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ABSTRACT

A Study on Signal Format Generation for Optical Wireless

Communication Link using Deep Learning

Hwang, Yong Woon

Advisor : Prof. Lee Chung Ghiu Ph.D.
Dept. of Electronic Engineering,
Graduate School of Chosun University

Many state-of-the-art technologies, such as Cloud Computing, Al(Artificial Intelligent),
IoT(Internet of Things), and VR(Virtual Reality), have been developed rapidly with
communication systems. Out of various communication systems, OWC(optical wireless
communication) having advantages in viewpoints of high-frequency band, security of
information, and free allocation frequency, which makes at a promising a next-generation
communication. However, the performance of OWC suffered from deteriorating channel
effects. Thus, appropriate signal formats for OWC channels are needed.

In this thesis, I propose a DL-based signal format generation/recommendation system for
OWC links. The system incorporates a physical optical channel model and deep learning
neural network for generating signal sets for binary OWC system. It is simulated by a
computer with assumed physical conditions for OWC. In this study, I specifically focus on
generating signal sets for a parallel LED array to decide binary symbols (HIGH and LOW)
for binary communication by classifying the recovered image pattern at the charge-coupled

device(CCD).
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5 W4 LED g9 Sl sldsts 2x29 dolo dd s AT 1 A
sk k& Up sampling A4F 2 LOS A4S FalA FAl7]o s He FeE AL
shal AE Gl wmol=E Frhete] AE o|m[ x| ©lo|H 7t F¥HET o] o] FgE
= YL Decoder’t Wl WAAE o S3t7] f18] 2’5 FH Sk 1Al oo o 3F
o EATFE ANt Adu dugFe Vvt R st HAs daugFs T
AEE stEAZIin. olelgh 3 e whEstH FAg-gale] Az ek A zatel] s
Al 47 HAslE = W3 LED #4135 E Encoder’t AAE 4 UA HH, Decoders=

el A E = heA sEgE shaeiA dh

)
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Phase 1
Training and Autoencoder
. . Pattern
Testing Data > layers *» Leaming AE g .
- s = generation
generation initialization =
Phase 2
BER vs
Pat.tem * Testing AE * standard power » Pattern sroups
candidates = . recommendation
analyzing

[2% 512 Hed 7IHE FAZFEA A A =g A 4]

HOED AA dolE R HAE delHE ARk ABY 1EA @ES Z78
sti 44T dolH JweR gt F28 d5ue £& 4% LED 4
$, AEES 7453 9 AUES Ao oA ABES] EAE 2]

%
3} stal Aj2& AEE SteAlZlth o RS ALK wHEetH fEEe] fFRIES
H
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CHOSUN UNIVERSITY
A2 FAFEA EGFHA Ao £ 74

1 A B ol Egdel Tz S o] FAHEU. 2x29 LED H)
d9 4

Aol HE "ol FAMFZEAolY. CCDE T4 A7 &= 28><28(pixels)0]1:]-_

LEDs

Recerver

[Z2¥ 521 ¥3E LED wjd FA354
Alzwle] 7skst gz
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[2® 52.2 FA7]A A
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A 32 AutoEncoder®} EZAEd=9 AAFAY A4

ATl FAE Jed e TR v 2o AAEA

Encoding network
Layer (s)llll;glelt Activation
1* layer Fully-connected M x 1 ReLU
2" layer Fully-connected 16L* x 1 ReLU
3™ layer Convolutional (M filters, 3-by-3) 4L x 4L ReLU
4™ layer Max-pooling (2-by-2) 2L x 2L -
5™ layer Convolutional (2M filters, 3-by-3) 2L x 2L ReLU
6" layer Max-pooling (2-by-2) L x L -
7™ layer Convolutional (M filters, 3-by-3) L x L ReLU

[ 531 Q1ad HEAA F+x]
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Physical channel layers

Layer Output shape Activation
8" layer LOS propagation T X T -
9" layer Additive white Gaussian noise T xT -
[ 532 =9 ALds9 =]
Decoding network
Layer Output shape Activation
10" layer Convolutional (2M filters, 5-by-5) T xT ReLU
11" layer Max-pooling (2-by-2) T2 x T2 -
12" layer Convolutional (2M filters, 3-by-3) T2 X T/2 ReLU
13" layer Max-pooling (2-by-2) T/4 < T/4 -
14" layer Fully-connected M x 1 ReLU
15" layer Fully-connected M x 1 Softmax

[3 533 tad e 7x]

o714 T F417]19] CCDO MTE 9nlshH 28x28¢] vl CCDE &2 <A+

A AFEEPom R TE 280 Uk

LED®] &7 2x2 Ftol Up-samplingsS 3Fo] 28 x28= W33tal =& Ad oA

LEDS] We] =] thd LOS # Q4+ @ o= §F e Friw

DNollA = dl=gAae 2= e ojvA s FA7= o

= g AAAE dF e
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Package Version
Keras 215
Keras-Applications 1.08
Keras-Preprocessing 1.1.0
numpy 1.16.5
openpyxl 302
matplotlib 302

[2¥ 6.1.1 A3 glo]Befz] B ]
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# keras 2HI|Edic

from keras, lavers import Input, Oense, Reshape, Flatten, Activation. #
BatchMormal ization, Dropout, concatemate, Conw2D, MaxPooling2D, UpSamplingZ0

from keras.models import Model

from keras import backend as K

from keras import optimizers

from keras. layers import Laver, |nputdpec

from keras.utils import to_catedorical

import os

os.environ] "PATH™] += os.pathsep + "C:/Program Files (xB6)/Graphviz?.38/bin/’

from keras.utils import plot_mode

[29 6.1.2 Keras g}o|E 88 ZE=

=a| A& 208 d
import numpy as np
from numpy import array
from nunpy import pi
import random

# 1= 2 Ed 2l
import matplotlib.pyplot as plt
import matplotlib.cm as cm

F o4 ZH0Ege
import openpysl

f rom openpyxl . chart import LineChart,Reference
from openpyx| . drawing, image import Image

[19¥ 6.1.3 7€} Folr ey IE=
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class owchuto:
def __init__{self.M =2, gen_number = 2#10++5, trainina_num = 10=+5):. ..

def generating_data(se!f,Pt, no_plist, dataname):...
def merging_datalse!f. input_name_list, output_name):...
def los(self, P_total=1, L=28):...

# chains neural network lavers
def encoder(se(f):...

def channel(se(f,=): ...

def decoder(self.x):...

def fit(se!f,autoencoder, epoches,batchsize):. ..

def fit_history(selfli. ..

def testing(self,autoencoder): ...

def training_sample(s=|f,autoencoder, Total_epochs, mini _batch_sized:. ..

def testing_samplelse|f,autoencoder):. ..

def one_input_laver_output_test(self,autoencoder,M, input!, start laver,endlaver):. ..

def two_input_laver_output_test{self,autoencoder, T, inputl, inputd, start laver, endlaver):. ..

def validate(se!f,autoencoder): ...

[ 621 W S 3= 5]
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class owchuto:
def __init__{=elf,M = 2, gen_number = 2+10++5, training_num = 10++5):
# generates data parameter
self M=H
selt . aen_number=gen_nomber

self L =2
self. T =28

self training_num = training_num
self . train_rate = &0
self test_rate = G0

[1% 622 W< S =738 WA=
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def generating_data(se!f,.Pt, no_plist, dataname):
data_list=[]
noise_list=[]

gen_number = self . gen_number

M=self.H
T=self.T
L =self.L

training_num= self.training_num
train_rate = self . train_rate

e e e B e

¥ los

P_rec_list =[]

self . P_rec_total = self.los(Pt, T
e e e

for i in range(0, gen_number):
data = random, randint{0,M-13
data_list.appendidata)
P_rec_list.append(self .P_rec_total)
noise = np.random. normal(no_plist{0], no_plist[1], T=T)

noise_matrix = noise.reshape([T.T,1])
noise_list.append{noise_matrix)

[1% 623 &1 tlely A wAax=l]
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one_hot = to_categorical (data_list)
total_traing_data = one_hot[0:training_num]
rate = round(training_num+t rain_rates/100)

self . x_train = total_traing_data[0:rate]
self.w_validation = total_traing_data[rateitraining_num]
self.u_test = one_hot[training_num:gen_number]

los_traing_data = P_rec_list[0:training_num]
self.los_train = los_traing_data[0:rate]
self. los_validation = los_traing_data[rateitraining_num]

self. los_test = P_rec_list[trainina_num:gen_number]

#o0lZ (= 00
noise_trainga_data = noise_list[0:traininga_num]

self.noise_train = noise_traing_data[0:rate]

self.noise_validation = noise_traing_data[rate:training_num]

self.noise_test = noise_list[training_num:gen_number]

np.savez(dataname, x_train = self . x_train, @ validation = self.x_validation, x_test = self .x_test,

los_train = self los_train, los_walidation = self,los_validation, los_test = self.los_test,
noise_train = self . noisa_train, noise_validation = self.noise_validation, noise_test = self .noise_test)

[2% 624 &3 dloly A4 wix=2]
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3 def los{seif, P_total=1, T=28):
196 theta = T

197 al = -np. lagl0{2)
188 w2 = np. logl0({ne.cos(theta + np.pi / 1680.))

190 a=nl / n?

20 Adet = np.array(le-4)

2002 Ts =1
203 index = 1.5
204 FO¥ = B0 » pi / 180
205 G_Con = np.sauare( index) / ne.sin(FOV)
207 Ix = 28
08 Iy = 28
208 Iz =215
210 h=2.,15
211
212 AT =[-8, 6]
213 ¥T =[-8, 8]
215 Hi = 1w ]
216 MWy = 1y » |
17
218 #=np.arangel-Ix /2, x4 2, Ix /W)
219 v = np.arangel-ly / 2, 1y /2, 1y /W)
220 ¥R, YR = np.mesharid(x, v, sparse=True)
2
gy P_rec_total = np.zeros((Mx, My))
273 Hh = np.ful I{{Hx. Ny}, h)
for i in XT:
226 far j in ¥T:
2T X = ¥R = np. full{{M=, Ny}, i)
o8 0¥ = YR = np. ful (M, W), §)
224 O = np.sart (0N o+ 2 « DY ++ 2 + Hh «+ 2)
250 cosehi A1 = Hh / DI
231 HoAD = (i + 1) * Adet + (cosphi Al = (m + 1)) 7/ (2 + pl + (D1 #+ 2))
252 P_rec = P_total + Ts + G_Con + H_AI
238 P_rec_total = P_rec_total + P_rec
2534

o3 P_rec_total = P_rec_total.reshape([T, T, 11}
e return P_rec_total

(18 625 LOS 42 wA=
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# chains neural network lavers
def encoder(z=|f):

M=sz1f .M
L=self.L
T=self.T

self.input_img = Input{shape=(W.), name = "orignal_input™) # 0 laver
% = Dense{M)(s=I1 . input_img)

% = BatchMormal izat ion ){x)

¥ = Activation( relu” )(x)

% = Dropout (0. 13(x=)

% = Densel 162LsL){x)

# = BatchMormal izat ion{){x)
w = fctivation( relu” ){x)

% = Dropout (0. 13(x)

% = Reshape((d+L, 4+, 133(x)

¥ = Conw2DiM. (3, 3). padding="same’ )(x)
% = BatchMormal izat ion{){x)
# = Activation( relu’ J(x)

% = MaxPool ing20{{2, 2}, padding="same” )(x)

% = Conv2D{2+H, (3, 3). padding="same”)(x)
% = BatchMormal izat ion() (=)
w = fdctivation( relu’ J{x)

% = MaxPool ing2D{ {2, 2), padding="same” )(x)
® = Comv2D{1, (3. 3). padding="same’ )(x)

# = BatchMormal izat iong J{x)

self.x = Activation( relu” )(x) & 20 layer

[2¥ 6.2.6 Encoder MW AX
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= AE9 14 842l Decoder MW AX o]t}

def channel(self,:):

L = self.L
T=self.T
w o= UpSanpling20({int(TA), int{TAIN(zelf v & 21 laver

self . los_ima = Input(shape=(T,T,13, name =" los_input ") # 22 laver
w = concatenatel[=, self. los_img])
so= mymulLaver((T, T,200 (=) & 24 laver

self . noise_img = Input{shape=(T,T,.1), nane = "channel_input ") # =5 laver
4 = concatenate([x, self.noise_ima])
self . s = mysumlawer((T,T,2000x) & 27 laver

[2d 627 =2AES MaE]

def decoderiself, x):

M=selfd

w = Conw2002+M, (5, B), padding="same () # 25 laver
% = BatchMormalization( (=)

W= dotivation relu” (=)

¥ o= MaxPooling200(2, 23)(x)

% = Conw20CM, (3, 3), padding="same ()
# = BatchMormalization( (=)
W= Activation relu’ )«

¥ = MaxPooling20{ (2, 2))(x=)

w = Flatten{)(x)

W o= Dense(M, activation="relu (%)

self,decoded = Dense(M, activation="sof tmax )(x) & 35 laver

[Z23 6.2.8 Decoder WA=
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def fit{self,autoencoder,epoches, batchsize):

self.hist = autoencoder.fit{{ orignal_input ™ arrav(self.x_train)
“los_input " array(self. los_train),
‘channel _input " arrav(self . .noise_train)},
arrav(self . x_train),

epochs=epoches,

batch_size=batchsize,

shuf f le=True,

vl idat ion_data=( [array(sef . x_validation),
arrav(self . los_validation),
array(=elf . noise_validation)].

array(self . < validation)))

def fit_history(self):
plt. subplotiZ211)
plt.plotiself . hist . history] "loss™], label="loss™)
plt. legend()
plt.title( loss™)
plt.subplot(212)
plt.plotiself . hist.history] "acc’], label="training accuracy”)
plt.plotiself . hist . history] "val_acc™], label="validating accuracy )
plt. legend()
plt.title{ accuracy”)
plt. tight_lavout()
plt.show)

def testing(zelf,autoencoder)
# evaluates network
loss, self.acc = autoencoder.evaluate([array(self . x_test),
arrav(self. los_test),
arrav(self.noise_test)],
arrav(self . w_test))
print{"READ] HEL: {H HIE format(100+self . acc))

[29 629 Held UEHD dA9 vt Fd 9 HAE wmi4E]
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2 wlolE & dZse] Zelehs aselth

def testing_samplelse!f,autoencoder):

# input, output sample data
ids = np, randon., randon_integers(0, s=0f . 9en_number-s21f training_num)
whest = array(self w_test[idx])
wtest = wtest,reshape([1, self.M])
lostest = array(self, los_test]ids])
El lostest = np.expand_dims(lostest, 0)
410 noisetest=array(se|f noise_test]idx])
noisetest=np expand_dins(noisetest,0)

413 y = autoencoder, predict ({ ‘orignal_input ! xtest,
114 “los_input " lostest,
115 ‘channel_input " noisetest})

list=[]
117 for i imy[0]:
14 list. append(int(i+1003)
420 return xtest, lostest, noisetest, list

[219 6210 AA MEYZ ¢d H2E HixE]
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def one_input_laver_output_test({se!f ,autoencoder M, input 1, start layer,endlaver):
endlayer+=1

# Before charnel effect
if isinstance(M, int):
input_imgl = Input (shape=(M, )}
elif isinstance(M,list):
input_imgl = Input(shape=(M[0] M[1].M[2]))
else:
raise print( type error: one_input_layer_output_test function requires type int or list™)

A_layer = input_imgl

for laver in autcencoder. layers|start layer :endlayer] :
h_laver = laver(A_laver)

smatrix = Mode!{input_inal, A_laver)

y = smatrix.predict(inputl)

#amatrix, summary()

return vy

de

-

two_input_layer_output_test(se|f ,autoencoder,K, input!, input2, start laver,endlayer):
endlayer+=|

inputC = Input{shape=(K.K,1})
inputD = Input(shape=(K.K,1))

f = concatenate([inputC, input0])

flayer = f

for laver in autoencoder. lavers|startiaver:endlaver]:
flaver = laver(f layer)
forint(f laver)

fmodel = Model([ inputC, inputD], flaver)
f_data = fmodel .predict([inputl, input2])

#mode | . summary()

return f_data

[29 6211 2959 @4 4y % o]F 4 H2E viax]

=
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class mysumlaver(Laver]):

def __init__(=elf, units,

513 axis = -1,

514 ++lwargs):

515 if “input_shape’ not in kwargs and “input_dis’ in kwarss:
kwargs| " input_shape’] = (kwargs.pop(’ input_dim’),)

517 superimysumLayer, self), __init__{++kwargs)

zelf.units = units

zelf ,axis = axis

self,input_spec = InputSpecimin_ndin=2)
) zelf . supports_masking = True

&l def build(zelf, input_shape):
dim = input_shape[self, axis]
if din is None:

‘ raise YalusError{ Axis * + str{zelf axis) + ~ of °

528 “input tensor should have a defined dimension °
‘but the layer received an input with shape * +
str(input_shape) + *.7)

zelf, input_spec = |nputSpecimin_ndim=Z, axes={-1: dim})

self . built = True
super{mysumLavar, =elt). build{input_shape) # EHAM &5 0O 25

537 @] def call(self, inputs, *++kwargs):

538 input_shape = K. int_shape( inputs)
output=inputs[:, @, 0] +inputs[:, 0, 0 0]
output =K expand_dims{output,3)

541 return output

G | det compute_output_shape(se!f, input_shape):
E44 output _shape=input _shape[ 13]+(1,)
return output_shape

(1% 631 #2~€ nfo]A= s = g ]
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547 class mymulLaver(Layer):

def __init__{self, units,

S50 axis = -1,

551 wkkWaras)

if "input_shape” not in kwargs and " input_dim" in kwargs:
553 kwargs[ " input_shape’] = (kwargs. pop( input_dim’),)

554 super(mynulLayer, seif), __init__(++kwaras)

E5R self.units = units

zelf.axis = amis

553 self, input_spec = Input3pecimin_ndin=2)

554 self supports_masking = True

T | def build(self, input_shape):

dim = input_shape[self . axis]

563 if dim is None:

564 raise YalueError{ Axis ' + str(self.axis) + * of °

“input tensor should have a def ined dimension °
SEE ‘but the layer received an input with shape ' +
- str(input_shape) + *.")

self.input_spec = |nputSpecimin_ndin=2, axes={-1: dim})

571 zelf . built = True

super(mymullaver, self).bulld{input_shape) # EHM & 0 &8 THIIUMNZ
s7a @] def call({self, inputs, ++kwargs):

575 input_shape = K. int_shape( inputs)

576 output=inputs]:, . 0]*inputs]:,:,:,1]

577 output=K.expand_dims{output,3)

return output

def compute_output_shape(self, input_shape):
output_shape=input_shape[ :3]+(1,)
582 return output_shape

(18] 632 A2E nlo]AH FoAA =

il
=
i
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.

class ExcelControl:

def __init__{zelf):
self .wb = openpyx |l Workbook( )
self . sheet = self wh,act ive

def excel_read{self, reading_path,name):
if os.path.existsi{reading_path + name):
listh=[]
listB=[]
self.wb2 = openpy:l . load_workbook( reading_path+name)
self.sheet? = self wbZ.active
number_row = Se2lf  sheets ., max_row
number_column = self.sheet?.max_column
for row in range(l, number_row+l)
for col in range(l, number_column + 1)
listh.append(self . sheetd. cel {colunn=col, row=row).valug)
listB. append(|isth)
listh=]]
return |isth
else:
raise print{"Error: excel read”)

[29 6.3.3 A Ao] S]]
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def excel_save(self,name, |ists, genrating_path="",n=1, | inkcolnumber=0, | inktext="same ", blanknun=0, de lcolnunber=Hone)
#nS FJIE ST ol HAMES G5, O E5TF GFH o A
# linkcolnowber2 hyperlink MAE, OFE= s0HE 3 312
self . blanknum=blanknum+1
self.lists=lists

for list im celf.lists:
self sheet append( | ist)

for i in range(l,=elf . blanknum)
self . sheet .append([])

self. linkcolnumber = Iinkcolnumber - 1
if self.lirkcolnunber == -1:

pass
else:

if linktext == "same’:

self . excel _hyperlink(ze(f . inkeolnumber, s2 11, Linkco | number)
if linktext == "diff":
self . exwcel_hvperlinki=e!f. | inkcolnumber,self . linkcolnumber+1)
if not delcolnunber == Hone:
for i in delcolnunber
se|f,sheet . delete_cals(i)

if n==
rhile 1:
if not oz path. exists{genrating_path + name + "_(Xd).x1sx” ¥ n)
self wh,savelgenrat ing_path + name + "_(Xd).xlsx” ¥ n)
break
else:
n+=1
elge:

self . wh.save(genrat ing_path+name+ " _(Xd) .=1sx"%n)

[2% 634 44 Alo] S8=2]
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def main_auto_encoder(train_dataname):

load_lavername = “save_layer_80_n.h5"

save_lavername = “save_layver_80_n.h%"

genrating_traindata = False
loading_traindata = True
meraing = False

weight_load = True
fit = False

only_testing = True

sample_train = False
sample_output_test = True

data_save = True

M_list = [2]

power_|ist = [20, 40, 60, 80, 100, 120]

fpower_|ist = [B0]

#no_pl ists = [[0.5, 0.05].[0.6, 0.05],[0.7, 0.05),[0.8, 0.05].[0.9, 0.05

no_plists=[[0.9, 0.05]]

(2% 641 HQ 35 = gevg AA FE]
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B10 total_data_lists = []

511 for M in M_list:

£12 oa = owchuto(M, gen_number=8:10:+4, training_nuw=4+10++4)

£13 for power in power_list:

E14 for no_plist im no_plists:

£15

B1E dataname = “savez_ + strino_plist[0]) + _"+ str(power) + ".npz’
B17 flayername = “save_layer_" + strino_plist[0]) + ".hS" #<0|= HE MAT M4
B18

g14 if genratina_traindata == True:

£20 oa.generat ing_data(power, no_plist, dataname)

B> else:

£22 pass

624 if meraing == True:

625 load_data_name_I ist=]]

E26 for power in power_list:

627 for no_plist in no_plists:

628 load_dataname = “savez_" + str{no_plist[0]) + "_" + stripower) + ".npz’
629 load_data_name_| ist .append( |oad_dataname)

530 print{load_data_name_list)

631 oa.merging_data( load_data_name_l ist, train_dataname)

g32 else:

B33 pass

E34

B35

36 if loading_traindata == True:

B37 load_traindata = np. load{train_datanawe)

£38 o8, % _train = load_traindatal "x_train’)

€39 oa.%_validation = load_traindatal "x_validation’)

B40 oun.x_test = load_traindata] "x_test’]

541 oa.los_train = load_traindatal “los_train’)

542 oa. los_val idation = load_traindatal “los_validation’]

43 oa. los_test = load_traindatal " los_test”]

644 oa,noise_train = load_traindatal "noise_train’]

£45 oa.noise_validation = load_traindatal noise_validation’]
546 oa.noise_test = load_traindata ‘moise_test’]

£47 load_traindata.close()

[2¥ 642 T lY A A%, FA7] & 287 1E]
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oa. encoder( )
oa . channel {oa.x)
oa,decoder(oa.x)

autoencoder = Model (inputs=[oa. input_img, oa.los_ima, oa.noise_ima], outputs=oa,decoded)
plot_model (autoencoder, to_file="model.png’, show_shapes=True)

# sets neural network
adam = optimizers.Adam{ Ir=0.001, beta_1=0.9, beta_2=0.999, epsilon=None, decay=0.0, ansarad=False)
autoencoder , compi le{opt inizer=adam, loss="categorical_crossentropy’, metrics=[ "accuracy’])

# load weights
if weight_load == True:

autoencoder . load_weishts( load_lavername)

autoencoder , summary()

if fit == True:
oa.f it {autoencoder, epoches=1000, batchsize=1000)
# oa.fit_history()

autoencoder ., savel save_ layernans)
oa ., test ing{autoencoder)

if only_testing == True:
oa., test ing{autoencoder)
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if sanple_train == True:
oa.training_sample{autoencoder, Tota|_epochs=2, mini_batch_size=10)
# oa.validatef)

if sample_output_test == True:

caunt = 0

data_lists = []

shile count <= ¥-1:
[xtest, lostest, noisetest, result] = oa.testing_sample(autoencoder)
v = oa.one_input_laver_output_test(autoencoder, M, inputl=xtest, startlaver=1, endlayer=20) # encoding output
¥2 = oa.one_input_laver_output_test{autoencoder, [2,2,1], inputl=y, startlaver=21, endlayer=21)
f_data = oa.two_input_layer_output_test{autoencoder, K = 28, input] = y2, input? = lostest, startlaver = 24, endlayer = 24) # los output
f_data? = oa.two_input_layer_output_test(autoencoder, K = 28, inputl = f_data, input? = noisetest, startlayer = 27, endlaver = 27) # output
p = oa.one_input_laver_output_test{autoencoder, [28,28,1], inputl=f_data?, startlaver=28, endlayer=38) # [ecoding output

[28 644 /W 24939 &8 olux] A3 5 HAES Holy A 4]

vdata = v[0, @, @, D].reshape([1, 4])

pit.subplot(3, 1, 1)
vdata2 = ¥2[0, !, . 0].reshape([28, 28])
plt.inshow(ydata2, cmap="gray’, interpolation="nearest’)

plt.subplot(3, 1, 2)
f_data = f_datal0, :, :, 0].reshape{[28, 28])
plt.inshow(f_data, cmap="gray”, interpolation="nearest’)

pit.subplot(3, 1, 3)
f_data2 = f_dataZ[0, :, :, 0).reshape{[28, 28])

pit. imshow(f_data2, cmap="gray’, interpolation="nearest”)

plt.show{)

datal = np.array([no_plist[0], no_plist[1],

xtest[0, 0], xtest[D, 1],

vdata[0, 0], wdata[D. 1], wdata[D. 2], wdata[0, 3]. oa.acc])
datal = list(datal)

if not datal im data_lists:
count += |
data_lists.append(datal)

for data_list in data_lists:
total_data_lists.append{data_list)

if data_save == True:
genrat ing_path = “C:/Users/chosun/Desktop/&LL_0OHE/1_SysteaStrategy/2_method/Autoencoder/result2/"
EC1 = ExcelControl()
EC1.ewcel _save( "data_save ., total_data_lists. genrating_path)

Acc = 0d.acc
return acc

[28 645 /W 24939 &8 olux] A3 5 HAES} Holy A42]
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¥ if __name__ == "__main__":
#datalist=[ 'savez_0.9.20, npz’, "'savez 0.9 40,npz’, 'savez_0,9 60.npz’, "savez_0,9.80.npz’, "savez_0.9.100,¢
datalist = [ "savez_0.9_80.npz"]
weiaght_list = []
acclists(]

for data in datalist:
acc = main_auto_encoder(data)

word = data.split{"_")

power = int{word(2].replacel” .npz"," "))
acclist.append( | ist([power, acc]))
print{acclist)

genrating_path = “C:/Users/chosun/Desktop/ALL_ONE/1_SystesStrategy/2_method/Autoencoder/”

ECZ = ExcelContral()
ECZ.excel _save( result’”, acclist, genrating_path)

[Z2¥ 651 A3 Ao} & AT A3 A s=]
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