1 #**********************************************************************************

2 #
3 #
4 1#
5#
6 #
7 H#
8 #

Image multi-classification using keras

conda create —-n generalimageclassifier tensorflow keras pillow pydot opencv

conda activate generalimageclassifier

pip install matplotlib <— ‘gt 'WIIX d=H M
AlSH(SHE): python generalimageclassifier.py train train 50
Al (HIAE): python generalimageclassifier.py test test

9 #**********************************************************************************

0#

OfeH 2F HIAE(&=)2 HHE http://keras.io ALOIENAM &=

import numpy as np
import os, sys, cv2

2
3
4
5/from keras import models

6 |from keras.models import Sequential, save_model, load_model
7 from keras.layers import Dense, Flatten, Dropout

8 |from keras. layers.convolutional import Conv2D

9 /from keras. layers.convolutional import MaxPooling2D

20 |from keras.preprocessing import image

21 |from keras.preprocessing.image import ImageDataGenerator, array_to_img, img_to_array, load_img

22 |from keras.cal Ibacks import ModelCheckpoint

23 |from keras.utils.vis_utils import plot_model

24

25/from PIL import Image # PIL: Python Image Library (pillow &XI)

26 |import matplotlib.pyplot as plt

27

28

29 los.environ['TF_CPP_MIN_LOG_LEVEL'] = '2' # HANEZS 2& warning HAMX =5 &X

30 # T2 AHAl "Your CPU supports instructions that this TensorFlow binary

31 # was not compiled to use: AVX AVX2" CtE0IH HINEZS SZ3 B gt B

32 #np.random.seed(15) # BN AMEHNE 22 ZUE 21 AS B2 AE

33

34 #TRAIN_FOLDER = 'train'

35 #TEST_FOLDER = 'test'

36 #EPOCH_NO = 300

37 ITARGET_SIZE = (64, 64)

38 |INPUT_SHAPE = (64, 64, 3)

39

40 #EHHHHHHHHHHH A

It sI58 &=

42 HEHHHH

43 |def train_from_folder (TRAIN_FOLDER = 'train', EPOCH_N0=300) :

44 #

45 #[0] 20 M43 28 (Class M4 =0l

46 #

47 total_folder_no=0

48 for _, dirnames, filenames in os.walk(TRAIN_FOLDER): # CHEL 2IAEQ MYUCIAES EZ bBtst
49 #total_file_no += len(filenames)

50 total_folder_no += len(dirnames)

51

52 total_class_no = total_folder_no

53 print("tn 28& Class % ",total_class_no)

54

55 #

56 # [1] Data Preparation

57 # st 23, HAEW AFEBE doleH =8l

58 # Z & https://keras.io/api/preprocessing/image/ (& 0{)

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

60 #

61 # ImageDataGenerator M &

62 # X&st Z2H0 M S22 & (augmented) CIOIE BiXI(batch, CIOIH f8)28 M4

63 # 22 OOIE gtol ZAH S0l 0~1 AtOl2 &gltog WY

64 train_datagen = ImageDataGenerator (

65 rotation_range = O, # A=2gt, random 3& A&

66 width_shift_range=0.2, # (1/3)& =gk 0ol) 22&F=L [-2, -1, 0, 1, 2] & '29o' Az gt

67 # (2/3)ala=gt: 0) 1.02CF 2 2.0 &2 [-2.0 ~ 2.0) A0l 2o a3t
68 # 1.02CH &2 a3t @ 0|0IXl JIZ22012 o HI2gt2HE shift
69 # (3/3)1XH& BiZgt: o) [-3, -1, 1, 3] OlM 2o gt

70 height_shift_range=0.0, # width_shift_range? OF&DIIX ZAICZ S&k0r 22 HE

71 brightness_range=None, # S20IL, FH2 A 2HAE: FOHA HAW Lo Holgt 22 shift
72 # al) [-5, +5] : 242 EJI2t0l 50 +5 ALOlSl o golgt orE O
73 shear_range=0.0, # AL BAIN gEo=z 2o T (degree) SHRI2 shearing & (shear™d)
74 # AP2E object > HHEAIHE, F>ERO0 E > U2

75 zoom_range=0.0, # al2=3t: [lower, upper] S Logto2 =y

76 # 12CH 223018 [1-a4gh, 1+a 23] AI0ISl 29 g Hg
77 fill_mode='nearest"', # 2LSE0I0IA BHZ HSeC dAHg 48 2y,

78 # {"constant", "nearest", "reflect" &2 'wrap'} = &tL

79 horizontal _flip = False, # A gtA

80 vertical_flip = False, # MO BN



81 rescale = 1/255.0, # et MZE (001K 2 A ZotJ dt= 38t)

82 data_format='channels_last' # 91IBV\ §F%’éc! W (~/.keras/keras.json)0ff XI&s 2 &&E

83 # Jl2&32 'channels_last' & —-> (samples, height, width, channels)

84 #validation_split= # Al4=gh: YZHO0IE =, validation2 0I0IXl GIOIE HIE ( 0~1 AFOIZE)

85 #featurewise_std_normalization= # Boolean: LM O0IHE '&i HOIEHMES EHRg'22 Us

86 #samplewise_std_normalization:= # Boolean: 2@ 2 0I0IXIE '2 LSO0I0IK otLIL BERF¢'22 Lis

87 #.... 20 O US

88 )

89

90

91 # [1-1] &&E OIO0IE (Augmentation) NIE M4

92 # AANZ2tSZ2 HOIE ZSLAIIHAM 'tensor image data®l S S(batch)' M4

93 # Gradient Descent : Ole] Gradientgts RF= 2L&Oz BI=20iAN S&o6tes 2 &g gy

94 # Batch Size : A1ZY WS W2t0IE 22 SHOIE otI ol HAM ZHOWAIII= MECOEHS %

95 # Hyperparameter : S-S Al AFE X & HollOF 6t 214 (batch_size, learning_rate...)

96 train_generator = train_datagen.flow_from_directory (

97 TRAIN_FOLDER, # Ol0IAl GIOIE DI SE0HU=E EHY

98 target_size=TARGET_SIZE, # OI0IXI 37| ERS (H2XIR)

99 batch_size=12, # =gt @ SSAl, WeightE HOO0IE ot 2tA2t2 HOIH M-S LIEY

100 # Stochastic Gradient Descent(=1): &t |t rat|on01| StLESl MZ0H ALE

101 # SISHSETE WE/X2 AUO0ERZ SEAIZF2 2 /noisy update2 Al

102 # Batch Gradient Descent(=N) : & Xl CIOIEf(N)OI CHEF Ofled HA & HOOIE

103 # StEHs £ SE/AHAMAIZ HS/E0 AHHE SS/H2e AE

104 # Mini-Batch SGD(<N) : 25 GIOIEf0l CHSt Ol H A £ Tiel0lH YO0lE (et

105 # AEYFOZ 32(ZTEHOZ UBLE ), 64, 128 S0l AI2E

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

107 class_mode='categorical ', # 2FLA  E5H52 AM8ole %A 23 (binary, categorical, sparse, None)

108 # CI&&E%-categorical, 0| E&-binary, 2 0[EHE: none

109 shuffle = True, # OOIE M8 =ME Y42 AKX Z3& (train:True, test:False)

110 - Olche OIOIE HE 2 &5, 48 ot5tH Je2giecse 488 -——r

111 )

112

113 #

114 # [2] Model Construction

115 # MFYO X MY

116 #

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

118 mode! = Sequential() # keradt M&dt= /gl?é‘jo* d ==

119 # Sequential: layer2t 2RIt &1, O:!%E layedt 2F2tGHLES &<

120 # Functional: QIEGIXl &2 layer2t HZ0| NARELD, S&s 2D MHA AIS

121 # (https: //maohlnelearmngmastery com/keras—functional-api-deep—learning/)

122 #UEs) AZE AWM layer MY

123 mode | .add(Conv2D(32, kernel_size=(3,3), activation='relu', input_shape=INPUT_SHAPE))

124 # HERE ZEHO M4 3200, a%ﬂe—@ dl0l0f 2F OI0IXI AJl= kernel_sizell 2ol Xisez 2HE

125 # kernel_size : 2X& HYERH 2= (2H)S JIZ2 M2 3D

126 # activation : 2t w&1o 435 &4 (linear, sigmoid, softmax, retifier(relu), ...)

127 # input_shape : 22 A IAJN(E,Z2,ME=), L2 HZE HHM EI|O|0101|/\-|DF MNE

128 # =2 Z=2 3x3 kernel_size2 Qloll 30x26 AJI2 0OI0IXl 32740t &

129 mode| . add(MaxPooI|ngZD(poo|_S|ze (2,2)))

130 # 2 00 AN 2x2 =, 4JH9| & A JIY 2 2 otuet 08 oz dY

131 # ()2 EA(2x2 SH)E2 OIMS fXl olsol RS &850 Jts

132 # (EU2)UHELS AJIE £01&, 20 AUz 2 A &50 Jloots 8ot 3the &F

133 # EES2 2x2 pool_sizegt2 =& Q2lall 15x13 AJ12| 0|0l Xl 3242t &

134 mode | .add(Dropout (0.2))

135 # stsg S3 Holeol HEE (Overfitting) e 2ME %I /A&

136 # XA H2(rate) COIEH 02 Uaz MEiE LCSo Qaigis AMEOR 022 A E

137 # LIOIXI CIOIElE OHA!l 1/(1-rate) 2t Bt2 SIF AMAHAAN &AM Lo &2 HolXl LA sttt

138 # SSAS AF2E ==, kerasOl A model.fit() AFZAl training 8t0l True LSt ®=E

139 # UERA size Hete 8lS

140

141 mode | .add(Conv2D (64, kernel_size=(3,3), activation='relu'))

142 # = S2 3x3 kernel_sizegt2 2 QIall 13x11 AJI12 OI0IXl 640t &

143 mode | .add(MaxPool ing2D(pool_size=(2,2)))

144 # EES2 2x2 pool_sizegt2x 2ol 6x5 AJ|2 OI0IXl 644IF &

145 mode | .add(Dropout (0.2))

146

147 mode | .add(Flatten())

148 #IXE Ao X FIt

149 # 28-S = 6x5x64 = 1920

150 mode | .add(Dense(64, activation='relu'))

151 # 2EELE5= 6404

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

153 #E22 L= Z A =02 104

154 save_model (model, 'classify_model.tf') # tensorflow H&E 2.x 8 EA02 H&

155 # 24 Mol EM(2Y X, weights, D9 z =g AE) HE

156 # model = load_model('classify_model.tf') &8t LULHER} weightE =222 M A2

157 # model .save_weights('myocr_model_weights.tf') & &8t weight2 &

158

1

59 # keras2l 2 2l S 22 2L o4& =9



print(model.summary())
#plot_model (mode!, to_file="model_plot.png', show_shapes=True, show_layer_names=True)

#
#

# [3] Configuring Training

# Ste WA OIE BA(ANSEY, cyEs

I

b

04
Jo
0x
I
0

NE) €3

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

[4] Model Training
SISHOIEHE 086t &AM &5

S

# =& SIS AIS model/weightsE MEGHHL SE £ &2 MIoH)| f6t0 MIAEAE &F
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/cal Ibacks/ModelCheckpoint

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

history= model.fit_generator(train_generator, steps_per_epoch=step_size_train,
callbacks = [checkpointer], #callbacks = [es],
validation_data=train_generator,validation_steps=step_size_train, epochs=EPOCH_NO)
# steps_per_epoch : 8t 2| epochOl Al X2l& batch |82 =
# epochs : steps_per_epochOil M &S 202 &5 AIIIH SHE12| epochIt &
# validation_data : &0 &HILAIIIA 212, 2 epoch F0ICH HEE2 2 lossat =
# history: Oi epochOtCt loss, acc, val_loss, val_acc g8t2 historydl H&

# HEE 2A weightE 2227
model . load_weights('best_weights.hdf5")

# 22 HOIH EM(2E X, weights, 2o x=3 &EH) M
save_mode| (model, 'classify_model.tf') # tensorflow H& 2.x

bal
oo %
o
>
0
Hy
_>“_
0

#
1

# [5] Model Evaluation
# St AEN B Ot

B
#

print('Wnxxxxxxxxxxx Evaluation Kk kK kKK AR )
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))

print('Wn[[[ &8t QIOIE G CHE predition & &2 - do=M2 &= ]]1]")
output = model .predict_generator(train_generator, steps=step_size_train)
print(output)

Jor

1]

#
# (matplotlib 2t0lEei2IE 0I85t() st&5S FSHT o &4 28 g JelZz =9
#

=

# JI== history 8t & ==> dict_keys(['val_loss', 'val_accuracy', 'loss', 'accuracy'])

print(history.history.keys())

# history 20l 22 dAEZ=2 =
plt.plot(history.history[ accuracy'])
plt.plot(history.history['loss'])

# = H=E =
plt.title('model accuracy & loss')

# 2AZ /0B y/x 52 2 0IE LiEtHE gt &
plt.ylabel('accuracy/loss")
plt.xlabel('epoch")

# 2% M- Hel &2

plt.legend(['accuracy', 'loss'], loc="upper left")
print("nE=25t2{H D2HZ =2 S ZOAL.#n")

plt.show()

# (7] (HHAES 2= OOIE 0l CHet) Hidden Layer Activation Al2t3t
#

2 A0 Oist 2 convolution layer2 pooling layer2l activation2
Z & ol= Keras model A4

FF

# (1) HHAE= 0I0IX 22124 A tensorz P&
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img_path = 'nice to know you-test.jpg'

img = image.load_img(img_path, target_size=TARGET_SIZE)
img_tensor = image.img_to_array(img)

img_tensor = np.expand_dims(img_tensor, axis=0)
print(img_tensor .shape)

plt.imshow(img_tensor[0])

img_tensor /= 255.

#plt.imshow(img_tensor[0])
print(img_tensor)

plt.show()
#(2) YN HE 22 (model) IOIH SOHA,
# AEO FI HOIHE E8LE2 ot ME22 2¢
# 0] 2o gaEa ANA HE 2 (model)2l &t
layerNoToSee = 6

layer_outputs =

activation_model =

# HAES

Ak

PN
=4

-

Hr

At

02

o

# PIL formatez 22 27|

# Numpy Array2 #H3&
# XY =DF (1, 32, 28, 3)

P

activation_model 2)

[layer.output for layer in model.layers|[:layerNoToSee]]
# Creates a model that will return these outputs, given the model
models.Model (inputs=model.input, outputs=layer_outputs)

input

# HAES 23 JAS WA predict A5 2D (activations)E 28
# Returns a list of five Numpy arrays: one array per layer activation

activations = activation_model.predict(img_tensor)
# A3t

layer_names = []

for layer in model.layers[:layerNoToSee]:
layer_names.append(layer.name) # Names of the layers

images_per_row = 16 # 3o

#size_row = 32
#size_col = 28

# feature maps =

for layer_name, layer_activation in zip(layer_names, activations):

# S layer(= featue map)0l U= feature(ZH) =

8 =0 UEtE Ogel = (16&/E)

n_features = layer_activation.shape[-1]
print("2&f [Feature] %= :",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("&& image3aJ| [row, col] :",size_row, size_col)
n_rows = n_features // images_per_row # = ==

print("n_rows: ",n_rows)

# 84X ZHE €28 = U=s g 44

# 0ll: 30x26 2J12| feature mapS 2= =2 ot H 30x26(
filter_grid = []

I

=

Al
=

/

et&

)x16(&/E)x2(E) => 60x416

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[0,

row * images_per_row + coll

#print(channel_image)

s
rior

#

# SAUS Yoo SHE ELEst A= B0IEZ2, IS8t 0~255 AMOIgte =2
#

mean = channel_image.mean()

print("Wnchannel Z: ",mean) # feature B3t

print("nchannel == Xt: ", channel_image.std(
channel_image —-= channel_image.std()
channel_image /= channel_image.std()
channel_image *= 64
channel_image += 128
channel_image =
#print("Feature map"
#print(channel_image

# 2 N0 =2

rOW_POS = rOW*Size_row

AR HE

))

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



320 col_pos = colxsize_col

321 # oY feature map2 MM U = At

322 #porint("row:{}, col:{}, row_pos:{}, col_pos:{}".format(row,col,row_pos,col_pos))
323 filter_gridlrow_pos:row_post+size_row, col_pos:col_postsize_col] = channel_image
324

325 #

326 #2240 ZHY 2 &4

327 #

328 window_name = str(layer_name)+" "+str(row~images_per_rowtcol)
329 cv2.namedWindow(window_name, cv2.WINDOW_NORMAL)

330 cv2.moveWindow(window_name,col*(size_col+100), row*(size_row+200))
331 cv2. imshow(window_name,channel_image)

332

333 print(filter_grid)

334 cv2.namedWindow("Filters",cv2.WINDOW_NORMAL)

335 cv2.moveWindow("Filters",500,200)

336 cv2.imshow('Filters',filter_grid)

337 key = cv2.waitKey(0)

338 if key == 27 :

339 break

340 cv2.destroyAl IWindows()

341 t

342

343 t

344 scale_row = 1. / size_row

345 scale_col = 1. / size_col

346

347 scale_row = 1.

348 scale_col = 1.

349

350 plt.figure(figsize=(scale_col * display_grid.shape[1],

351 scale_row * display_grid.shape[0]))

352 plt.title(layer_name)

353 plt.grid(False)

354 #plt.show()

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

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

358 #cv2. imshow( ' filters',display_grid)

359 plt.imshow(display_grid)

360 #cv2.waitKey(0)

361 t

362

363 cv2.destroyAl IWindows()

364

365

366 #itHHHHHHHHHHHHHHHHHHHHHHEHEHEHAHE A
367 # HHAEZ &4

368 HHHHHHHHHHHHHHHHH AR
369 def test_from_folder (TEST_FOLDER = 'test')

370 test_datagen = ImageDataGenerator(rescale = 1/255.)

371 # HHAEZ OOIEM ot OH&IEXIZ CI0OIEH ME M4

372 test_generator = test_datagen.flow_from_directory (

373 TEST_FOLDER, target_size=TARGET_SIZE, batch_size=1, shuffle = False, class_mode='categorical')
374

375 model = load_model('classify_model.tf") # tensorflow HH&E 2.x & &alez 9 J|

376 #

377 # [6] Model Prediction

378 # HAE OIOIEM CHS ol =

379 #

380 pr]nt(‘Wn*********** Prediction ***********‘)

381 np.set_printoptions(formatter={'float': lambda x: '{0:0.3f}"'.format(x)})

382 # A& 0|6t 3Xtel NHXL =

383

384 print(test_generator.class_indices)

385 # 2 ZCJF LE(ZHM) StHD2l H0IE (class)E 2l0loteXl &

386 #{'0':0, "1': 1, '2': 2, '3':83, '4': 4, '5':5 '6':6, '7':7, '8":8, '9": 9} £
387

388 cls_md = "Class Mode: "+test_generator.class_mode

389 print(cls_md)

390 # =285 = 2L 25 =2 @ Class Mode: categorical

391 # Categirocal : Ol2l A&t tel22I0ff CHall 0~1 AtOlQl gt &=,

392 # 230 MY 2 SAHAE HEs @22 2tx0ot= &4

393

394 step_size_test = test_generator.n // test_generator.batch_size

395

396 print('#n[[[ BIAE CIOIEIO CHE predition ¥ =& - Z20Y Loid=c=z = ]]]")
397 output = model.predict_generator (test_generator, steps=step_size_test, verbose 1)
398

399 #



400 # HAE OOIEHO et 27 2% 25 =06

401 #

402 test_filenames = []

403 for file in test_generator.filenames : # =22 ol HAEZ IIYLH 2IAE O
404 test_filenames.append(file)

405 #print(file)

406

407 for no in range(len(output)) :

408 print("Wnl[",no+1, "] M OIOIXl ", test_filenames[no], " O CH&t &5 Z0t")
409 print('#t', output[nol) # oA EHE & =

410 maxValIndices = [i+1 for i, x in enumerate(output[no]) if x == max(output[no])]
411 print("WtH AtS &2 "end = ')

412 print(maxVal Indices)

413

414

A5 HHHHHHHEHEHEHEHEE main #HHEHHHHEHEEEEHHEHEHEHEHHEHHHHA

416 |i f __name__ == '__main__'

417 if len(sys.argv) > 1 and sys.argv[1] == 'train'

418 train_from_folder (sys.argv[2],int(sys.argv[3]))

419 elif len(sys.argv) > 1 and sys.argv[1] == 'test'

420 test_from_folder (sys.argv[2])

421 else :

422 print('Usage: python recogkorean.py train/test folder_name")



