print(y_train.shape)
print(y_val.shape)

(48000, 28, 28, 1)
(12000, 28, 28, 1)
(48000, 10)
(12000, 10)

traln _test_split(FEART —5,FBAE SN, test_size=3I5)
EI: L/7Z_ UA(L.T Q%ﬁ\%‘lﬁ“%
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datagen = ImageDataGenerator( 48000
rotation_range = 90 12000
)

g = datagen.flow(x_train, y_train, batch_size=64)

result = model.fit(g, epochs = 50, validation_data=(x_val, y_val),
steps_per_epoch=x_train.shape[0]//64)

6419 DIk LUIcBiRZEFE S TS

B 'FE Dmodel.fit()(Evalidation_split TtrainZz 7 (7 TL\/2hHY,
S [o)(dvalidation_data=(x_val, y va) TH 5N UOT—YZHART D

steps_per_epoch= 1IT/Rw D CTE#I DOIE
BEDOmodel.fit() EEL\, HZIEE T DINENDH D

5 [@(3Ix_train.shape[0]//64=750 (BE Dmodel.fit() & @ UEE)
(x_train.shape[0](348000. ”//” (3D EDEE)
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test loss: 0.34445714950561523 test loss: 0.5629728436470032

test accuracy: 0.9031999707221 test accuracy: 0.8313000202178955

0.45 - — loss — loss
- val_loss 1.2 val_loss
0.40 -
0.35 1 104
0.30 -
0.8 1
0.25 A
0.20 -
0.6
0.15 A N

0 10 20 30 40 50 0 10 20 30 40 50

0.96 - 0.85 - ,
0941 0.80 -
228 0.75 1
0.90 -
0.70 -
0.88 -
0.65 -
0.86 -
0.60 ——— accurac y
0.84 - I acy
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