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# -— Data Reading -——---——-—-——— -
# data_n = input('\n Data Name --> )
data_n = "WaveShaping_Data_1024_5000_191217-0229.pik’
print(\n < Data >\n ",data_n)
with open(data_n, mode="rb’) as f:
test_graf=pickle.load(f)
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< Pass Figure >
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< NG Figure >
1st = input, 2nd =
Fig 44
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redict
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Fig 254 , error 0.111452356
Fig 282, error 0.11420366
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< model output >

Print the model shape? yorn-->y

Printed --> Shaping_1024_5000_Unt_bt20ft32ep160_191212-0803.png
Save the model?yorn --> y

Saved --> Shaping_1024_5000_Unt_bt20ft32ep160_191219-0803.h5
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O e Model Build Function -----------------ommmmmmm oo

10 import numpy as np
11 from keras.layers import (Input,

12 Conv2D,

13 MaxPooling2D,

14 Conv2DTranspose,
15 concatenate,

16 UpSampling2D

17 )

18

19 from keras.models import Model
20 from keras.callbacks import EarlyStopping
21 from keras.regularizers import 12

22

23 def unet(input_shap,nb_filt,reg_f):
24

25  <U-NET EF)L=/ERL >

26

27  input_shap : AJIDF
28  nb_filt : BRHDT+)LFE BIEE(Cx1x2x4x8x16x8x4x2x1
29  reg_f: L2-regularizer DREE

32 n_conv =3
33 k_size =3
34 n_strid = 2

36 print("\n This is U-NET 1x2x4x8x16x8x4x2x1")
37 print(' 12_reg = ',reg_f)

39 input = Input(shape = input_shap)
40 X =input

42 # Pre Conv
43 X = Conv2D(nb_filt,

44 kernel_size=(21,21),

45 strides=(2,2),

46 activation="relu’,

47 padding="same’,

48 kernel_regularizer=12(reg_f)
49 )X)

50

51 X = MaxPooling2D(pool_size=(3,3),
52 strides=(2,2),
53 padding='same’
54 )X)

55

56 # U-Net

57 convl = Conv2D(nb filt,

58 (n_conv,n_conv),

59 activation="relu’,
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padding='same’,
kernel_regularizer=12(reg_f)
) (X)

convl = Conv2D(nb_filt,
(n_conv, n_conv),
activation="relu’,
padding='same’,
kernel_regularizer=12(reg_f)
) (conv1)

pooll = MaxPooling2D(pool_size=(3,3),
strides=(2,2),
padding='same'
)(conv1)

conv2 = Conv2D(nb_filt*2,
(n_conv,n_conv),
activation="relu’,
padding='same’,
kernel_regularizer=12(reg_f)
)(pool1)

conv2 = Conv2D(nb_filt*2,
(n_conv,n_conv),
activation="relu’,
padding='same’,
kernel_regularizer=12(reg_f)
)(conv?2)

pool2 = MaxPooling2D(pool_size=(3,3),
strides=(2,2),
padding='same’
)(conv?2)

conv3 = Conv2D(nb_filt*4,
(n_conv,n_conv),
activation="relu’,
padding='same’,
kernel_regularizer=12(reg_f)
)(pool2)

conv3 = Conv2D(nb_filt*4,
(n_conv,n_conv),
activation="relu’,
padding="same’,
kernel_regularizer=12(reg_f)
)(conv3)

pool3 = MaxPooling2D(pool_size=(3,3),
strides=(2,2),
padding='same’
)(conv3)

conv4 = Conv2D(nb_filt*8,
(n_conv,n_conv),
activation="relu’,
padding='same’,
kernel_regularizer=12(reg_f)
)(pool3)
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conv4 = Conv2D(nb_filt*8,
(n_conv, n_conv),
activation="relu’,
padding='same’,
kernel_regularizer=12(reg_f)
)(conv4)

pool4 = MaxPooling2D(pool_size=(3,3),
strides=(2,2),
padding='same’
)(conv4)

conv5 = Conv2D(nb_filt*16,
(n_conv,n_conv),
activation="relu’,
padding="same’,
kernel_regularizer=12(reg_f)
)(pool4)

conv5 = Conv2D(nb_filt*16,
(n_conv,n_conv),
activation="relu’,
padding="same’,
kernel_regularizer=12(reg_f)
)(conv5)

up6 = concatenate([Conv2DTranspose(nb_filt*8,
(k_size, k_size),
strides=(n_strid,n_strid),
padding="same’,
kernel_regularizer=12(reg_f))
(conv5),conv4
J.axis=3)

convée = Conv2D(nb_filt*8,
(n_conv,n_conv),
activation="relu’,
padding='same’,
kernel_regularizer=12(reg_f)
)(up6)

convée = Conv2D(nb_filt*8,
(n_conv,n_conv),
activation="relu’,
padding='same’,
kernel_regularizer=12(reg_f)
)(conv6)

up7 = concatenate([Conv2DTranspose(nb_filt*4,
(k_size, k_size),
strides=(n_strid, n_strid),
padding="same’,
kernel_regularizer=12(reg_f))
(conv6),conv3
1, axis=3)

conv7 = Conv2D(nb_filt*4,
(n_conv,n_conv),
activation="relu’,
padding='same’,
kernel_regularizer=12(reg_f)



182 )(up7) 243 kernel_regularizer=12(reg_f)

183 244 )(X)

184 conv? = Conv2D(nb_filt*4, 245

185 (n_conv,n_conv), 246 Y = Conv2D(1,

186 activation="relu’, 247 (n_conv,n_conv),

187 padding='same’, 248 padding='same’,

188 kernel_regularizer=12(reg_f) 249 kernel_regularizer=12(reg_f)

189 )(conv7) 250 )(X)

190 251

191 up8 = concatenate([Conv2DTranspose(nb_filt*2, 252 model = Model(inputs=[input], outputs=[Y])

192 (k_size, k_size), 253

193 strides=(n_strid, n_strid), 254 return model

194 padding='same’, 255

195 kernel_regularizer=12(reg_f)) 256 o
196 (conv7),conv2 257 # MACHINE LEARNING PROCESS

197 l,axis=3) 258 Ao
198 259

199 conv8 = Conv2D(nb_filt*2, 260 import matplotlib.pyplot as plt

200 (n_conv,n_conv), 261 from sklearn.model_selection import train_test_split

201 activation="relu’, 262 import pickle, time

202 padding="same’, 263 from datetime import datetime

203 kernel_regularizer=12(reg_f) 264

204 )(up8) 265 # - OPeNING ~----===- -
205 266 now = datetime.today().strftime('%y%m%d-%H%M")

206 conv8 = Conv2D(nb_filt*2, 267 s_time = time.time()

207 (n_conv,n_conv), 268

208 activation="relu’, 269 # gpu selection

209 padding='same’, 270 gpu_n =2

210 kernel_regularizer=12(reg_f) 271

21 )(conv8) 272 # start print

212 273 print("\n== Start: MACHINE LEARNING FOR WAVEFORM SHAPING_ ',
213 X = concatenate([Conv2DTranspose(nb_filt, 274 now,'=="

214 (k_size, k_size), 275 s_time = time.time()

215 strides=(n_strid, n_strid), 276

216 padding='same’, 277 # --- Data Reading --------========= == e e e s
217 kernel_regularizer=12(reg_f)) 278 #data_n = input('\n Data Name --> ')

218 (conv8),conv1 279 data_n = 'WaveShaping_Data_1024_5000_191217-0229.pik’

219 ].axis=3) 280 print("\n < Data >\n ‘,data_n)

220 281 with open(data_n, mode="rb") as f:

221 # Post Conv 282 test_graf=pickle.load(f)

222 X = Conv2D(nb_filt, 283

223 (n_conv,n_conv), 284 # data import

224 activation="relu’, 285 dim = 1024 # test_graf['para'][0]

225 padding='same’, 286 d_nu = len(test_graf['out'])

226 kernel_regularizer=12(reg_f) 287

227 )(X) 288 if np.max(test_graf['data'][0,:]) == 255:

228 289 nor = 255 # case of gray data

229 X = UpSampling2D(size=(2,2))(X) 290 else:

230 291 nor =1  # case of monochro data

231 X = Conv2D(nb_filt,(n_conv,n_conv), 292

232 activation="relu’, 293 X = (1-test_graf['data']/nor).astype(np.float16) # black-white reverse
233 padding='same’, 294 Y = (1-test_graf['out']/nor).astype(np.float16)

234 kernel_regularizer=12(reg_f) 295

235 )(X) 296 del test_graf

236 297

237 X = UpSampling2D(size=(2,2))(X) 298 # data split

238 299 x_train, x_test, y_train, y_test = train_test_split(

239 X = Conv2D(nb_filt, 300 XY,

240 (n_conv,n_conv), 301 test_size = 0.1,

241 activation="relu’, 302 train_size = 0.9,

242 padding='same’, 303 random_state = 0
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)
del X; del Y

print("\nLearning Process Start ...")

# --- Model BUilt --------- - e

# itaration parameter
n_epoch =300
n_batch =20

n_stop =30

n_filter = 32

legf =1e-5
flag_ver =0

# model built
input_ = x_train.shape[1:]
model = unet(input_, n_filter, leg_f)

# parametor print

print("\n Learn_n ' len(x_train),', Test_n =',len(x_test))

print(' max epoch ‘,n_epoch)
print(’ filter ="' n_filter)
print(' batch size =",n_batch)
print(’ e-stop = ',n_stop)

# oo Model Compile -----------------mmm o

## Optimizer adam
optimizer = ‘adam’
print("\n Opimizer : adam’)

## Optimizer adam
optimizer = ‘adam’
print("\n Opimizer : adam’)

## Optimizer SGD + Momentum

from keras.optimizers import SGD

optimizer = SGD(decay=1e-6, momentum=0.9, nesterov=True)
print("\n Opimizer : SGD + Momentum’)

# loss setting
loss = 'mean_squared_error’
print(' loss  :'loss)

# Compile
if not gpu_n ==1:
# Multi GPU
print("\n',str(gpu_n)+'-GPU RUNNING °)
from keras.utils import multi_gpu_model
parallel_model = multi_gpu_model(model,gpus=gpu_n)
parallel_model.compile(loss = loss,
optimizer = optimizer,
metrics = ['accuracy']
)
else:
#1-GPU
print("\n 1-GPU RUNNING ")
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model.compile(loss = loss,
optimizer = optimizer,
metrics = ['accuracy']

)

early_stopping = EarlyStopping(monitor = ‘loss’, patience = n_stop)

#oeeee Model Fit ----==--em e m oo oo e

if not gpu_n ==1:
# Multi GPU
hist = parallel_model.fit(x_train, y_train,
epochs = n_epoch,
batch_size = n_batch,
validation_data = (x_test, y_test),
verbose = flag_ver,
callbacks = [early_stopping]
)
else:
#1-GPU
hist = model.fit(x_train, y_train,
epochs = n_epoch,
batch_size = n_batch,
validation_data = (x_test, y_test),
verbose = flag_ver,
callbacks = [early_stopping]
)
#ooeeee Predict and evaluation ----------===== =
# predict

predict_ = (model.predict(x_test,batch_size=n_batch))
# error
dif = np.absolute(y_test-predict_)

diff = np.reshape(dif,(-1,dim*dim))
y_t = np.reshape(y_test,(-1,dim*dim))

"y_test & Predict DED D] Z\

y_test DFSANTE D IAEZRZEDFHIMEL T D

*floatl6DFEFEZ EE&HBEZBI TCLEDDT32(C

err = np.sum(diff,axis=1)/(np.sum(y_t.astype(np.float32),axis=1))

sl_level =0.1
pass_list = []
ng_list =]

foriin range(0,len(y_test)):
if err[i] < sl_level :
pass_list.append(i)
else:
ng_list.append(i)

# exe.time

n_ep = len(hist.history['loss'])

e_time = time.time()

print(‘"\n... Finished. Exe_time (s) = ',
'{:6.2f}' .format(e_time - s_time),
,n_ep="n_p)

# -oo ReSUILS OUE-=-- - oo

# loss and accuracy
print(‘\n < loss and accuracy >')
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n_ep = len(hist.history['loss'])

print(’ loss =','{:4.2e}".format(hist.history['loss'][n_ep-1]),
', acc =','{:4.3f}" .format(hist.history['acc'][n_ep-11))

fig = plt.figure(figsize=(7,7))

plt.subplot(2,2,1)

x_ep = range(len(hist.history['loss']))

plt.plot(x_ep,hist.history['loss'])

plt.plot(x_ep,hist.history['val_loss'])

plt.yscale(‘log’)

plttitle("loss and val_loss",fontsize=15)

# plt.ylim(0.0001,1)

plt.subplot(2,2,2)

x_ep = range(len(hist.history['acc']))

plt.plot(x_ep,hist.history['acc'])

# plt.yscale('log’)

plt.title("accuracy"”,fontsize=15)

plt.ylim(0,1.1)

plt.show()

# correc rate

print("\n < Correct predict rate > ')

correct_rate =len(pass_list)/len(y_test)

print(' cpr =','{:6.4f}' format(correct_rate),
‘(len(pass_list),'/", len(y_test),"),sl=",sl_level)

# compatrison of figure

print("\n < Pass Figure >')

fig=plt.figure(figsize=(16,12))

n==6

n_list=np.random.choice(pass_list, n)

# print(" figure number = ",n_list)

print(’ 1st = input, 2nd = predict, 3th = target - predict’)

foriin range(n):
nn = n_list[i]
print(" Fig ',nn,’, error ‘,err[nn])
ax = plt.subplot(4,n,i+1)
plt.imshow(np.reshape(1-x_test[nn,:].astype(np.float32),

(dim,-1)),cmap="gray’)

ax.get_xaxis().set_visible(False)
ax.get_yaxis().set_visible(False)

ax = plt.subplot(4,n,i+1+n)
plt.imshow(np.reshape(1-predict_[nn,:].astype(np.float32),
(dim,-1)),cmap="gray’)
ax.get_xaxis().set_visible(False)
ax.get_yaxis().set_visible(False)

ax = plt.subplot(4, n, i+1+n+n)
plt.imshow(np.reshape(1-dif[nn,:].astype(np.float32),
(dim,-1)),cmap="gray’)
ax.get_xaxis().set_visible(False)
ax.get_yaxis().set_visible(False)

plt.show()

print("\n < NG Figure >')
fig=plt.figure(figsize=(16,12))
n==6

n_list=np.random.choice(ng_list, n)
# print(' figure number = ",n_list)
print(’ 1st = input, 2nd = predict, 3th = target - predict’)

487 foriin range(n):

488 nn = n_list[i]

489 print(" Fig ',nn,’, error ‘,err[nn])

490 ax = plt.subplot(4,n,i+1)

491 plt.imshow(np.reshape(1-x_test[nn,:].astype(np.float32),
492 (dim,-1)),cmap="gray’)

493 ax.get_xaxis().set_visible(False)

494 ax.get_yaxis().set_visible(False)

495

496 ax = plt.subplot(4,n,i+1+n)

497 plt.imshow(np.reshape(1-predict_[nn,:].astype(np.float32),
498 (dim,-1)),cmap="gray’)

499 ax.get_xaxis().set_visible(False)

500 ax.get_yaxis().set_visible(False)

501

502 ax = plt.subplot(4, n, i+1+n+n)

503 plt.imshow(np.reshape(1-dif[nn,:].astype(np.float32),
504 (dim,-1)),cmap="gray’)

505 ax.get_xaxis().set_visible(False)

506 ax.get_yaxis().set_visible(False)

507

508 plt.show()

509

510 # --- Model Print and SQve --------====== == m oo
511 print("\n < model output >")

512 mp_flag = 'n'; ms_flag = 'n’

513

514 m_para = 'Unt_bt'+str(n_batch)+'ft'+str(n_filter)+'ep'+str(n_ep)
515 model_n = 'Shaping_'+str(dim)+'_"+str(d_nu)+'_'+m_para+'_'+str(now)
516

517 # model shape print

518 mp_flag = input(’' Print the model shape? y orn-->")
519 ifmp_flag=="y":

520  from keras.utils import plot_model

521 plot_model(model,

522 to_file = model_n+".png’,

523 show_shapes=True)

524 print(' --> '+model_n+'.png’)

525 else:

526  print(' ... Not Printed ')

527

528 # model save

529 ms_flag = input(' Save the model? y or n --> )

530 ifms_flag =="y":

531 model.save(model_n+'.h5")

532 print(' --> '+model_n+".h5")

533 else:

534 print(' ... Not Saved ')

535

536 # END of Code

END







