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# type and directory
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B, 8
axgain MERETHMO. B 0 ANEGDT 7 AL, xe: xBORSED -5 | Bauthor: TKONO
T AR HEE sz: BIRDOKRE, 18, 11
prd_ol: RSB LBRDT  y0: yEIDIASRD 12 import cv2
AME & 13 import numpy as np
B =, 14 from PIL import Image
ye:yBlDI& D 15 from datetime import datetime
I 16 from keras.models import load_model
17 from keras.preprocessing.image import img_to_array
» SHY H . 18
linedel Bijs DRV BREH £ ADER imgray: Hi7) 8l 19 import digtizer_lib.dig as dg
= e 20
21 # o Digitizer Function -------====------mmo o
22 def digitizer(ff_n,dim):
23
6. 2005 LURDBM 24 " EESINED S JEHROR A MBS SR >
25
27005 A RZLDHT 26 ffn:ERIT7AILE
27 dim : dimension
28 o
— N 29
6.1 2’095 L% (Waveform__Digitizer.py) 30 #oee BHR T 77 JUDOPEN —-neemmemememsamemememeamamemememeesamemememeaeememes
31 im_ = Image.open(ff_n)
= 32 sz =im_size
33
1. 1-20 17: BAtA I L L )
3-10 7: BRI A > b 35 print(Name:'ffn)
12-19 4T EZ 1 —JLDA >H— ~ ??;g print(‘iamge size:',sz[0],'x",sz[1])
2. 21-306 7: digitizer(J 5 J 2 HIBIL T SBI) 38 #—emee T T =1L
24-28 1T BIAOA > b 39 #XFOHIBR
30-36 T IR T 7 1 ILDA—T> 40  wo_txt_im = dg.txt_elim(im_0.05,0)
38-52 1T: XM, BAEE B E ORTILE 41 o
54-77 1T: [BisR - BHEDFHHED 42| #AREROHR L o
79-159 17 BHSIETANIE :113 wo_cont = dg.contandline_detect(wo_txt_im[0],1)
161-204 17: 95 T DiRFEAREEGRHERD 45  # B - [REMREEE EEROD B
206-270 1T: HZDEMEL 46 mxmi =15 # RGB T®D Max-Min D UZE L ME
272-278 17 BAEE%E EHER D T — ST 47 mx =200 #HSV(RGBT® Max) O value D L=\ ViE
280-282 17 Bt DT 48  col_bk = dg.rgb_mxmi(wo_cont, mxmi, mx)
284-305 1T: HBEF— 5 DIRIF 50 £ BB £B S Dl
3. 307-447 ‘I 7E’jf§iﬁ{b®¥? . 51 line_data = dg.color_separation(col_bk,f_n,0.3,now,0)
313-3134T: EZ 2 —I)LDA 2 R— b 52 col_n = line_data['para'][2]
318-322 17: RLALIE 53 )
324-341 17 #EEF)LoO— R 54  #--- R EBR S DFAELD --mmmmmmmm oo
343-361 17 EHROEERR &38R 55 print("\n> Orign-position and Axis-length Read ‘)
g N i 56
363-422 17: E5ERI & #UBEL N
- 57 # 1> HEIE
424-445 1T SEROHS 28 g fac = ?5
447 17: END 59 g_corr = dg.gamma_corrct(im_.convert('L'),g_fac)
60
61 #UboX
1 # -*- coding: utf-8 -*- 62 re_ = cv2.resize(g_corr[0],(dim,dim),cv2.INTER_LANCZOS4)
2 63
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arr_1024 =1 - np.reshape(re_ (1,dim,dim,1))/255

# FBEFTILICELB5HAHED

prd_ol_= orgaxl_model.predict_on_batch(arr_1024)

prd_ol = (np.concatenate([prd_ol_[0],prd_ol_[1]],1))*(dim-1)
prd_ol = prd_ol.astype(np.int16)

print(' Origin point = ','{:3.0f}".format(prd_ol[0,0]),
"' "{:3.0f} .format(dim-prd_ol[0,1],)

)

print(' Axis length =','{:3.0f}'.format(prd_ol[0,2]),
",','{:3.0f}".format(prd_ol[0,3])
)

T —

print("\n> Shaping of Waveform *)

# 2 EAIE ‘ .
" EBODT S I EROIE 1) LED 0.001 LITFDIHE
elode correction ZF&19 3
if line_data['para‘l[3] < sz[0]*sz[1]*0.001:
en =1
else:
en=0

# NUZTEUHALX
color_data =[]
for i in range(0,col_n+1):

color_line = np.reshape(line_data['data'][i],
(dim,dim,1)
)

# NU=>D
im_tr = color_line[(dim-prd_ol[0,1]-prd_ol[0,3]):
(dim-prd_ol[0,1]),
(prd_ol[0,0]):
(prd_ol[0,0]+prd_ol[0,2])]

# U X

im_re = cv2.resize(im_tr,
(dim,dim),
cv2.INTER_LANCZOS4
)

# BS5A > DHERHIBFEEA
ifi == col_n:
im_re = dg.linedel(im_re)

# WAEHD NS>
BRI X,V B LUHHEOM B D ERET D
SLBIS dim/50 DRREZ S N THICED DR

ddp=int(dim/50)

ifi== col_n:
im_re[0:ddp,0:dim]=255
im_re[0:dim,0:ddp]=255
im_re[dim-ddp:dim,0:dim]=255
im_re[0:dim,dim-ddp:dim]=255
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186

array = np.reshape(im_re,(dim,dim,1))

# 2RI
itth =en #iEDRUMDOE
ngh  ='n4" # FiEEIKMELD 7 n4 or n8
ifit_.n ==
color_data.append(array)
else:
er_array = np.reshape(dg.erode(array,0,it_n,ngh),

(dim,dim,1)
color_data.append(er_array)

# IEFL EBERER
color_data = (1 - np.asarray(color_data)/255)

# ?E’%?‘f} L2 U CRAZEERZ

"FHEET)LEEA bt?éﬂ?(zt%i*()d)?ﬂ:i@ﬁ]?’éo B2 IGERT3E

MERSAEHEHUTCUEDREEBHERANAREZTITETBDH

color_data = shap_model.predict_on_batch(color_data)

color_data[col_n] = shap_model.predict_on_batch(np.reshape(color_data[col_n],
[1,dim,dim,1]))

# BTS2 DRBEHRAD
lpn =1
for ii in range(0,col_n+1):
# line point count
S DR Ipn (CUXHR
Il = (np.reshape(color_datalii,:],
(dim,-1))).astype(np.uint8)
Ip_ = np.count_nonzero(ll[:,50:dim-50])
Ipn.append(lp_)

E i (2 A Y
print("\n> Line Number Read ‘)

# AL DFAHED Ddimension($3602DTES 1 > F—Fa2UHA XIS
col360=[]
for j in range(0,col_n+1):
c_data= cv2.resize(color_datalj],(360,360),
cv2.INTER_LANCZOS4)
col_ar=img_to_array(c_data).astype(np.uint8)
col360.append(col_ar)

# Z2BEFTILEZFOE U TR ZSRHED

col360 = np.asarray(col360)

predict._ num = np.round(In_model.predict(col360))
lin_nu = np.argmax(predict_num, axis=1)

# BS51OEFETHE
" EBSA S ORENET A A 0.2 LU THODREN dim * 2BUTF
DBEFBESAETA > ERDIRN
if not col_n == 0:
print(' Line point number =",Ipn)
Ip_ave = sum(lpn[0:col_n])/col_n
# print(Ip_ave)
if Ipn[col_n] <= Ip_ave*0.2 and Ipn[j] < dim*2:
lin_nu[col_.n] =0



187 print(' * Black-line dose not exist ‘) 248 elif lin_nu[j] == 2:

188 ng_bk = Ipn[col_n] 249 # 2R HZDEUEL

189 else: 250 predict_line = model2.predict_on_batch(data)
190 ng_bk =0 251

191  else: 252 # ZEED DT —F% nan (CEIR

192 print (" Black line only. ") 253 for ii in range(0,lin_nu[j]):

193 ng_bk =0 254 predict_linelii][0,0:srt] = np.nan

194 255 predict_line[ii][0,stp:dim] = np.nan

195  # BS54 > OFEHA 256

196 "BISAODEREN IRNTOBSA 2 ORBDFEHEDI/BUTT. 257 |_data.append(predict_linelii])

197 MDOZDEENDim x 15U T DED(ES A > &8RN 258

198 259 elif lin_nu[j] == 3:

199  for j in range(0,col_n): 260 # 3R DOEUETL

200 if Ipn[jl< Ip_ave/3 and Ipn[j] < dim*1.5: 261 predict_line = model3.predict_on_batch(data)
201 lin_nu[j] =0 262

202 print(' * Color '+str(j+1)+' has no enough data ') 263 # ZEEED DT —4 % nan (CEHR

203 264 for ii in range(0,lin_nu[j]):

204 print(' Line Number = ",sum(lin_nu), ', *,lin_nu) 265 predict_line[ii][0,0:srt] = np.nan

205 266 predict_linelii][0,stp:dim] = np.nan

D TR 3 {7 267

207 print("\n> Digitalizing of Waveform ') 268 |_data.append(predict_linelii])

208 269

209 |_data =[] 270 |_data = (np.asarray(l_data)).T

210 # line read 271

21 for j in range(0,col_n+1): 272 #ooeem X,YEHODEF 2 5B D T — D ZHHIE T D ---mmmmmmmmmmmmmm oo m oo
212 data = np. reshape(color_data[j,:,:,:],(1,dim,dim,1)) 273 # EREBEDFHERD

213 if lin_nu[j] =0 274 gain = dg.axgain(ff_n,sz,prd_ol)

214 )ﬁH/ODEE(; BEAFREITDHEE. CDZEED x DEZEDITD 275 #57— /S’g

215 XBIC, yHREICEOHRINESTE. CORiIN 0L IE T+ hEnNEE 276  xd = np.linspace(gain[0],gain[1],dim)

216 D x UBZZEHERRT 277  yg = abs(gain[3]-gain[2])/1

217 278 y0 = gain[2]

218 aa = (color_datalj,:,:;,01*255).astype('uint8')/255 279

219 y_s = np.zeros([dim]) 280  #----- BB SR DFFA - -~ m e
220 foriin range(O dim): 281 relblty= dg.wf_eval(wo_cont,prd_ol,|_data,ng_bk,col_n,lin_nu,dim)
221 y_sam = sum(aal;i]) # YABRICHIIZEED 282  print(’ Reliability =','{:3.2f}'.format((relblty)[0]))
222 ify_sam <=1.: 283

223 # /J\f-faj Z(F\EHITD 284 # e FERZESVI T AILE UTRTF —-mmmmmmmm e
224 y_slil = 285 print("\n> Data Save ')

225 else : 286 val_save = 'y'

226 y_s[i] = y_sam 287 "if relblty[0] < 0.4 :

227 288 print(' * Reliability is wrong.")

228 # ERIDEBEDEBD DDA >FT WV IR str R DTS 0-str 289 val_save = 'n'

229 srt = np.amin(np.where(y_s != 0)) 290 # val_s = input(’ Save data to csv file? yorn --> )
230 # BRIDZEBDIBED DA >FT v I X stp ZREDITSD s t p-dim 291

231 stp = np.amax(np.where(y_s != 0))+1 292 if val_save =="y":

232 293 ydata = (1-l_data[0:dim,0,0: sum(lln nu)])*yg+y0
233 else: 294 xydata = np.insert(ydata,0,xd,axis=1)

234 srt=0 295 np.savetxt(ff_n+'.csv',

235 stp = dim 296 xydata,

236 297 delimiter=",",

237 *‘*“JET)L%‘: ,Laftlj L CTEMiEe 298 fmt ='%.4f',

238 if lin_nu[j] = 299 )

239 #14KS ﬁx@?ﬂ 1t 300 print(* The waveform datas were saved *)

240 predict_line = modell.predict_on_batch(data) 301

241 302 else:

242 # ZBERED DT —4S % nan ([CEHR 303 print(' The waveform data were NOT saved ')
243 predict_line[0,0:srt] = np.nan 304

244 predict_line[0,stp:dim] = np.nan 305 return

245 306

246 |_data.append(predict_line) 307 # oo

247 308 #



309
310

3M
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314
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317
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320
321
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325
326
327
328
329
330
331
332
333
334
335
336
337
338
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348
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350
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354
355
356
357
358
359
360
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367
368
369

# Execution of Digitizing

import os,time

EHRD 7 AILOERIZEITUL. FURICERUITIHA(E digtizer ZIFUH UEE(LZ1T

# oo OPENING === oo oo oo oo o o
now = datetime.today().strftime('%Y/%m/%d/%H:%M:%S")

s_t = time.time()

print("\n< Run: 1024x1024 Waveform Digitizer ver-a_',now,'>")

dim =1024

# - FBEFILONUH L
#FBETIE

orgaxl ="'./model/OrgAx|_1024.h5'
shaping = './model/Shaping_1024.h5’
linnum ='/model/LineNum_360.h5'

line_1 ="'./model/Digitizer_1-
line_2 ='./model/Digitizer_2
line_3 ='./model/Digitizer_3
fig_sel = './model/FigSelectio

#FBET)LOO— R

lin_1024.h5"

-lines_1024.h5'
-lines_1024.h5'

n_256.h5’

orgaxl_model = load_model(orgaxl)
shap_model = load_model(shaping)

In_model = load_model(linnum)
modell = load_model(line_1)
model2 = load_model(line_2)
model3 = load_model(line_3)

fig_sel_model = load_model(fig_sel)

T S —
# EHROTEEET 1 L NUDISE

f_type = ".png’

print("\n Search figure type :',

directory = 'E:/test'
print("\n<',directory,'> Serch
loop =0

list=[]

# DI DEBRDIRZR

f_type)

Start ...")

for root, dirs, files in os.walk(directory,topdown = False):

for name in files:

if name.endswith(f_type) :
list.append([root,name])

loop = loop+1

# BRY R bOERL

out_list = np.asarray(list)

#oee BEff7Z =R U CEUBEL
t_.n = len(out_list)

ngr=0

ngf=0

error =[]

ok list =]

370
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375
376
377
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379
380
381
382
383
384
385
386
387
388
389
390
391
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393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410

41
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429

for n in range (0,t_n):
# BRI 71)LA
f_n = out_list[n][1]
ff_n = out_list[n][0]+'/' +out_list[n][1]

try:
“file ' RITIRVSETE., DIBRZEHIT

# E{R T 7 -1)LDOpen
gray = cv2.imread(ff_n,0) # Gray image
sz = gray.size

#UH4X
re_256 = cv2.resize(gray,(256,256),cv2.INTER_LANCZOS4)
# BEUREERZ S IERME N O HERER
arr_256 = 1 - np.reshape(re_256,(1,256,256,1))/255
# FREF)LEFUH Uiz 5
p_n_ = fig_sel_model.predict_on_batch(arr_256)
p_n = np.argmax(np.round(p_n_,0))
except:
pass
pn =9

now_now = datetime.today().strftime('%Y/%m/%d/%H:%M:%S")

# ESEELL

"'p_n= 1 FUG(CED LEHRE U TEIBILEITD
p_n= 0: FRIBILDEIR & U TEHIBILZ1THDIaN
p_n=9: J7 A ILIGDHRMN D Iz, BB ZITHORLY

ifpn==1
try:
"B TerrorDNFEAE UTZIBE. error logZmFiT U CTUIBZRIE L, ROEBEBRANED

# EISEEL
digitizer(ff_n, 1024)
ok_list.append([ff_n])

except:
pass
# Error log
log_ = str(now_now)+' | ========= Digitizer ERROR ===========
"+str(ff_n)

error.append([log_])
ng._r = ng_r+1

elifp_.n==9:
log_ = str(now_now)+' | ========= File Read ERROR =========== | "+str(ff_n)
errorappend([log_])
ng_r = ng_r+1

else:
log_ = str(now_now)+' | This file does not fit in my standard | '+str(ff_n)
errorappend([log_])
ng_f = ng_f +1

#ooeeee TR DE & 8D —-mmm oo
# IS—Z=I1>5—OJT7AMILICEEDD
import csv
with open(directory+'/Error_log.csv','w’) as f:
writer =csv.writer(f lineterminator="\n")
writer.writerows(error)



430 #OK J7AMILDUR NEIT7AILICEEDHD
431 with open(directory+'/OK_list.csv','w') as f:
432 writer =csv.writer(f lineterminator="\n")
433 writer.writerows(ok_list)
434
435 # HITHFRE
436  print("\N-------mmm oo D)
437 e_t = time.time()
438 print('\n ... Finish. Exe.Time = ','{:6.2f}'.format(e_t-s_t),'s")
439
440 # fEROBELR N
441 print("\n PNG file Number: ',t_n,
442 \n OK:'len(ok_list),
443 \n Out of standard:',ng_f,
444 \n Error:,ng_r
445
446
447 # END of Code
6.2 dig.py
i
1. 1-35 17: B4R

O OWoONOOODAWN

-

i S N S S Sy
OCONOAOUVTAWNIDSIOOVONOUTAWN

2-1947: X
21-34 11 EZ2—ILD1>2R—

. 36-107 1T: text_elim(J S TN BSAREBRXF. HFZHET DHEE)

. 109-131 1T: gamma_corrct(BH§ICH > Y REIEZETT D B8%X)

. 133-188 1T: erode(B{RICRE - ARMIEZ1T S EIER)

. 190-259 1T: rgb_mxmi(}1> — & EfEisZ Dk I DE%K)

. 261-508 1T: color_separation(EHRMD B R 1T S BEEX)

. 510-619 1T: contandline-detect(”/ = T S J 13 & ONIERIAZ % 5H A 9 D BEEN)
. 621-728 17: wf_eval(FUBLFERDFHEZ 1T S Ba%Y)

. 730-921 1T: axgain(EHDEi Z 5t HEX D BEK)

. 923-988 1T: linedel(#H/a & DRWVEREEE I D)

990 17: END

# -*- coding: utf-8 -*-

Created on Jan.15,2020 / Fixed on Jun.18,2020

< Waveform Digitizer CIFUH SN2 Z1ERI%K >
/ Final version: Jun.18,2020, to Takada-san

Text Delete Function

Gamma Correction Function
Erosion Correction Function
Color/Black Separation Function
Color Separation Function

Inner Figure Delete Function
Dizitization Evaluate Function
Axis Gain Read Function

Line Deleat Function

@author: T.KONO

import cv2

import numpy as np

from PIL import ImageDraw,Image
import matplotlib
matplotlib.use('Agg’)

from matplotlib import pyplot as plt
import pickle

import pyocr, pyocr.builders

import sys,re

from tesserocr import PyTessBaseAPI
from tesserocr import RIL

from keras.preprocessing.image import array_to_img

def txt_elim(f, alf, sw):

< tesserocrz LT, IS TRDTHR MEEET DEE >

AR AA=ZT7AIL
alf : tEIBZ IR T DAST S
sw : JOwv RTBINESHDIA W F 1yes, else:no

HHimage : TFANEERDA-T 7 1)L
boxes : T+ X hDAIE

psm option:

THFX COIERIAE P SEDOEHEZRA (0SD) LTS
0SDd D TOCR ([AlEx U =Bk (IC ExtIit L COCRAT)

OSD/2 L TTHX hOMERIAEIFIREREHS (OCRIAL)
OSD7:LTOCR (7 )L hDRIE(LT)
HF|([CETFEETFEFRTFANSAIAADREU272EDEBFELTOCR
ME=DFEEEFO>ENXEELEELTOCR
BEZTDFEEFOEXEELEELTOCR

—{TDOXEEIBTE L TOCR

—HEEECBELUTOCR

Ao (C—BEN B BDIEETOCR (O, @12E)

10 —XFEEELUTOCR

" JEFZRICEY TEDRTEERNICETN S NEZOCRTHIS
12 OSDH D TTETBEERAICEFTIDNEZOCRTEIS
13 TesseractBEBDAIBER(XL T—ITDOXEE L TOCRIULIE

Loo~NOTUVAWN=O

image =f
sz = image.size
draw = ImageDraw.Draw(image)

imag_or = image.copy()

with PyTessBaseAPI(lang='eng',psm=11) as api:

api.Setimage(image)

boxes = api.GetComponentimages(RIL.WORD,True)

# Option: RIL.WORD, RIL.TEXTLIN, RIL.SYMBOL

fori, (im, box, _, ) in enumerate(boxes):

if box['w']*box['h'] < sz[0]*sz[1]*0.01 :
IR PRI ERE N EpixelD 0.01 KD KRS RIFE(E
RN\ DRENRZSND EHEMA LN
draw.rectangle([box['x']-alf,
box['y']-alf,



box['x']+box['w'] +alf,
box['y']+box['h']+alf],
fill = 'white',
outline = 'white'

)

ifsw==1:
fig = plt.figure(figsize=(7,3.5))

ax = plt.subplot(1,2,1)
plt.imshow(imag_or)
plt.title(' < Original >')

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

ax = fig.add_subplot(1,2,2)
ax.imshow(image)
ax.set_title('< After Elimination >')

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

plt.show()
plt.close(all’)

return (image, boxes)

def gamma_corrct(f, g):

< GammaZ(C LD EEDIEIE I DL >
AN AA—2F—5,

g : ganmma prameter

HHim_gam FLAF—4,
lookUpTable : look up table

image = np.asarray(f)

# lookUpTableDERK
lookUpTable = np.zeros((256, 1), dtype = 'uint8')
for i in range(256):
lookUpTable[i][0] = 255 * pow(float(i) / 255, 1.0 / g)

# 71> NHHIE
im_gam = cv2.LUT(image, lookUpTable)

return (im_gam, lookUpTable)

def erode(f,sw,n,ngh):

< erosion (BE/ER) AUBZITORAEK >
Mar.27,2019 : UBDiEIR %8N
AS ‘
f:7LA47—73,
sw : JUEDEIR (0528, AR, 2528 - 3R, 3365K - iBR)
n :AUBER DR UEER

142
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160
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166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
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194
195
196
197
198
199
200
201
202

ngh : IMEMEIDE R
HH X
out: 7L157—%

# 4-gufiE
neighbor4 = np.array([[0, 1, 0],
]

[0, 1, 0],
np.uint8)

# 8-gulis
neighbor8 = np.array([[1, 1, 1],

1y

.1, 11

np.uint8)
if ngh == 'n4"
nghb = neighbor4
else:
nghb = neighbor8
# fHIE
ifsw==0:
out = cv2.erode(f,
nghb,
iterations = n
elif sw==1:
out = cv2.dilate(f,
nghb,
iterations = n
)
elif sw ==

out = cvz.hqorphologyEx(f,
cv2.MORPH_CLOSE,
nghb
)

elif sw==3:
out = cv2.morphologyEx(f,
cv2.MORPH_OPEN,
nghb
)

return(out)

def rgb_mxmi(f, sl, v):
< RBGDMaxEMINDENS., BET L fElEzimt 3 S5 >
Mar.28,2019 : 2nd tex elimination ON/OFFiE/N

AAB \
f:RGB M AXA—=>57—4
sl : RGB T®D Max-Min DU Z( V&
v : HSV(RGBT® Max) T value DU = VB

H5 ‘
imrgb2 :RGB 5 — @D 7 L1 F—4



203
204
205
206
207
208
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217
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224
225
226
227
228
229
230
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255
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263

imbkgy :RGB RGN 7L FT—5

Memo
RGBTODEEDRAXEZMax. s=/IMEZMinET D&
HSVTI(& S=(Max-Min)/Max, V=Max & 733

img = np.asarray(f)
if len(img.shape) == 2:
img = cv2.cvtColor(img, cv2.COLOR_GRY2RGB)

# RGB to HSV
imhsv = cv2.cvtColor(img, cv2.COLOR_RGB2HSV)
bkgy = cv2.cvtColor(img, cv2.COLOR_RGB2HSV)

# graph size
sz = imhsv.shape

for i in range(0, sz[0]):
for j in range(0, sz[1]):
sa = float(imhsv[i,j][1]) # saturation
va = float(imhsv[i,jl[2]) # value
# mx_mi (ZFRGBTDMax-Min
ifsa==0orva==
mx_mi =0
else:
mx_mi = (sa*va/255)

if mx_mi <=slandva < v:
# B(CEi
imhsvl[i,j] = [0,0,255]
bkgy [ij] = [0,0,0]

else:
# ACE
bkgyli,j] = [0,0,255]

# HSV to RGB
col = cv2.cvtColor(imhsv, cv2.COLOR_HSV2RGB)
blk = cv2.cvtColor(bkgy, cv2.COLOR_HSV2RGB)

# 2nd tex elimination ON/OFF. ON=0,0FF=else
sw = 99
ifsw==0:
# 2nd text elimination
wo_txt_col = txt_elim(array_to_img(col),3,0)
wo_txt_blk = txt_elim(array_to_img(blk),3,0)

# image to array
imrgb2 = np.asarray(wo_txt_col[0])
imbkgy = np.asarray(wo_txt_blk[0])

else:
imrgb2 = col
imbkgy = blk

return imrgb2, imbkgy

------------------------- Color Separation Function ----------=------mmmommmmoeo-
def color_separation(im_, f_na,gamma, now, s_sw):
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275
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280
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288
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295
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299
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304
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307
308
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310

31
312
313
314
315
316
317
318
319
320
321
322
323
324

< DBSCAN ZHWTI S TDEDEED TS >

AN
im_ A A=
fna : ABIAA=2DT7A()LE
cdim: UHAXFBIKRES
gamma : JJ > XHEIEDFRER
now: : IRTERSZ
s_sw: : T —HRIFD yes/no lyes, else:no

HAh
color_line : BRfESNIET L AT —4 ., KEREDBHRESD

* DBSCANDETE T = 31131000018 (CHIFR N 3D
B TDITIETDAIimIFZ360(CEET D

dim =360
c_dim = 1024

A Lty e - 1 L

# I HEIE

g_corr = gamma_corrct(im_[0], gamma)

# Resize and 2HSV for Line Separation

image_c_dim = cv2.resize(g_corr[0],
(c_dim, c_dim),
cv2.INTER_LANCZOS4

)
# RGB --> HSV
hsv_image_c_dim = cv2.cvtColor(image_c_dim,
cv2.COLOR_RGB2HSV)

# Resize and 2HSV for Color Clustering
image = cv2.resize(g_corr[0],
(dim, dim),
cv2.INTER_LANCZOS4
)

M/ OOBROIS — 2T Dz aTBICHRO/NSIRMHZ#E <
cv2.circle(image,

(dim-1, dim-1),

10,

(0,255,255)

)

# RGB --> HSV
hsv_image = cv2.cvtColor(image,
cv2.COLOR_RGB2HSV)

# S,VOFIR
"S (BE) OINEREB(GHWVLEVRE) ZAHCERT S
VERE) O/NERBEIGENE) ZER(CEIRTS
s_lim = 30
for i in range(0,dim-1):
for j in range(0,dim-1):
#S-V ZERITARS T Z IR
lim = 255-hsv_image[i,j,1]
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356
357
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385

# s s limPA T &S-V ERTERD TOBZINTHICER
if hsv_imageli,j,2] <= lim or \

0 < hsv_image[i,j,1] <= s_lim:

hsv_imageli,j,:] = [0,0,255]

"hHM79% 0 (C. AREBRBIZTDRN D TLBET RO TERENCDIRATF S,

h =0DIRDFLE"

"'if hsv_imageli,j,0] >= 178:
hsv_imageli,j,0] = 0
hsv_orig[i,j,0] = 0"

# h,s,v color split
h_im, s_im, v_im = cv2.split(hsv_image)

# nolmarization

h_nol = np.reshape(h_im,(-1,1))/179
s_nol = np.reshape(s_im,(-1,1))/255
v_nol = np.reshape(v_im,(-1,1))/255

# - BT B T B FEDDMME «ncmrememeemeeme e

"'S=0 ZHR I D :

DBSCAN T (F5t&=1° 10000 ELIANTH D Z EMHEREN TS
ISITRFEAEDETEILAE

BRI EHR T D C & THERBZEARICHS I ZENTED

S=0 (3H, K&, FRMEBESHEIKRIFRFIZIAN,

S=0 ZHFR I B C L TRW AR DEI L ZNRITED

JRE - BAEEERI T O THE T 2H5 Z ZTHRR L CTERIBERLY

# index of nonzero
n_zero_ix = np.nonzero(s_nol)

# h,s,v non zero index
h_nol_nz = h_nol[n_zero_ix[0]]
# s _nol_nz = s_nol[n_zero_ix[0]]
v_nol_nz = v_nol[n_zero_ix[0]]

# --- DBSCANZEFUNZEBSIBH - nmmmmmmmmmmmmmmmmmemsmcmmmommm e

# clustering data create
Z = np.c_[h_nol_nz, v_nol_nz] # h-v space

if len(Z)>10000:

"'DBSCAN(F10000fEL L DETEZERITI D EAEIA—N—ZRZITHENHD.

]I{)ooo{lEIL){LODE{%%(JH%Mt LTHIET D
sys.exit(1)

# BEBTDISRAI 2D &RIT
from sklearn.cluster import DBSCAN
dbs = DBSCAN(eps =0.02,

min_samples = 70,

n_jobs =-1

).fit(Z)

# clustering of all element
y_dbscan = dbs.labels_
cls_n = np.max(y_dbscan)+1

# value of component(element witout noise)
zZcC = dbs.components_
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# indx of component
i_c = dbs.core_sample_indices_

# cluster number of component

cn =]

foriini_c
c_n.append(y_dbscanli])

c_n = np.array(c_n)

# BOBHEROEEMN

c_rep = np.zeros([0,6])

for j in range(0,cls_n):
dammy_ = z_c[np.where(c_n==j),:]
nn = len(dammy_[0])
# Heu
dh_max = np.max(dammy_[0,:,0])
dh_min = np.min(dammy_[0,:,0])
dh_mean = np.mean(dammy_[0,:,0])
# Value
dv_max = np.max(dammy_[0,:,1])
dv_min = np.min(dammy_[0,:,1])
dv_mean = np.mean(dammy_[0,:,1])

if nn > len(Z)*0.025 :
, # TS RACEENDRDEN RmDIRED 0.025 KD/NMhEREDEFEEUVTEAL
0N
cv = [dh_mean,
dh_max,
dh_min,
dv_mean,
dv_max,
dv_min

]

c_rep = np.append(c_rep,
np.array([c_v[:]]),
axis=0
)

else:

"'print(‘{:3.0f}'.format(j),'|','{:4.0f}".format(nn),
"*** NG, Because data number are too little'

)
cls_n_pass=len(c_rep)

# - SRV ENTZBICKDTAZBDEET D --m-mmmmmmmmmmmmmmmmoc oo
line_data =1]
line_image =1]
for | in range(0,cls_n_pass):
# upper louer range of s, s=50~255 fix
# V-range adjustment
if 0.2 <= c_rep[l][3] <=0.8:
dcl = 0.3
dcu =0.2

else :
dcl=0
dcu=0

lower_ = np.array([c_rep[l1[2]*179,



446 80, 507

447 (c_rep[l1[5]-dcl)*255] 508 return color_line

448 ) 509

449 upper_ = np.array([c_rep[l][1]*179, 510 # ----mmmmmmmmmm e Inner Figure Delete Function ------------------ooommmmmmeeo -
450 255, 511 def contandline_detect(f, lw):

451 (c_rep[l][4]+dcu)*255] 512

452 ) 513 < Open (VEZRHWT, A\NFIST &mlEEIDZ1—IL >
453 514

454 # 51> DN 515 AN

455 line_image = 255 - cv2.inRange(hsv_image_c_dim, 516 f : 7L-5F—%(BGR)

456 lower 517 w: @B EETLEEZTITIRDS 1> DIE

457 upper_ 518 dn : SRZE R T DIEEHOLE L ME

458 ) 519 sn : EMRZEERH T DIMEHRDO LS ME

459 520

460 # append array 521  HH

461 line_data.append(line_image) 522 imrgb : 7L > —%4/(BGR)

462 523

463 # oo BT A D e 524

464 bkgy = cv2.cvtColor(im_[1], cv2.COLOR_BGR2GRAY) 525 imag = np.asarray(f)

465  bklin = cv2.resize(bkgy, 526  # Gray (shape=2) (D7 -)LMDShape%ColorM3(CEBZXD
466 (c_dim, c_dim), 527 if len(imag.shape) == 2:

467 cv2.INTER_LANCZOS4 528 imag = cv2.cvtColor(imag,cv2.COLOR_GRAY2BGR)

468 ) 529

469 530 imgray = cv2.cvtColor(imag,cv2.COLOR_BGR2GRAY)

470 line_data.append(bklin) 531 ret,im_ = cv2.threshold(imgray,250,255,cv2. THRESH_BINARY_INV)
471 532

472 prt_sw =10 533 # imag_or = imag.copy() # original keep aside

473 if prt_sw ==1: 534

474 #ooom SA A A= DD - 535 dim =im_shape # E{RODHt - BETTZILE

475 ax = plt.figure(figsize=(10,3.5*((cls_n_pass)/3+1))) 536 s_dim = dim[1]*dim[0] # BRI ETILEK

476 for ii in range(0,cls_n_pass+1): 537 # print(s_dim)

477 538

478 ax = plt.subplot((cls_n_pass)/3+1,3,ii+1) 539  #--- @R EITVVRIBRIE EXXF - B2 &R U CHIBR T D -----mmmmm e
479 plt.imshow(line_datal[ii]l,cmap="gray’) 540

480 # plt.gray() 541  # EREMRE

481 if ii == cls_n_pass: 542 ""findContours M output 7' OpenCV O Version-Up (3.4 -> 4.0?)
482 plt.title("\n Black-Gray") 543  (Cf¥UL\image, contours, hierarchy @ 3 f@H5

483 else: 544 contours, hierarchy @ 2 fE(CEE =1/

484 plt.title("\n Color ="+str(ii+1)) 545

485 ax.get_xaxis().set_visible(False) 546

486 ax.get_yaxis().set_visible(False) 547

487 548 image,contours,hierarchy = cv2.findContours(im_,

488 plt.show() 549 cv2.RETR_LIST,

489 plt.close(all’) 550 cv2.CHAIN_APPROX_SIMPLE

490 551 )

491 #ooe SA T — I DRTF - 552

492 color_line = {'data":line_data, 553

493 ‘para‘:(f_na, 554 contours, hierarchy = cv2.findContours(im_,

494 c_dim, 555 cv2.RETR_LIST,

495 cls_n_pass, 556 cv2.CHAIN_APPROX_SIMPLE

496 len(Z) 557 )

497 ) 558

498 } 559 # R SNTZEREPOMEE. WIBOSEICLDBEIRZITD
499 ifssw==1: 560

500 s_name = 'color_line_'+f_na+'_'+str(dim)+'_'+str(now) +".pik’ 561 PIERIFEZ D1 > 5w O X % big_list,

501 with open(s_name,'wb') as f1: 562 MXFEXOESDA T W% smllist

502 pickle.dump(color_line, f1, protocol=4) 563

503 # print("\n Color_data is saved :',;s_name) 564

504 565 big_list = [1; sml_list =[]

505 "else : 566 for i, cnt in enumerate(contours):

506 # print("\n > Color_data were not saved. )" 567 cnt = np.squeeze(cnt, axis=1)



568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628

area = cv2.contourArea(cnt)
if s_dim/4 >= area >= s_dim/30 and len(contours[i]) < 100:

PR D,
S, XYBAIZIR < 2 REFED 14U T &

ORI EE IR T BI=a1/30M L TERT B,
BAERDIAAZIBEEMD IR < LHBREN00EM LB <

big_list.append(i)
elif s_dim/1000 <= area <= s_dim/700 :

XFES DM
XAPRSZERE U, REOER FTE DEIRET D e DER!

sml_list.append(i)

# NHEEZ & U Tt SN ez B E D U CGnOBIRIC EEEX 9D
for i in big_list :
cnt = np.sgueeze(contours[i], axis=1)
# IWREPDONEZRED
cv2 fillConvexPoly(imag,
points=cnt,
color=(255,255,255)

)
# EBZEAULTHED
cv2.drawContours(imag,
[cnt],

(255,255,255),
20
)

#XF - ST ENTEmABZEED U TTOERIC EEZTID
foriin sml_list :
cnt = np.squeeze(contoursli], axis=1)
# WD ANEZRED
cv2 fillConvexPoly(imag,
points=cnt,
color=(255,255,255)
)

# WmEZERAZED
cv2.drawContours(imag,
[ent],

(255,255,255),
lw

)

return imag

def wf_eval(wo_cont,

prd_ol,
I_data,
ng_bk,col_n,
lin_nu,

dim

):
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687
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689

print("\n> Evaluation of the digitizing ‘)

< ADEHRE FRIEEZ LR U CRIB(bDEREOTHEZTOES 21— >

AF
w%_ccint  EREKREXFE. WETHIBREOEIR
prd_ol :
I_1_data,l_2_data,|_3_data : #{E>—%
ng_bk
col_n: &
lin_nu: 51 >%
dim : 5TEIRER

Hh
n_zp : S8EE

# BREHRIEINF. WHBZHIFRROEGRZRAND
base_im = cv2.resize(wo_cont,(dim,dim),cv2.INTER_LANCZOS4)

ndpi = 360
ww = dim/ndpi; hh = ww
Iw = ndpi/72*2

fig = plt.figure(figsize=(ww,hh), dpi=ndpi)
ax = fig.add_axes([0,0,1,1])

# B OIMIDEIS R TIYRF >
cv2.rectangle(base_im,
(0,0),(prd_ol[0,0],dim-1),
(255,255,255),thickness=-1
) # reft side

cv2.rectangle(base_im,
(prd_ol[0,0]+prd_ol[0,2],0),(dim-1,dim-1),
(255,255,255),thickness=-1
) # right side

cv2.rectangle(base_im,
(0,dim-1),(dim-1,dim-prd_ol[0,1]-1),
(255,255,255),thickness=-1
) # lower

cv2.rectangle(base_im,
(0,0),(dim-1,dim-prd_ol[0,1]-prd_ol[0,3]-1),
(255,255,255),thickness=-1
) # upper

ax.imshow(base_im)

BREFOEROSBERDD. BICSA >HRVBAR
HS5MUeE ng_bk Z5IWTHL

base rv = 255-cv2.cvtColor(base_im, cv2.COLOR_BGR2GRAY)
base_n_z = len(np.nonzero(base_rv)[0]) - ng_bk

HREGRICHIBILT —9Z8W\WS/>TLE —HI 30D ETEHR LERSD
lwT S > DIgZIEIE.

fx = np.linspace(0,dim-1,dim)



690 for i in range(0,sum(lin_nu)): 751 org_axl=prd_ol[0]/1024

691 ax.plot(prd_ol[0,0]+fx*prd_ol[0,2]/dim , 752

692 |_data[0:dim,0,i]*prd_ol[0,3] + 753 R ] R SRR
693 dim-prd_ol[0,1]-prd_ol[0,3], 754 # Image to array

694 'w-" lw=Ilw 755 ar_im = cv2.imread(ff_n)

695 ) 756  # Origin of array

696 757 x_or_p = int(sz[0]*org_axI[0])

697  # ANEBRMHMEZEIEHR 758  y_or_p = int((1-org_axI[1])*sz[1])

698 ax.spines[“right" ].set_color(‘none’) 759 # Trimming

699 ax.spines[“top” ].set_color(‘none’) 760 ar_=ar_im.copy()

700 ax.spines["left" ].set_color(‘'none') 761 ar_[0:y_or_p+10,x_or_p-1:(sz[0]-1),:1=255

701 ax.spines["bottom"].set_color('none’) 762 x_trm = ar_[y_or_p:sz[1]-1,0:5z[0]-1]

702 ax.get_xaxis().set_visible(False) 763 y_trm = ar_[0:y_or_p+10,0:x_or_p-5]

703 ax.get_yaxis().set_visible(False) 764

704 765 # --- PyoCr open -=----=cmmmmm e oo e e e e e e
705 plt.ylim(dim,0);plt.xlim(0,dim) 766  tools = pyocr.get_available_tools()

706 767

707 U LEESFEHEHI/I\X ECHES. )\ I 7 ([CERDAHT7L11E 768  if len(tools) == 0:

708 769 print("No OCR tool found")

709 fig.canvas.draw() 770 sys.exit(1)

710 buf = np.frombuffer (fig.canvas.tostring_rgb(), 77

71 dtype=np.uint8 772 # - XEHEBEDFTAEND - m-mmm s
712 ) 773 # Gamma Correction

713 imar = np.reshape(buf,(dim,dim,-1)) 774 g=05

714 775 lookUpTable = np.zeros((256, 1), dtype = 'uint8’)
715 " FEFEROBROSREERDD. 776  foriin range(256):

716 777 lookUpTable[i][0] = 255 * pow(float(i) / 255, 1.0 / g)
717 gray_rv = 255-cv2.cvtColor(imar, cv2.COLOR_BGR2GRAY) 778

718 # plt.show() 779 x_trm = cv2.LUT(x_trm, lookUpTable)

719 plt.close() 780 # Array to image

720 n_z = len(np.nonzero(gray_rv)[0]) - ng_bk 781 image = Image.fromarray(x_trm)

721 782 tool = tools[0]

722 " FESTHEOBEBGSRBEAN (BR) EROBERRBOLERERD, 783  #OCR

723 1H55|WTEEEET . 784  x_res = tool.image_to_string(image,

724 ex. BRICTHUBES LEZTEGOSIE 0 EEEG L 785 lang="eng",

725 786 builder=pyocr.builders.\

726 n_zp = 1-n_z/base_n_z 787 WordBoxBuilder\

727 788 (tesseract_layout=3)

728 return n_zp, n_z, base_n_z 789 )

729 790 x_nl=[]

730 # ---mmmmmmmme e Axis Gain Read Function ----==-=======-ommomm 791 x_pl=[]

731 def axgain(ff_n,sz,prd_ol): 792 i=0

732 print( "\n> Axis Gain Read ‘) 793 fordin x_res:

733 794 # print(i,d.content,d.position)

734 795 num = re.sub("\\D", "",d.content)

735 < XYEHODEHE %% OCR(pyocer) CiiH+ERD . B (U ZIEET D > 796 jud = str.isdigit(num)

736 797 if jud == True:

737 input 798 er=0

738  ff_n: file name 799 # float COIT S —CEtENIEE D Z D[kt
739  sz:image size 800 try:

740 prd_ol: Origon position and axis length 801 x_nl.append(float(d.content))

741 802 except ValueError:

742 retuen 803 er=1

743 xO:xEHDIADAE 804 ifer==0:

744  xe:xEHDIZ R DIE 805 x_pl.append((d.position[1][0]+d.position[0][0])/2)
745  yO:yEHODIARADAE 806

746  yexyEHDIELDIE 807 cv2.rectangle(x_trm,

747 808 d.position[0],

748 809 d.position[1],

749 810 (255,0,0),

750  #ERI[ULBOFAHL 811 1
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i=i+1

#INEVBEICENSTHATNDELT
xn = len(x_nl)
if xn >=2:
x_max =x_nl[xn-1]
x_min =x_nl[0]
X_max_p =X pI[xn 1]
x_min_p =x_pl[0]
# pixel 7z Dd)iaﬁ%u_f%
x_d = x_max - x_min
x_ld =x_max_p-x_min_p
x_r =x_d/xId
# [FmfEZtE
X0 = round(x_min-(x_min_p-x_or_p)*x_r,2)
xe = round(x0+x_r*(sz[0]*org_axI[2]),2)
print (* X-axis Gain:',x0,'-',xe)

else:
x0 =0
xe =1

print(' *I can not find X-axis Gain. Defalt value set:',x0,'-',xe

T s -t L —

# Gamma Correction
g=0.3
lookUpTable = np.zeros((256, 1), dtype = 'uint8')
for i in range(256):
lookUpTable[i][0] = 255 * pow(float(i) / 255, 1.0 / g)

y_trm = cv2.LUT(y_trm, lookUpTable)

image = Image.fromarray(y_trm)
tool = tools[0]
y_res = tool.image_to_string(image,
lang="eng",
builder=pyocr.builders.\
WordBoxBuilder\
(tesseract_layout=3)

)

y_nl=[]

y_pl=[]

i=0

fordiny_res:
# print(i,d.content,d.position)
num = re.sub("\\D", "",d.content)
jud = str.isdigit(num)

if jud == True:
er=0 B ]
# float COTLS —TstBEMAIEFD T LDmE
try:

y_nl.append(float(d.content))

except ValueError:
er=1

ifer==0:
y_pl.append((d.position[1][1]+d.position[0][1])/2)

cv2.rectangle(y_trm,
d.position[0],
d.position[1],
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(255,0,0),
1
)

i=i+1

# RSWEIC EMBTA TS ELT
yn = len(y_nl)
ifyn>=2:

"'OCROFERFAESIRTIFRVZENHD

y_max = y_nl[y_pl.index(min(y_pl))]
y_min = y_nl[y_plindex(max(y_pl))]
y_max_p = y_pl[y_pl.index(min(y_pl))]
y_min_p = y_pl[y_pl.index(max(y_pl))]

# pixel /D DIENEETE
y_d =y max-y_min
y_Id = abs(y_max_p-y_min_p)
yr =y.d/y Id
# U6 - AROEZETE
y0 = round(y_min-(y_or_p-y_min_p)*y_r,2)
ye = round(y0 + y_r*(sz[1]*org_axlI[3]),2)
ify0 ==ye:
y0 = 0.0
ye =10

print (' Y-axis Gain:',y0,'-',ye)

elifyn==1:
y_max =y _nl[0]
y_min =0

y_max_p =y_pl[0]

y_min_p =y or_p
# pixel B/ D DIBENEETE
y_d =y _max-y_min
y_ Id = abs(y_ max_p-y_min_p)
y_d/y

lIA'E ‘F’i‘,\ﬁ\d){ ZEtE
y0 = round(y_min-(y_or_p-y_min_p)*y_r,2)
ye = round(y0 + y_r*(sz[1]*org_axlI[3]),2)
print (' Y-axis Gain:',y0,'-',ye)

else:
yo =0
ye =1

print(' *I can not find Y-axis Gain. Defalt value set:',y0,'-

return x0,xe,y0,ye

924 def linedel(f):

925
926
927
928
929
930
931
932
933

< B2 EDORVWEREHEET DB >
f: gray_array_data

imgray = f
dim =1024

"ye)



934

935 ret,im_mono = cv2.threshold(imgray,254,255,0)

936 # - [EHROARE ~m oo
937 minLineLength = int(dim/2)

938 maxLineGap =1

939 lines = cv2.HoughLinesP(255-im_mono,
940 .

941 np.pi/180,

942 int(dim/1.3),

943 minLineLength,

944 maxLineGap

945 )
946  "EEISIEUIANEER TH D, 2{EEER

947  562,35|8C(FZN T NrouEshitaDFEERIEELET.

948  ZH4513L, BEREHRSNBDICHEBIRRIKEORENZEKRI B UELMETY.
949 EEHIERLOSOHCKFT D, COBIEFIRETEEMIEOR S OH/IME.
950 "

951

952 v_| = np.zeros([0, 4])

953 h_| = np.zeros([0, 4])

954 #s_| = np.zeros([0, 4])

955 if lines is not None:

956 "linesHMABARHE TERN DTz & = (FLIEREITOIRN
957

958 # BERE KRB KURHRICORET D

959 for i in range(len(lines)):

960 for x1,y1,x2,y2 in linesl[i]:

961 out = [x1,y1,x2,y2]

962 if abs(x1-x2) <= 0.5 and dim/10 < y1-y2:

963 v_| = np.append(v_|, np.array([out[:]]),axis=0)
964 elif y1 == y2 and dim/10 < x2-x1:

965 h_| = np.append(h_|, np.array([out[:]]),axis=0)
966

967 else:

968 s_| = np.append(s_|, np.array([out[:]]),axis=0)
969

970

971 # H DB

972 for j in range(0,len(v_l)):

973 x1,y1,x2,y2 = v_I[j]

974 # plt.plot([x1,x2],[y1,y2],'r",lw = 5)

975 cv2.line(imgray,

976 (int(x1),int(y1)),(int(x2),int(y2)),

977 (255),

978 int(dim/100)

979 )

980 for k in range(0,len(h_l)):

981 x1,y1,x2,y2 = h_l[k]

982 cv2.line(imgray,

983 (int(x1),int(y1)),(int(x2),int(y2)),

984 (255),

985 int(dim/100)

986 )

987

988 return imgray

989

990 # END of Code

END



