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(Make It Sudoku)
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WHY? OPENCV, GENETIC ALGORITHM
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def isRectangleinRectangle(possible_contours):
possible_digit=[]
cnt=0
for d1 in possible_contours:
for d2 in possible contours:
Lif d2['x']<d1['x']<d2['x']+d2['w'] and d2['y']<d1['y']<d2['y']I+d2['h'] and d2['x']<d1['x']+d1['w']<d2["|
dl['idx'] = cnt
cnt += 1
possible_digit.append(dl)
break
return possible_digit
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def isRectangle(contours_dict):
impossible=[]
cnt=0 OHCE I NQH HIATE AHTLOJOI QOB ey |
for d1 in contours_dict:

for d2 in contours_dict:
1f(d2['w'[=(d2["w']/2)<dl["w" [<d2[ 'w" [+(d2["w"]/2) or d2["h"[-(d2["h"]/2)<d1["h"]<d2["h"]+(d2["h"]/2)):

Tt =1
» T . 4 x,y TF QOI'HLE HIADF AT 47T OIOFOIG! kL

impossible.append(dl)

cnt=0
return impossible
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[def deleteRectang(eInRectang (e{contoufs_aict, impossible):
possible_contours=[]
out=False
for d1 in contours_dict:
for d2 in impossible:
if(di['x']==d2['x'] and d1['y']==d2['y']):
out=True
if(out==False):
possible_contours.append(dl)
out=False
return possible_contours




img=cv2.imreqd('F_test.jpeqg') |
height,width, channel=img.shape
gray=cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

(o] ]
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img_blurred=cv2.FaussianBlud(gray, ksize=(21,21), sigmaX=0)

OIDIFIZ OIRIOHOL

img_thresh=cv2.adaptiveThresho ld(]
img_blurred, omx
maxValue=255,
adaptiveMethod=cv2. THRESH_BINARY,
thresholdType=cv2.THRESH_BINARY,
blockSize=211,

C=2

2 O2JOFH OFL Tf4

)
plt.figure(figsize=(15,16))
plt.imshow(img_thresh)
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contours,_=cvq.flndContours(1mg=ﬁhresh,cv2.RETR_LIST,cv2.CHAIN_APPROX_SIMPLE)
temp_result = np.zeros((height, width, channel), dtype=np.uint8)
cv2.drawContours(temp_result, contours,-1,(255,255,255))
plt.figure(figsize=(18,16))

[ pPTT. Imshow(Temp_resul(t,Cmap="gray ) |
len(contours)
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contours_dict=[]

cnt=0

temp_result=np.zeros((height,width,channel),dtype=np.uint8)

cv2.drawContours(temp_result, contours,-1, (255, 255,255))

for contour in contours:
X,Y,w,h=cv2.boundingRect(contour)
cv2.rectangle(temp_result, (x,y), (x+w,y+h), (255,0,0),2)

| if w>(width/500) and h>(hei
contours_dict.append({

})

ght/50) :

'contour':contour,

x':iX,
'y'iy,
'w':iw,
'h':h,

'ex'ix+(w/2),
'‘cy':y+(h/2)

plt.figure(t1gsize=(100,160))
plt.imshow(temp_result,cmap="'gray"')
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temp=[]
temp_result=[]
allcontours=[]
for d1 in contours_dict:
for d2 in contours_dict:
[Lf(d2T"w' T=(d2['w'1/4)<d1['w'1<d2['w'1+(d2['w'1/4) and d2['h'1-(d2['h'1/2)<d1['h']<d2['h'1+(d2['h'1/2))]

cnt+=1
if cnt>40:
temp.append(dl)
cnt=0

pointH1=0
pointH2=0 AL 3 AFTEGIO] THAL T OFEIOH
largex=0 AFEEOI égg jElD_EL“_%“?HI“H- O‘LQDE_L!:Ei
largeY=0 Arvj;oagl_g CTES |
smallX=temp[0] ['x"] -
smallY=temp[0]['y"]

for dI in temp:
if(d1['x"']>1largeX):
largeX=d1l['x"']
if(d1['y']>largeY):
largeY=d1['y"']
pointH2=d1['h"']
if(d1['x']<smallxX): Ao DERIBE xy B8 1N A Xy
smallX=d1['x"] ALIR OIF)
if(d1['y']<smallY):
pointH1=d1['h']
smallY=dl['y"']
for d1 in contours_dict:
if(smallX-int(pointH2/2)<=d1['x"']<=1largeX+int(pointH2/2) and-(smallY-int(pointH1/5))<=d1['y'l<=1largeY+(pointH2/5)):
allcontours.append(dl)

temp_result=np.zeros((height,width, channel),dtype=np.uint8)

#cv2.rectangle(temp_result, ptl=(smallX, (smallY-int(pointH1/5))), pt2=(largeX+int(pointH2/2),int(largeY+(pointH2/2))), color=(@, 0, 25
for d in allcontours:

cv2.rectangle(temp_result, ptl=(d['x'], d['y']l), pt2=(d['x']+d['w'], d['y']+d['h']), color=(255, @, @), thickness=2)

plt.figure(figsize=(100, 60))
plt.imshow(temp_result, cmap='gray')







digit=isRectangleinRectangle{allcontours)
digit=deleteRectangleInRectangle(digit, isRectangleinRectangle(digit))
temp_result = np.zeros((height, width, channel), dtype=np.uint8)

for d in digit:

cv2.rectangle(temp_result, ptl=(d['x"'], di'y']), pt2=(d['x']+d['w"'], d['y']+d['h']), color=(255, 255, 255), thickness=2)
plt.figure(figsize=(80, 60))
plt.imshow(temp_result, cmap='gray')

le-“ljl-Ug QFOIil I\FT_I;%OI O'L_IL:KI Q]'-Oll_
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— =TTp- Tuint8)
for d in allcontours:

cv2.rectangle(temp_result, ptl=(d['x'], d['y']), pt2=(d['x']+d['w'], d['y'l+d['h"]), color=(255, 255, 255), thic
plt.figure(figsize=(15, 16))

plt.imshow(temp_result, cmap='gray')
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listarr=[]
digit=sortRectangle(digit) SN R S
AMECHE FJ2 LIOIQIKI QLO

tor i range e (ayiT )T
img_cropped=cv2.getRectSubPix(

imy;

patchSize=(int(digit[i] [*w']),int(digit[i]l['h'])),
center=(int(digit[i]['cx']),int(digit[i]['cy']))
\

|char=pytesseract.image_to_string(img_cropped,1ang='kor',config='——psm 7 ——oem @ -c tessedit_char_whitelist=12345
if(chari="' and U<int(charlo]J<l0).
listarr.append| char[0])

else:
listarr.append(-1)
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listAnswer=[]

isblank=True

cnt=0
allcontours=sortRectangle(allcontours)

ffor d1 in allcontours:
for d2 in digit:
if d1['x']<d2['x']<d1['x']+d1['w'] and d1['y']<d2['y']<d1l['y']+d1['h']:
listAnswer.append(int(listarr{cnt]))
cnt=cnt+1
isblank=False
if(isblank==True):
listAnswer.append(0)
isblank=True

row=|]
sudoku=[]
for i in range(9):
for j in range(ix9,(ix9)+9):
row.append(listAnswer[j])
SUdOTl]J- append(row) AKETE QIL AFTLOJOIDI OHLE QIAION AKEE
rows=

L0
So

9%9 =



print("&2 QlAlst BES £Fd FM!! F=:Q")
for i in range(9):
print("")
for j in range(9):
print(sudokul[i] [j1,",",end="")
while(True):
column=input ("™ F= Q: ")
if(column=='Q"' or column=="'q'):
break
else:
column=int (column)
row=int (input ("g: "))
value=int (input ("Xt "))
sudoku [column-1] [row-1]=value

print("\n::: —— ")
for i in range(9):
print(uu)

for j in range(9):
print(sudokuli]l [j],",",end="")
solve(sudoku)
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Function genetic()
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C KOLL OHRY Uﬂ‘gtj,(xall:l!;)
Function select() v zi;
=
:::::: fitness £
" ESNEEBE - H ”
” 8 A "
.‘ Selection c “
4 ”0 Function cross() v = & “’
” D ”
CHOEOH THAI RYAY 0’ & 3 R — " S
" H EER EEEE ‘0
.” EREENNE EENEEEN ."
& ’0 Crossover & .0
”’ Function mutate()'¥ ’.‘
’. L faspugst ] T "
& |
HE III;III
ol

Mutation




A
1
L]
i b

1 o

A 0

AICH RO LOIRI
norCk

THAI KIEH EKICH MICH A Dll_-g H.EE!

BICHAOL L TH CELIDY
mgisy £2

X THAI RICE

== H L

444




popul = 10

selection = 0.5
mutation 0.05
max_gen = 300000

ready ()
genetic(popul,selection,mutation,max_gen)

print_highest ()
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#ready for problem to put fixed values.
def ready():
global value
global fixed
for i in range (9):
for j in range (9):
if(valueli] [j] '= 0):
fixed[i][j] = True
else:
fixed[i][j] = False
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def get _fitness(value):
fitness = 0
for i in range(9):
for j in range(9):

fitness += copy.deepcopy(checkElementScore(value,i,j))
return fitness




| def genetic(popul,selection,mutation,max_gen):

global values

global value

global high_fitness

global times

global gens

global n

global start

fitness_values = []

start = t.time()

gen = 0@ ROLL RELOE 270 £ TO

#First Generation 1% §% g LE *

for i in range(popul): T WNMICO MK
fitness_values.append(copy.deepcopy(@))
values.append(copy.deepcopy(put_element(copy.deepcopy(value))))

for i in range(popul):
fitness_values[i] = copy.deepcopy(get_fitness(copy.deepcopy(values[il)))

#After first generation. Loop

while(gen != max_gen): ZICH MICH & OF3 HEY
#answerFound
if(high_fitness==243): R4GEON ELLIDI OL4 Z & HAMICOI MOLLE FE}

time = t.time()-start
print(time)
times += time
print(gen+1," Generation")
print("Complete!"™)
gens += gen
n+=1
return

#getFitness

for i in range(popul):
fitness_values[i] = copy.deepcopy(get_fitness(copy.dekpcopy(values[i])))

#select

select(copy.deepcopy(selection),popul, copy.deepcopy(fitness_values))

#cross

cross(popul,selection)

#mutate

for i in range(popul): EGIHION GHHI
values[i] = copy.deepcopy(mutate(values[i],mutation))

—p I:I'UEI.-E'H- % 8 TTHEI /~I1_7t3 CHH
THAICOp Kj.UI- C A K&-
= ]

gen+= 1
if(high_fitness!=243):

print("Cannot find the answer.") Z&OIRl MICH 4 %O,t HFHOHL Egg_ ] QUEI;




def select(selection,popul, fitness_values):
global values
global high_fitness
global high_value
selected=int(populxselection)
insf = 0
insv = values|[0]
for i in range(popul) : MUEETH LO THAMIZ BIAE OLFORZ OILAIT,
for j in range(popul):
if(fitness_values[i] < fitness_values[j]):
insf = copy.deepcopy(fitness_values[j])
fitness values[j] = copy.deepcopy(fitness_values[i])
fitness_values[j] = copy.deepcopy(insf)
insv = copy.deepcopy(values[j])
values[j] = copy.deepcopy(values[i])
values[j] = copy.deepcopy(insv)
for i in range(popul = selected): a#xum gor menr3 g 214 E0IM FIQIAITY
values.pop()
if(high_fitness < fitness_values|[0]):
high_value = copy.deepcopy(values[@])
high_fitness = copy.deepcopy(fitness_values[0])




def cross(popul,selection):
global values
selected = int(populxselection)
inst = []
while(len(inst) != popul): #owm wan snr3 aswonst anzo WaICQ BrL

valueo = copy.deepcopy(values[random.randint (@, len(values)-1)])
valuet = copy.deepcopy(values[random.randint(@,len(values)-1)])
for 1 in range(9): b rgo morEz W men £ £ wanz g

for j in range(9)

ins = copy.deepcopy(valpeoli] [{1) & weg mao amoy
valueo[i] [j] = copy.deepcopy(valuet [i] [j]) *& ¥ W%
if(not checkElementFlag(valueo,i,j)):
valueo[i] [j] = copy.deepcopy(ins)
inst.append(copy.deepcopy(valueo))
values = copy.deepcopy(inst) #vz 2w g macg mxpoy




def mutate(value,mutation);
mut_val = int(mutations8l) L QIHIOI AISHOE OFL JHO; L
blank = 0
same = {}
while(mut_val != 0):
row = copy.deepcopy(random, randint(@,80))
column = copy.deepcopy(random, randint(@,8))
if(same.get(row) != column and not(fixed[row%s9] [column])):
if(len(getposElenent (value, rowsd,column)) > 1 ): C7FH "Ik Q0N BiTHIFLOF “JOI OQICHG "Ik O BiHOL
value[row%9] [column] = copy.deepcopy(getposElement (value, row%9, column) [copy.deepcopy(random. randrange(@, len(getposElement (value, row’sd, ¢
same [row] = column# OhHi ALIOF QIRIE HAI
mut_val = 1
else:

QIXIZ BHL{O 2 HEOF Q

value[rows9] [colunn] = copy.deepcopy(0) Gamn I Qrom B1IHIFLOH Jrol QirHEd HITH(Q) O 1Y
same[row] = column

mut_val == 1
blank += 1 ~ HIFFQ = HIHL OF
for 1 in range(9):
for j in range(9):
if(value[i] [j]==0): WEOE HUBR BEZ g HHA RS
if(len(getposElement(value,i,j)) > 0 ):
value[i] [j] = copy.deepcopy(getposElement(value,i,j) [copy.deepcopy(random. randrange(0, len(getposElement(value,i,j)),1))]1)
blank -= 1
if(blank == 0):
return value
return value
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def checkElementFlag(value,i,j):

rowDif = i%3 OHCE QIAIOHN X HOM oL kOl %on"t%n g_.:oll_cr% Ok &
colDif = j%3
flag = True

#Check column element
for column in range (9):
if(valuel[il [j]==value[il [column]):

UgOIl Kl—lxll_ll- 7£f—2 Iixl-‘"- O'Lll_:_xl QJ.-OII_UI-

if(column '= j):
flag = False
#Check row element
for row in range (9): OO0 FrALI TEO 4 FFIF QILXI DLOIOE
if(value[i]l [j]==valuel[row] [j]):
if(row !'= 1i):
flag = False
#Check square element
for row 1in range (3): KFAIOI ATF JO40N REAIDE TEQ AXHTF QIL I QpOITE

for column in range(3):
if(value[il [j]l==value[i-rowDif+row] [j=colDif+column]):
if(i-rowDif+row != i and j-colDif+column != j):
flag = False
return flag




def checkElementScore(value,i,j):
if(valueli] [j] == 0):
return 0
rowDif = 1i%3
colDif = j%3
score = 0
flag = True
#Check column element
for column in range (9): EQ LFHIFQlODE | K]
if(valuelil [j]l==valueli] [column]):
if(column !'= j):
flag = False

UgOil KHAL I "lé-(t) /irnr OA%FI Q!I-Oll_q:l'-

if(flag):

score += 1
flag = True O10il KFAIZF THO
#Check row element = = S
for row in range (9): 158

if(value[i] [j]==valuelrow] [

if(row != 1i):
flag = False

A

x 78

FEIF QIO |
HA | .

):

g2

&
X
jl

if(flag):

score += 1
flag = True
#Check square element KFAIOl ATF 10400 REAIJE TEQ AFHTF QILAI QOITE
for row in range (3): O AR QOMH | A

for column in range(3): =t X weee

if(value([i] [jl==value[i-rowDif+row] [j—colDif+column]):
if(i-rowDif+row != i and j-colDif+column != j):
flag = False

if(flag):

score += 1
flag = True % & A& (KOl HF
return score '3 8, =™ 0% Lg%;%



def getposElement(value,i,j):

posv = []

for k in range(1,10,1): QIFHQIKION ALOL THLOH ARHTH QILKI QrOIOH ARFLO HEQHOL
valuelil [j] = k
if(checkElementFlag(value,i,j)):

posv.append (k)

valuel[i]l] [j] = ©

return posv

def put_element(value): &7 THAI A OLL
cnt = 81
same = {}

while(cnt !'= 0):
row = copy.deepcopy(random.randint(©,8))
column = copy.deepcopy(random.randint(e,8))
if(same.get(row) != column and not(fixed[row] [column])):
ins = copy.deepcopy(valuelrow] [column])
value[row] [column] = copy.deepcopy(random.randint(1,9))
if(not checkElementFlag(value, row,column)):
valuel[row] [column] = copy.deepcopy(ins)
same[row] = column
else:
same[row] = column
cnt —= 1
return value




BACKTRACKING




o
oM
10
Im
i
o
=
nd
hd
i
oI
o
L}
T
hd
KT
T
m
o
n
. ™

1,2,3,4...9
‘\ | QA QIL
. 0a T KL

FErols alslel 7 a0

RETE QIODH )0 2 AJFK{OFT LOFQ

>

2,910k Tk 5T £4)7,8,9




= 324
EME

KIBIRH Q)X g CHAI
LOFQHLE

OFRIOE JHTRRI RHQRIDH
K

ie

GIFH QI &I QLO)

‘.l’l':Ol Ll!'-OI!I ‘II-%UII_-
QI &I

GiFH QIXIQ) 3Ol
HIJHO1 TH)
OIXioR Ol%

ILOF AKIO
- % =
ALOLOF T CHO T

S CUIS



def solve(v): B E2i13) Of 221 &
global value =
global fixed

value = copy.deepcopy(v)
ready ()
posElement=1[]
i=0
=0
g ")
while(i<9): &LEINCHAQZION X5
try:
try:
if(len(posElement[(i*x9)+j]1)=>=0): Ol QILFI QILFI 9ol
pass

except:
posElement.append(getposElement(value, i, j)) ;mihmm@“#%%mé
if(len(posElement[(i*x9)+j]1)=>0) =

EKHUI-KI %9.—5 ICH I%Ug

if(not fixedIl[il[j1): ARG WOIFI 9ol
valuelil[j]l] = copy.deepcopy(posElement[(i*x9)+j].pop()) “%%EME“”°“£%¢%
else: mm%
raise ValueError
except: Cig COHT:
while(True): =

if(i =— © and j == @) - AiEIRH GO R LOFOM Xg

print(""Unsolvable")
return

elif(j == 0 and i > 0)
posElement.pop()
if(not fixedIl[ill[jl):

OHE‘;- %Oll OI:EKH UgOlIZEI_

valieLal [51 = @& OIF] Ci0) OHKIDOL ooz %OI-“IIL-EI-‘
i —= 1
j = 8
elif(j=>0): UHE&- OgOl |OII~$OIEE
posElement.pop() OHLC} QIAI2 HEOOFKI OLO ALEHZ HiHOL
if(not fixed[ill[jl): §omig HE e 4 € 8%
valuelillj]l = o
i —= 1
AF(C] == —1)-=
i =1
if(not fixed[ill[jl1): 4y —'Ha'-q- ueny
valuelilljl = o Q9= BIY
j —= 1 OIRigjoz %Ol-“l'_!;
break
j += 1
AiF(j==9) = Og% %‘IH\F"
i += 1
j = 0o

print_value()
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openCV9 GaussianBlur, adaptiveThreshold % %1742+

d m
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THE END




