1 #**********************************************************************************
2 # Image multi-classification using keras

3 #

4 |# conda create —n recogvoice tensorflow keras pillow pydot opencv

5# conda activate recogvoice

6 # pip install matplotlib

7 #************************************‘k*********************************************
8# Ot 2 HIMXE(E=)2 &Y http://keras.io AIOIENA EX

9

10 |{import numpy as np

11/import os, cv2

12

13 from keras import models

14 [from keras.models import Sequential, save_model, load_model

15 from keras.layers import Dense, Flatten, Dropout

16 (from keras. layers.convolutional import Conv2D

17 [from keras.layers.convolutional import MaxPooling2D

18 (from keras.preprocessing import image

19 [from keras.preprocessing.image import ImageDataGenerator, array_to_img, img_to_array, load_img
20 [from keras.cal Ibacks import ModelCheckpoint
21 |from keras.utils.vis_utils import plot_model
22
23 |from PIL import Image # PIL: Python Image Library (pillow &Xl)
24 |import matplotlib.pyplot as plt
25
26
27 los.environ[ 'TF_CPP_MIN_LOG_LEVEL'] = '2' # HANE=2 &4 warning HIAX &8 X
28 # T2 ASAl "Your CPU supports instructions that this TensorFlow binary
29 # was not compiled to use: AVX AVX2" OtE0|H EHIMEZR S#FHSG H
30 {#np.random.seed(15) # EISA AT 22 ZUE 21 AS B2 A2
31
32 [TRAIN_FOLDER = 'train'
33 |TEST_FOLDER = 'test'
34 [TARGET_SIZE = (64, 64)
35 |INPUT_SHAPE = (64, 64, 3)
36
37 [#
3B [0] 20 M2 EFE Class M4 =0l
39 #

40 |total_folder_no=0

41|for _, dirnames, filenames in os.walk(TRAIN_FOLDER): # CleAEe CIAER MIECAES F2 et
42 #total_file_no += len(filenames)

43 total_folder_no += len(dirnames)

44

45 |total_class_no = total_folder_no
46 print("Wn 28 & Class #=: ",total_class_no)

47

48 |#

49 |# [1] Data Preparation

50 [# St 23, HAEN AEE OOolH =l

51 1# & https://keras.io/api/preprocessing/image/ (& 0{)

52 # https://keras.io/ko/preprocessing/image/ (&t=)

53 |#

54 # ImageDataGenerator M 4&

551 XI&e ZH0A =2 (augmented) GIOIE HHXI(batch, TIOIE £8)2 M4

56 [# 2= CIOIEl 2ol 2HH S0l 0~1 AIOIS] AlLgo 2 B1A

57 |train_datagen = ImageDataGenerator (

58 rotation_range = 0, # B=2gt, random 3& A&

59 width_shift_range=0.2, (1/3)™ =3t o) 22&AL [-2, -1, 0, 1, 2] & '&9"' ¥ gt

60 (2/3)al%=3t: Ol) 1.02CH 2 2.0 £F 2 [-2.0 ~ 2.0) AlOl &2 &%
61 1.02CH &2 Al&gh @ 0|01 Jt22 0129 229 dHlsat
62 (3/3)1XH& BiZgt: o) [-3, -1, 1, 3] OIA Lol gt

63 height_shift_range=0.0, width_shift_range@ DFEHDIX| 2AIO2 BISOF H22 M

#
#
#
#
#
64 brightness_range=None, #
65 # |
66 shear_range=0.0, # Al BHAIN gEto=z 29 S (degree) &2 shearing & (shear®l
67 # A2 E object > HEAIHE, A>ERO0 2 = US
# Al .
#
#
#
#
#
#
#

FE20IL, F2S N el2E: FHA HAW 22 SHIIgt 23 shift
o

o) [-5, +5] @ 242 &D12t0l 50 M +5 AtOIS &

68 zoom_range=0.0, A3t [lower, upper] E2ILE Lolgtez &)

69 12CH &2g01H [1-& =g, 1+ 53] A0IS 2o gt &=
70 fill_mode='nearest', 20|01 K Bt HISe2 ZAH &8 2.

71 {"constant", "nearest", "reflect" &2 "wrap"} = olLt

72 horizontal_flip = False, f LS

73 vertical_flip = False, b 3

74 rescale = 1/255.0,

OIOIXI 2 stagtol =36tJ1 ate 8
75 data_format="'channels_last' E

e (~/.keras/keras.json)0ff XI&s Uz 8=
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41 Inode | . add(MaxPoo | ing2D(pool _size=(

# |24 3E 'channels_last' & -> (samples, height, width, channels)
#validation_split= # A3t YZHO0IE =, validationZ O0I0IXl GIOIEH HIE ( 0~1 ALOIBL)
#featurewise_std_normalization= # Boolean: LS HOIEHE '®X HOIHANES HZ'22 Ls
#samplewise_std_normalization:= # Boolean: 2t 2=ZEHO0I0IXE ' L=H0/0IX StUe Ra'2=2 Us
#.... 2 O US

)

test_datagen = ImageDataGenerator(rescale = 1/255.)

# [1-1] & & OI0IE (Augmentation) ME 44

# AAZtSZ HO0IeH S2AIIIHA 'tensor image datall S S(batch)' A

# Gradient Descent : Oldd GradientaiE Y= YO Z U=0A S&ote &HES 2y

# Batch Size : A1 3 Y WS O2t0IH 2 LOOIE SIl &ol HAN EHOAIII= MEMOEHS =

# Hyperparameter : Sf&S Al A XIF 2E HollOF of= B4 (batch_size, learning_rate...)
train_generator = train_datagen.flow_from_directory (

TRAIN_FOLDER, OI0IXl TIOIEHII sHU=E EHY

target_size=TARGET_SIZE, OlI0IXI 32 HR3 (M2XJt2)

batch_size=3, gt @ SSAl, WeightE YOIO0IE dSt= 20A2t2] OIOIE H+E LIEY

Stochastic Gradient Descent(=1) ationOl otLtSl MEQH AIS

H=

#

#

# ter

# StSHEEEE HS/AS U0 ERZ StSA22 2/noisy update2 Al

# Batch Gradient Descent(=N) : & GIOIEI(N)OI CHSt ofled HA £ SOl

# StEHs 55 SE/AHMAIZ HZ/E0 AHFE SS/H2el AEY 2

# Mini-Batch SGD(<N) : &5 GIOIE{ Ol CHSH Oled A& = Het0le SH0IE (ZerA )

# HAEXHOZ 32(HEXO2 UBHA ZH), 64, 128 S0| Al2E

# https://machinelearningmastery.com/gentle-introduction-mini-batch-gradient-descent-configure-batch-

size/
class_mode='categorical', # EFY4 @ 252 MEote ¢4 Z2F (binary, categorical, sparse, None)
# Ct=&S-categorical, O|XES-binary, St 0[B&: none
shuffle = True, # OO MY =ME Y42 A=K Z2F (train:True, test:False)
B Oleie OIOIE HE 2 45, 48 ototH JIegieoz 488 ———

)

# [1-2] HHAEE HOIEHW ot = OI&IIXIZ HIOE ME 44
test_generator = test_datagen.flow_from_directory (
TEST_FOLDER, target_size=TARGET_SIZE, batch_size=1, shuffle = False, class_mode='categorical')

[2] Model Construction
AFeo X oMY

FH H H

#es = EarlyStopping(monitor="'val_loss', mode='min', verbose=1, patience=100)

model = Sequential() # keradl M&6tse A3Y 2d =18
# Sequential: layer2t 3RJF § 1], Y= layedt 2r24otLEA &
# Functional: QIEGIAl &£ layer?t HZ0| A7SD, SEE 2 MHA AFZ
# (https://machinelearningmastery.com/keras-functional-api-deep-learning/)

# LS AZE AWM layer MY
mode | .add(Conv2D(32, kernel_size=(3,3), activation='relu', input_shape=INPUT_SHAPE))
#HERHE ZHO M4 0 3200, ALYFRA Yol 2 OI0IX AJl= kernel_sizeldl 2ol sz Z28E
# kernel_size : 2X@ AYRH S (ZH)Q IHZ2 M2 AD|
# activation : 2 w&d9 43 &= (linear, sigmoid, softmax, retifier(relu), ...)
# input_shape : 3 Q&9 JI(E,Z, MHE=), L AZE AEM HOIHNMC A
# S22 3x3 kernel_size& Qo 30x26 A2 0I0I Xl 32940t &
mode| .add(MaxPool ing2D(pool_size=(2,2)))

# 2 clol0l SHUA 2x2 =, 402 & SH0AM tE 2 g ottt s dololz de
!

# (22T (2x2 99)S2 0lMst /X olsH RSt 850 Jis
# (SU2)HEHS AJIE EUHS, &0l AdUEcz 2 TAaQ| &50 Jlosts doF A= &H
# EHES2 2x2 pool_sizezt2 2 Qo 15x13 3J12 0I0I Xl 3240 &

mode | .add(Dropout(0.2))

#st58 EF OOIEHM RS (overfitting) = 2ME 20| A
| 3

# X Est HE(rate)2 OOIH 8 U2 MdeE =50 gagis AHESZ 022 AHE
# LIOIXI CIOIEE OHA! 1/(1-rate) 2t Bt2 =IF AMAAN HHM L2t &2 HHolX 2LH &tCt
# SESA0E AAZE S, kerasOlAl model . fit() AFEAl training 2t0l True LM M= &

# UERD size Hste 98

mode | .add(Conv2D(64, kernel_size=(

3,3), activation='relu'))
# =SS 3x3 kernel_sizegt2& @
2,

olgh 13x11 =212l OI0IXl 642401 &
2)))
# SHES2 2x2 pool_sizezt2 2 Qo 6x5 A2 OI0I Xl 640t &
mode | .add(Dropout (0.2))

model .add(Flatten())
# AKX A0l X F=It
# SR L= 6x5x64 = 1920

mode | .add(Dense (64, activation='relu'))
# EELE4= 640

mode | .add(Dense(total_class_no, activation='softmax'))



#=8 LEx= SadA =2 10

save_model (model, 'classify_model.tf') # tensorflow H& 2.x & 4oz H&
# 22 HOolE EM(2Y X, weights, 29 x5 AH) H&
# model = load_model('classify_model.tf') St&st RELIER weightES 2 M AIS
# model .save_weights('myocr_model_weights.tf') &8 weight2t M &

o

# kerasQ 2 2@ =S 22 2E AdF =

print(model .summary())

#plot_model (model, to_file="model_plot.png', show_shapes=True, show_layer_names=True)
# [3] Configuring Training

# StE YA Uis sB(zsgy, &Asr HaH 53 J|E) &3

mode | .compile(loss="categorical_crossentropy', optimizer="'adam', metrics=["accuracy'])
# [4] Model Training

# SHO0IEHE ol2at0 &AM &5

# =& StS A2 model/weightsE MESIHLE S = stAZ2 THIHGHI| It MIAECE &AH
checkpointer = ModelCheckpoint(filepath="best_weights.hdf5",
monitor= 'val_accuracy', mode='max', verbose=1,
save_weights_only=True, save_best_only=True)
# https://www.tensorflow.org/api_docs/python/tf/keras/callbacks/Mode|Checkpoint

step_size_train = train_generator.n // train_generator.batch_size
#step_size_valid = valid_generator.n // valid_generator.batch_size
step_size_test = test_generator.n // test_generator.batch_size

history= model.fit_generator(train_generator, steps_per_epoch=step_size_train,
cal Ibacks = [checkpointer], #callbacks = [es],
validation_data=train_generator,validation_steps=step_size_train, epochs=200)
# steps_per_epoch : StE12| epochOlAd XM2lE batch F82 =
# epochs : steps_per_epochOl Al &8t 202 st& AIIIH SHH 2l epochIt &

# history: Of epochOICt loss, acc, val_loss, val_acc 8¢2 historyOl M&

# MEE ZE weightE 2220
model . load_weights('best_weights.hdf5")

# 24 HOolHeH EXM(2Y X, weights, @9 = =3t &) HE

save_model (model, 'classify_voice_model.tf') # tensorflow H&E 2.x 8 422 H&E
# [5] Model Evaluation
# stE AEN E Ot
print("Wnxxxsexxsoxx Evaluation #xxxssxxssx')
scores = model.evaluate_generator(train_generator, steps=step_size_train)
for i in range(len(model.metrics_names)) :
print('%s: %.2f %%' %(model.metrics_names[i], scores[i]*100))
# [6] Model Prediction
# HAE GOIEHW CHe o=
print('Wn*********** Prediction sx*x*x*x%x*')

np.set_printoptions(formatter={'float': lambda x: '{0:0.3f}'.format(x)})
# A& 0I5t 3Kt2l NHKS =&

print(test_generator.class_indices)
# 28 ZOHJF RPE(ZEM) 2tHID2l CI0IE (class)E 20Ist=Xl =4
#4000, 111, 252, '3':3, '4': 4, '5':5, 616, 77

cls_md = "Class Mode: "+test_generator.class_mode

print(cls_md)
# =85 e 2L 2= = @ Class Mode: categorical
# Categirocal : Ol2l st JtEI22l0l CHOH O0~1 AtOI2l g8t &%,
# S0 MY 2 2HLAE LEs ©§oz 2bx5t= &4

print('Wn[[[ &'&&t CIOIEOI CHEt predition & &2 - o=k =2 EE]HW
output = model .predict_generator(train_generator, steps=step_size_train)

# validation_data : St&0l &IJLAIIIX 21, 2 epoch F0ICH 2SS E22 lossat & HOt



226 |print(output)
227
228 print("#Wn[[[ HIAE CIOIEOl TSt predition & =8 - ZE0HY LLsi=cz =3 1]]")
229 loutput = model.predict_generator(test_generator, steps=step_size_test, verbose=1)

230

231 #

232 [ HIAE OIOIEN et 8% 20 25 061D

233 [#

234 |test_filenames = []

235|for file in test_generator.filenames : # =82 ?ol HAEEZE WYY 2IAE O A4

236 test_filenames.append(file)
237 #orint(file)

238
239 |for no in range(len(output)) :

240 print("Wn[",no, "I124M OIOIXl ", test_filenames[no], " Off st &% 2W")
241 print('Wt', output[nol]) # oA =EES g =Y
242 maxVal Indices = [i for i, x in enumerate(output[no]) if x == max(output[no])]

243 print("WtH At &2 "end = ')
244 print(maxValIndices)

245
246
247 |#

248 # (matplotlib 2t0IE2{2lE 0I80ol0) &&5 FET e =4 23 gt NelZz £

249 #

250 # JIZE history 8t &2 ==> dict_keys(['val_loss', 'val_accuracy', 'loss', 'accuracy'])
251 jprint(history.history.keys())

252
253 # history IHH0IH g2 delzz =
254 plt.plot(history.historyl['accuracy'])

255 |plt.plot(history.history['loss'])

256
257 # JhE NS &9

258 plt.title('model accuracy & loss')

259 # 2AZ /0B y/x 52 290 LIEIHIE cteg &

260 plt.ylabel('accuracy/loss")

261 |plt.xlabel('epoch')

262 #2AZ AU Hell &=

263 plt.legend(['accuracy', 'loss'], loc="upper left')

264 print("WnZ 25t T £ HS ZOAI2.W")

265 |plt.show()

266

267

268 |#

269 |# [7] (HHAE= 22 CIOIE{0l CHSt) Hidden Layer Activation Al2f3}

270 |#

271 |# 2= FA0 Oist 2 convolution layer? pooling layer2l activation2

272 |# =2 0t= Keras model 244

273

274 # (1) HHAE= OI0IX 212N tensorz P&

275 |img_path = 'nice to know you-test.jpg' # HAEE =Xt & stE
276

277 |img = image.load_img(img_path, target_size=TARGET_SIZE) # PIL formatez 22127
278 |img_tensor = image.img_to_array(img) # Numpy Array2 #H 3

279 |img_tensor = np.expand_dims(img_tensor, axis=0) # X =JF (1, 32, 28, 3)

280 |print (img_tensor .shape)
281 |plt. imshow(img_tensor[0])
282 |img_tensor /= 255.

283
284 [#plt. imshow(img_tensor[0])
285 print(img_tensor)

286 plt.show()

287

288 # (2) YA BHE D (model) HOIH SOA,

289 # UZOl HI YOIHE SHLER Gl= M22 22 (0|22 activation_model 2) M A
290 # | @29 g2 ANAM 2HE 2L (model)o L s

291 |layerNoToSee = 6

292 |layer_outputs = [layer.output for layer in model.layers[:layerNoToSee]]

293 # Creates a model that will return these outputs, given the model input

294 |activation_model = models.Model (inputs=model.input, outputs=layer_outputs)
295

296 # HAEZ & IAS WASZ predict &l8ot0d 2 (activations)S €3
297 # Returns a list of five Numpy arrays: one array per layer activation
298 |activations = activation_model.predict(img_tensor)

299

300 # Al2tst




layer_names = []
for layer in model.layers[:layerNoToSee]:
layer _names.append(layer .name) # Names of the layers
images_per_row = 16 # 3t0 S =0l LIEtY J2ol e (16&/E)
#size_row = 32
#size_col = 28
# feature maps =

for

layer_name, layer_activation in zip(layer_names, activations):
# St layer (= featue map)0ll U= feature(ZH) %=
n_features = layer_activation.shape[-1]
print("2 & [Feature] 2= :",n_features)
#The feature map has shape (1, row_size, col_size, n_features).
size_row = layer_activation.shape[1]

size_col = layer_activation.shape[2]
print("=2 image3aJl [row, col] :",size_row, size_col)
n_rows = n_features // images_per_row # = =4

print("n_rows: ",n_rows)

# &8 ZHE €2 + Use g M4

# 0l: 30x26 312 feature map= 2= = ot ™ 30x26(Z A /SHE)x16(E/E)x2(&) => 60x416
filter_grid = []

filter_grid = np.zeros((size_row*n_rows, size_col*images_per_row))

#display_grid = np.zeros((size_row * n_rows, images_per_row * size_col))
print("filter_grid shape: ",filter_grid.shape)

# Tiles each filter into a big horizontal grid
for row in range(n_rows):
for col in range(images_per_row):
channel_image = layer_activation[O0,

row * images_per_row + coll]
#print (channel_image)
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mean = channel_image.mean()

print("Wnchannel EZ: ",mean) # feature E2gt
print("nchannel EEHX: ", channel_image.std())

channel_image —= channel_image.std()

channel_image /= channel_image.std()

channel_image *= 64

channel_image += 128

channel_image = np.clip(channel_image, 0, 255).astype('uint8")

#print("Feature map")
#print(channel_image

# 2 N0 =28 AXl &4F
rOW_POS = row*Size_row
col_pos = colxsize_col

# oY feature map2 N DU = At
#orint("row:{}, col:{}, row_pos:{}, col_pos:{}".format(row,col,row_pos,col_pos))
filter_grid[row_pos:row_pos+size_row, col_pos:col_postsize_col] = channel_image

a
g

DI—DI—Ol
===

H 2= &

T

o
e

T
0

FH H H*

window_name = str(layer_name)+" "+str(row*images_per_rowtcol)
cv2.namedWindow(window_name,cv2.WINDOW_NORMAL )
cv2.moveWindow(window_name,col*(size_col+100), row*(size_rowt200))
cv2. imshow(window_name,channe!_image)

print(filter_grid)
cv2.namedWindow("Filters",cv2.WINDOW_NORMAL)
cv2.moveWindow("Filters",500,200)
cv2.imshow('Filters', filter_grid)
key = cv2.waitKey(0)
if key == 27 :

break
cv2.destroyAl IWindows()
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398
399

scale_row = 1. / size_row
scale_col = 1. / size_col
scale_row = 1.

scale_col = 1.

plt.figure(figsize=(scale_col * display_grid.shape[1],
scale_row * display_grid.shape[0]))

plt.title(layer_name)

plt.grid(False)

#plt.show()

print("display_grid: ",display_grid.shape[0],display_grid.shapel[1])

print(display_grid)

#plt.imshow(display_grid, aspect='auto', cmap='viridis"')

#ov2. imshow('filters', display_grid)

plt.imshow(display_grid)

#cv2.waitKey(0)

cv2.destroyAl IWindows()



