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ഭ䱢、ᢰབྷᆖ

2019 ᒤ 4 ᴸ 13 ᰕ
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สᵜ⸕䇶

卷积神经网络

CNN ᾲ㿲˖

ањިරⲴ CNN ᱟ⭡卷积ቲǃ⊐ॆቲǃޘ䘎᧕ቲӔ৹ึਐ㘼ᡀǄ
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а㔤卷积

卷积 (Convolution)ˈᱟ᷀࠶ᮠᆖѝа⿽䟽㾱Ⲵ䘀㇇Ǆ൘ؑਧ༴⨶
ᡆമۿ༴⨶ѝˈ经ᑨ֯⭘а㔤ᡆҼ㔤卷积Ǆ

а㔤卷积൘ؑਧ༴⨶ѝˈ⭘Ҿ䇑㇇ؑਧⲴᔦ䘏㍟积Ǆ

࡫䇮ањؑਧਁ⭏ಘ⇿њᰦٷ t ӗ⭏ањؑਧ xtˈަؑ᚟Ⲵ㺠߿⦷
Ѫ wkˈণ൘ k−1 њᰦ䰤↕䮯ਾˈؑ᚟Ѫ৏ᶕⲴ wk Ǆ䙊ᑨᢺؽ
w1,w2,··· 〠Ѫ└⌒ಘ (Filter) ᡆ卷积Ṩ (Convolution Kernel)Ǆ
䇮└⌒ಘ䮯度Ѫٷ mˈᆳ઼ањؑਧᒿࡇ x1, x2, ... Ⲵ卷积Ѫ

yt =
m∑

k=1

wk · xt−k+1 (1)

ؑਧᒿࡇ x ઼└⌒ಘ w Ⲵ卷积ᇊѹѪ

y = w ⊗ x (2)
ަѝ ⊗ 㺘⽪卷积䘀㇇Ǆ
䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 3 / 33
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Ҽ㔤卷积

Ҽ㔤卷积ࡉ经ᑨ⭘൘മۿ༴⨶ѝǄ㔉ᇊањമۿ X ∈ RM×Nˈ઼└
⌒ಘ w ∈ Rm×nˈа㡜 m ≪ Mˈn ≪ Nˈަ卷积Ѫ

yij =
m∑

u=1

n∑
v=1

wuv · xi−u+1,j−v+1 (3)

Ҽ㔤卷积᫽֌ྲമᡰ⽪˖

᫽֌ਾ⢩ᖱമབྷሿѪ (M − m + 2p)/s + 1)× (N − n + 2p)/s + 1)ˈp
Ѫ 0 ປݵབྷሿˈs Ѫ↕䮯Ǆ
䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 4 / 33
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⢩ᖱᨀਆ

൘മۿ༴⨶ѝˈ卷积经ᑨ֌Ѫ⢩ᖱᨀਆⲴᴹ᭸ᯩ⌅Ǆаᑵമۿ൘经
䗷卷积᫽֌ਾᗇࡠⲴ㔃᷌〠Ѫ⢩ᖱ᱐ሴ (Feature Map)Ǆ
മۿ༴⨶ѝࠐ⿽ᑨ⭘Ⲵ└⌒ಘྲമᡰ⽪, 儈ᯟ└⌒ಘüüᒣ━৫ಚ;
ަ։єњüüᨀਆ䗩㕈⢩ᖱ˖
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卷积ቲ

卷积ቲᴹєњ䟽㾱⢩⛩˖ተ䜘䘎᧕ˈᵳ䟽ޡӛǄ

˖∄䘎᧕ቲ઼卷积ቲⲴሩޘ
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卷积ቲ

卷积ቲⲴ֌⭘ᱟᨀਆањተ䜘४ฏⲴ⢩ᖱˈ㘼н਼Ⲵ卷积Ṩ⴨ᖃҾ
н਼Ⲵ⢩ᖱᨀਆಘǄ

卷积ቲⲴй㔤㔃ᶴ㺘⽪˖
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卷积ቲ

卷积ቲⲴ㔃ᶴྲл˖

䗃ޕ⢩ᖱ᱐ሴ㓴˖X ∈ RM×N×D Ѫй㔤ᕐ䟿 (tensor)ˈަѝ⇿њ࠷
⡷ (slice) ⸙䱥 Xd ∈ RM×N Ѫањ䗃ޕ⢩ᖱ᱐ሴˈ1 ≤ d ≤ D;
䗃ࠪ⢩ᖱ᱐ሴ㓴:Y ∈ RM′×N′×P Ѫй㔤ᕐ䟿ˈަѝ⇿њ࠷⡷⸙䱥
Yp ∈ RM′×N′

Ѫањ䗃ࠪ⢩ᖱ᱐ሴˈ1 ≤ p ≤ P;
卷积Ṩ:W ∈ Rm×n×D×P Ѫഋ㔤ᕐ䟿ˈަѝ⇿њ࠷⡷⸙䱥
Wp,q ∈ Rm×n Ѫањє㔤卷积Ṩˈ1 ≤ d ≤ Dˈ1 ≤ p ≤ P;

䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 8 / 33
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卷积ቲ

卷积ቲⲴ䇑㇇⽪ֻ㺘⽪ྲл˖

ѪҶ䇑㇇䗃ࠪ⢩ᖱ᱐ሴ Ypˈ⭘卷积Ṩ Wp,1,Wp,2, ...,Wp,D ሩ࡛࠶
䗃ޕ⢩ᖱ᱐ሴ X1,X2,···,XD 䘋㹼卷积ˈ❦ਾሶ卷积㔃᷌⴨࣐ˈ
ᒦ࣐кањḷ䟿ٿ㖞 b ᗇࡠ卷积ቲⲴ߰䗃ޕ Zpˈ޽经䗷䶎㓯ᙗ◰
⍫࠭ᮠਾᗇࡠ䗃ࠪ⢩ᖱ᱐ሴ YpǄ
䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 9 / 33
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卷积ቲ

ਟᖒᔿॆѪ˖

ZP = WP ⊗ X + bP =

D∑
d=1

Wp,d ⊗ Xd + bq, (4)

Yp = f(ZP). (5)

ަѝ Wp ∈ Rm×n×D Ѫй㔤卷积Ṩˈf(·) Ѫ䶎㓯ᙗ◰⍫࠭ᮠˈа㡜
⭘ ReLU ࠭ᮠǄሶк䘠䗷〻䟽༽ P ⅑ˈᗇࡠ P њ䗃ࠪ⢩ᖱ᱐ሴ
Y1,Y2,ggg,YPǄ

൘䗃ޕѪ X ∈ RM×N×Dˈ䗃ࠪѪ Y ∈ RM′×N′×P Ⲵ卷积ቲѝˈ⇿а
њ䗃ޕ⢩ᖱ᱐ሴ䜭䴰㾱 D њ└⌒ಘԕ৺ањٿ㖞Ǆٷ䇮⇿њ└⌒
ಘⲴབྷሿѪ m × nˈ䛓Ѹޡ䴰㾱 P × D × (m × n) + P њ৲ᮠǄ

䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 10 / 33
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⊐ॆቲ

⊐ॆቲ (Pooling Layer) ҏਛᆀ䟷ṧቲ (Subsampling Layer)ˈަ֌⭘
ᱟ䘋㹼⢩ᖱ䘹ᤙˈ䱽վ⢩ᖱᮠ䟿ˈӾ㘼߿ቁ৲ᮠᮠ䟿ˈ䚯ݽ䗷ᤏਸǄ

ᑨ⭘Ⲵ⊐ॆ࠭ᮠᴹє⿽:
ᴰབྷ⊐ॆ (Maximum Pooling): а㡜ᱟਆањ४ฏ޵ᡰᴹ神经ݳⲴ
ᴰབྷ٬Ǆ

ᒣ൷⊐ॆ (Mean Pooling): а㡜ᱟਆ४ฏ޵ᡰᴹ神经ݳⲴᒣ൷٬Ǆ
ሩ⇿ањ䗃ޕ⢩ᖱ᱐ሴ Xd Ⲵ M′ × N′ њ४ฏ䘋㹼ᆀ䟷ṧˈᗇࡠ⊐
ॆቲⲴ䗃ࠪ⢩ᖱ᱐ሴ Yd = Yd

m,n,1 ≤ m ≤ M′,1 ≤ n ≤ N′Ǆ

䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 11 / 33
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⊐ॆቲ

⊐ॆቲ⊐ॆ䗷〻㺘⽪˖

䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 12 / 33
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ިර CNN 㔃ᶴ

ިරⲴ网络㔃ᶴ˖

ањިරⲴ卷积网络ᱟ⭡卷积ቲǃ⊐ॆቲǃޘ䘎᧕ቲӔ৹ึਐ㘼ᡀǄ
ަѝањ卷积ඇѪ䘎㔝 M њ卷积ቲ઼ b њ⊐ॆቲ (M 䙊ᑨ䇮㖞Ѫ
2 ∼ 5ˈb Ѫ 0 ᡆ 1)Ǆањ卷积网络ѝਟԕึਐ N њ䘎㔝Ⲵ卷积ඇˈ
❦ਾ޽᧕ K њޘ䘎᧕ቲ (N Ⲵਆ٬४䰤Ѫ 1 ∼ 100 ᡆ㘵ᴤབྷ;K а
㡜Ѫ 0 ∼ 2)Ǆⴞࡽˈᮤњ网络㔃ᶴ䎻ੁҾ֯⭘ᴤሿⲴ卷积Ṩ (∄ྲ
1 × 1 ઼ 3 × 3) ԕ৺ᴤ深Ⲵ㔃ᶴ (∄ྲቲᮠབྷҾ 50)Ǆ

䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 13 / 33
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ᇎ䐥

LeNet-5
LeNet-5 网络㔃ᶴྲл˖

н䇑䗃ޕቲˈLeNet-5 ᴹޡ 7 ቲˈ⇿аቲⲴ㔃ᶴѪ:
1. 䗃ޕቲ: 䗃ޕമۿབྷሿѪ 32 × 32 = 1024Ǆ
2. C1 ቲᱟ卷积ቲˈਜ਼ 6 њ 5 × 5 Ⲵ└⌒ಘˈᗇࡠ 6 㓴བྷሿѪ 28 ×
28 = 784 Ⲵ⢩ᖱ᱐ሴǄഐ↔ˈC1 ቲⲴ神经ݳᮠ䟿Ѫ 6 × 784 =
4704ˈਟ䇝㓳৲ᮠᮠ䟿Ѫ 6 × 25 + 6 = 156ˈ䘎᧕ᮠѪ 156 × 784
= 122,304Ǆ
䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 14 / 33
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ᇎ䐥

LeNet-5

㔃ᶴྲл˖
3. S2 ቲѪ⊐ॆቲˈ䟷ṧデਓѪ 2×2 ˈ֯⭘ Mean PoolingǄ神经ݳ
њᮠѪ 6 × 14 × 14 = 1, 176ˈਟ䇝㓳৲ᮠᮠ䟿Ѫ 6 ×(1 + 1) =
12ˈ䘎᧕ᮠѪ 6 × 196 × (4 + 1) = 5880Ǆ
4. C3 ቲѪ卷积ቲǄ֯ޡ⭘ 60 њ 5 × 5 Ⲵ└⌒ಘˈᗇࡠ 16 㓴བྷሿ
Ѫ 10 × 16 × 100 = 1,600ˈਟ䇝㓳৲ᮠᮠ䟿Ѫ (60 × 25) + 16 =
1,516ˈ䘎᧕ᮠѪ 100 × 1,516 = 151,600Ǆ
5.S4 ቲᱟ⊐ॆቲˈ䟷ṧデਓѪ 2 × 2ˈᗇࡠ 16 њ 5 × 5 བྷሿⲴ⢩
ᖱ᱐ሴˈਟ䇝㓳৲ᮠᮠ䟿Ѫ 16 × 2 = 32ˈ䘎᧕ᮠѪ 16 × 25 × (4
+ 1) = 2000Ǆ

䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 15 / 33
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ᇎ䐥

LeNet-5

㔃ᶴྲл˖
6. C5 ቲᱟањ卷积ቲˈ֯⭘ 120 × 16 = 1, 920 њ 5 × 5 Ⲵ└⌒
ಘˈᗇࡠ 120 㓴བྷሿѪ 1 × 1 Ⲵ⢩ᖱ᱐ሴǄC5 ቲⲴ神经ݳᮠ䟿Ѫ
120ˈਟ䇝㓳৲ᮠᮠ䟿Ѫ 1,920 × 25 + 120 = 48,120ˈ䘎᧕ᮠѪ 120
× (16 × 25 + 1) = 48,120Ǆ
7. F6 ቲᱟањޘ䘎᧕ቲˈᴹ 84 њ神经ݳˈਟ䇝㓳৲ᮠᮠ䟿Ѫ
84×(120+1) = 10, 164Ǆ䘎᧕ᮠ઼ਟ䇝㓳৲ᮠњᮠ⴨਼ˈѪ 10,164Ǆ
8. 䗃ࠪቲ: 䗃ࠪቲ⭡ 10 њ⅗∿ᖴੁส࠭ᮠ (RBF) ࠭ᮠ㓴ᡀǄ

䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 16 / 33
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Keras Layers

Ҽ㔤卷积ቲ:
keras.layers.convolutional.Convolution2D(nb_filter, nb_row, nb_col,
init=’glorot_uniform’, activation=’linear’, weights=None,
border_mode=’valid’, strides=(1, 1), dim_ordering=’th’,
W_regularizer=None, b_regularizer=None,
activity_regularizer=None, W_constraint=None,
b_constraint=None, bias=True)
ѫ㾱৲ᮠ˖nb_filter: 卷积ṨⲴᮠⴞ˗nb_row: 卷积ṨⲴ㹼ᮠ˗
nb_col: 卷积ṨⲴࡇᮠ˗activation: ◰⍫࠭ᮠ; strides: ↕䮯˗

䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 17 / 33
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ᇎ䐥

LeNet Ⲵᩝᔪ

ሬޕ⁑ඇ˖
#coding=utf-8
from keras.models import Sequential
from keras.layers import Dense,Flatten,Dropout
from keras.layers.convolutional import Conv2D,MaxPooling2D
from keras.utils.np_utils import to_categorical
import cPickle
import gzip
import numpy as np
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LeNet Ⲵᩝᔪ

䖭ޕᮠᦞˈ࠶ࡂ䇝㓳ǃ傼䇱ǃ⍻䈅䳶˖
data = gzip.open(r’/media/wmy/document/BigData/kaggle/Digit
Recognizer/mnist.pkl.gz’)
train_set,valid_set,test_set = cPickle.load(data)
train_x = train_set[0].reshape((-1,28,28,1))
train_y = to_categorical(train_set[1])
valid_x = valid_set[0].reshape((-1,28,28,1))
valid_y = to_categorical(valid_set[1])
test_x = test_set[0].reshape((-1,28,28,1))
test_y = to_categorical(test_set[1])

䱸⶯ (ഭ䱢、ᢰབྷᆖ) 深度卷积神经网络 2019 ᒤ 4 ᴸ 13 ᰕ 19 / 33



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

深度卷积神经网络

CNN˄Convolutional Nerual Network)
ᇎ䐥

LeNet Ⲵᩝᔪ
ᩝᔪ⁑ර˖
model = Sequential()
model.add(Conv2D(32,(5,5),strides=(1,1),input_shape=(28,28,1)
,padding=’valid’,activation=’relu’,kernel_initializer=’uniform’))
model.add(MaxPooling2D(pool_size=(2,2)))
model.add(Conv2D(64,(5,5),strides=(1,1),padding=’valid’,
activation=’relu’,kernel_initializer=’uniform’))
model.add(MaxPooling2D(pool_size=(2,2)))
model.add(Flatten())
model.add(Dense(100,activation=’relu’))
model.add(Dense(10,activation=’softmax’))
model.compile(optimizer=’sgd’,loss=’categorical_crossentropy’,
,metrics=[’accuracy’])
model.summary()
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LeNet-5 Ⲵᩝᔪ

ᤏਸǃ䇴ՠ⁑ර˖
model.fit(train_x,train_y,validation_data=(valid_x,valid_y),
batch_size=20,epochs=20,verbose=2)
print model.evaluate(test_x,test_y,batch_size=20,verbose=2)
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AlexNet
AlexNet 网络㔃ᶴྲл˖

֯⭘ GPU 䘋㹼ᒦ㹼䇝㓳ˈReLU ֌Ѫ䶎㓯ᙗ◰⍫࠭ᮠˈDropout 䱢
→䗷ᤏਸˈԕ৺ᮠᦞ໎ᕪᶕᨀ儈⁑ර߶⺞⦷ㅹǄ
AlexNet Ⲵ㔃ᶴˈवᤜ 5 њ卷积ቲǃ3 њޘ䘎᧕ቲ઼ 1 њ softmax
ቲǄഐѪ网络㿴⁑䎵ࠪҶᖃᰦⲴঅњ GPU Ⲵ޵ᆈ䲀ࡦˈAlexNet ሶ
网络᣶Ѫєॺˈ࡛᭮࠶൘єњ GPU кˈGPU 䰤ਚ൘ḀӋቲ (∄ྲ
ㅜ 3 ቲ) 䘋㹼䙊䇟Ǆ
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AlexNet

AlexNet Ⲵާփ㔃ᶴྲл˖
1. 䗃ޕቲˈ224 × 224 × 3 ⲴമۿǄ
2. ањ卷积ቲˈ֯⭘єњ 11 × 11 × 3 × 48 Ⲵ卷积Ṩˈ↕䮯 s =
4ˈ䴦ປݵ p = 3ˈᗇࡠєњ 55 × 55 × 48 Ⲵ⢩ᖱ᱐ሴ㓴Ǆ
3. ㅜањ⊐ॆቲˈ֯⭘བྷሿѪ 3 × 3 Ⲵᴰབྷ⊐ॆ᫽֌ˈ↕䮯 s = 2ˈ
ᗇࡠєњ 27 × 27 × 48 Ⲵ⢩ᖱ᱐ሴ㓴Ǆ
4. ㅜҼњ卷积ቲˈ֯⭘єњ 5 × 5 × 48 × 128 Ⲵ卷积Ṩˈ↕䮯 s =
1ˈ䴦ປݵ p = 2ˈᗇࡠєњ 27 × 27 × 128 Ⲵ⢩ᖱ᱐ሴ㓴Ǆ
5. ㅜҼњ⊐ॆቲˈ֯⭘བྷሿѪ 3 × 3 Ⲵᴰབྷ⊐ॆ᫽֌ˈ↕䮯 s = 2ˈ
ᗇࡠєњ 13 × 13 × 128 Ⲵ⢩ᖱ᱐ሴ㓴Ǆ
6. ㅜйњ卷积ቲѪєњ䐟ᖴⲴ㶽ਸˈ֯⭘ањ 3 × 3 × 256 × 384
Ⲵ卷积Ṩˈ↕䮯 s = 1ˈ䴦ປݵ p = 1ˈᗇࡠєњ 13 × 13 × 192 Ⲵ
⢩ᖱ᱐ሴ㓴Ǆ
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AlexNet

㔃ᶴྲл˖
7. ㅜഋњ卷积ቲˈ֯⭘єњ 3 × 3 × 192 × 192 Ⲵ卷积Ṩˈ↕䮯 s
= 1ˈ䴦ປݵ p = 1ˈᗇࡠєњ 13 × 13 × 192 Ⲵ⢩ᖱ᱐ሴ㓴Ǆ
8. ㅜӄњ卷积ቲˈ֯⭘єњ 3 × 3 × 192 × 128 Ⲵ卷积Ṩˈ↕䮯 s
= 1ˈ䴦ປݵ p = 1ˈᗇࡠєњ 13 × 13 × 128 Ⲵ⢩ᖱ᱐ሴ㓴Ǆ
9. ⊐ॆቲˈ֯⭘བྷሿѪ 3 × 3 Ⲵᴰབྷ⊐ॆ᫽֌ˈ↕䮯 s = 2ˈᗇࡠ
єњ 6 × 6 × 128 Ⲵ⢩ᖱ᱐ሴ㓴Ǆ
10. йњޘ䘎᧕ቲˈ神经ݳᮠ䟿࡛࠶Ѫ 4096ˈ4096 ઼ 1000Ǆ
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ަԆ经ި CNN 网络

Inception 网络ᱟ⭡ཊњ inception ⁑ඇ઼ቁ䟿Ⲵ⊐ॆቲึਐ㘼ᡀǄ
Inception ⁑ඇ਼ᰦ֯⭘ 1 × 1ǃ3 × 3ǃ5 × 5 ㅹн਼བྷሿⲴ卷积Ṩˈ
ᒦሶᗇࡠⲴ⢩ᖱ᱐ሴ൘深度к᤬᧕ (ึਐ) 䎧ᶕ֌Ѫ䗃ࠪ⢩ᖱ᱐ሴǄ
GoogLeNet ⭡ 9 њ Inception v1 ⁑ඇ઼ 5 њ≷㚊ቲԕ৺ަᆳаӋ卷
积ቲ઼ޘ䘎᧕ቲᶴᡀˈᙫޡѪ 22 ቲ网络Ǆ
↻ᐞ网络ᱟ䙊䗷㔉䶎㓯ᙗⲴ卷积ቲ໎࣐ⴤ䘎䗩Ⲵᯩᔿᶕᨀ儈ؑ᚟Ⲵ
Ր᫝᭸⦷Ǆ
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AlexNet Ⲵᩝᔪ
ᩝᔪ⁑ර˖
model = Sequential()
model.add(Conv2D(96,(11,11),strides=(4,4),input_shape=(227,227,3)
,padding=’valid’,activation=’relu’,kernel_initializer=’uniform’))
model.add(MaxPooling2D(pool_size=(3,3),strides=(2,2)))
model.add(Conv2D(256,(5,5),strides=(1,1),padding=’same’
,activation=’relu’,kernel_initializer=’uniform’))
model.add(MaxPooling2D(pool_size=(3,3),strides=(2,2)))
model.add(Conv2D(384,(3,3),strides=(1,1),padding=’same’
,activation=’relu’,kernel_initializer=’uniform’))
model.add(Conv2D(384,(3,3),strides=(1,1),padding=’same’
,activation=’relu’,kernel_initializer=’uniform’))
model.add(Conv2D(256,(3,3),strides=(1,1),padding=’same’
,activation=’relu’,kernel_initializer=’uniform’))
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AlexNet Ⲵᩝᔪ

ᩝᔪ⁑ර˖
model.add(MaxPooling2D(pool_size=(3,3),strides=(2,2)))
model.add(Flatten())
model.add(Dense(4096,activation=’relu’))
model.add(Dropout(0.5))
model.add(Dense(4096,activation=’relu’))
model.add(Dropout(0.5))
model.add(Dense(1000,activation=’softmax’))
model.compile(loss=’categorical_crossentropy’,optimizer=’sgd’,
metrics=[’accuracy’])
model.summary()
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৲㘳Җⴞ

ǉ神经网络о深度ᆖҐǊ(䛡䭑呿)
keras ᇎ⧠ᑨ⭘深度ᆖҐ⁑ර LeNetˈAlexNetˈZFNetˈVGGNetˈ
GoogleNetˈResnet
(https://blog.csdn.net/wang1127248268/article/details/77258055)
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