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# # 4371444021 : MAJOR COMPUTER SCIENCE

KEY WORD: ONLINE HANDWRITTEN RECOGNITION / BACKPROPAGATION NEURAL

NETWORK / FINDING CIRCLE / ZONE CODE / DOMINANT POINT
PAGORN BOOPASIRI : IMPROVEMENT OF ONLINE HANDWRITTEN RECOGNITION
SYSTEM FOR THAI CHARACTERS USING BACKPROPAGATION NEURAL
NETWORK. THESIS ADVISOR : ASST. PROF. WIWAT VATANAWOOD, 60 pp. ISBN
974-17-2253-2.

The objective of this research is to improve the online handwritten recognition system
for Thai characters. In order to improve input data used by the backpropagation neural
network, the enhancement is emphasized on data preprocessing, feature extraction, and
data encoding. The significant techniques used in this research are to find circles in a
character, to zone a character, and to increase encoding nodes. The finding circle
technique is used for precisely determining the circles by cross-finding and chain code
direction technique. The zoning uses five-zone code technique to divide the character in the
appropriate way for more accurate in classifying the features of the character. The
increasing encoding node technique is used to add up the number of data encoding nodes
especially for stroke and circle code.

The neural network experiment on 2,010 characters of the researcher's own
handwriting data showed that the recognition rate is.96.62%, with 1.79% incorrect rate, and

1.59% rejection rate.
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Line_Equation Cross_Point Chk_Cross
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1. Chk_Head
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2. Head_detect
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5. Cross_Point
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6. Chk_Cross
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# YNNFALUBIFAIEN T
def Chk_Head(plist):
head,foundH=0,0
newStroke=1 #true
fhead=plist[0]
,i2=0,0
found=[]
while i < len(plist)-1 :
# mq\ﬁ@uﬁq#ﬁ%nw,ﬂ?;ﬂuuﬂmmmiﬁmgn‘Eﬁﬁ'
if (i==5 and head == 0) or (newStroke==1 and i==i2+5 and dHead==head):
if i2+15 > len(plist):
L=len(plist)-i2
else:
L=15
head,found = Head_detect(head,found,plist,i2,L)
newstroke=0 #false
j=i+4
# MINTRUAYABNIVIARGR
StartP1=plist[i]
EndP1=plist[i+1]
while (j<len(plist)-1)and(j<=(i+35))and(plist[j].f<>2):
StartP2=plist(j]
EndP2=plist[j+1]
FoundH = Find_Cross (StartP1.x, StartP1.y, EndP1.x, EndP1.y, StartP2.x,
StartP2.y, EndP2.x, EndP2.y)
# WLQ9SaL
if foundH==1:
k=i
temp=I]
tempZone=[]
sumT=0
while (k>=i and k<=j):
# venTrusiausy ATBIY piTludaunilimesnssay
tempZone.append(plist[k].zone)
n1= plist[k].direct

n2= plist(k+1].direct
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ifn1-n2>=5:
n2 = n1+n2+1
elifn2-n1 >=5:
n1=n2+n1+1
sumT=sumT+(n2-n1)
k=k+1
# AIIRADUNANINUBIITAL
if sumT<=0:
Htype=1 # NIAURLLANNIINERND
else:
Htype=2 # A LULLNIUTNWRNA
# %ﬂﬂdﬂ@ﬂ]'ﬁ]\‘i’)\ﬁ"ﬂu ' IFIOWLLM‘LNﬂI’rN"N?ﬂ‘LI, mﬁmmqw@u, ANUIUNTAL
temp.append(tempZone)
temp.append(Htype)
found.append(temp)
head=head+1
i=j+4
break
=+
# natlfadneelininndn 1 alnam
if (i+4 < len(plist)):
if (plistli-+4].f==2): # nagd 4 andaiidualnsalis
# fiomumen | ke i2 WfsqnEuduaesalnselvel
i=i+5
i2=i
newStroke=1 #true
dHead=head
else:
i=i+1
else:
i=i+1
headzone=[0,0,0,0,0,0,0,0,0]
headzone[0]=head
for i in range(len(found)):

# UNANAILUUITR 999501
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Hzone=major(found[i][0])
headzone[Hzone]=1
if i==0:

headzone[6]=found[i][1] # AANNT89993 LT 1
if i==1:

headzone[7]=found[il[1] # iANN9UBI9I0LA 2
if i==2:

headzone[8]=found[i][1] # fiANN9999993017 3

return headzone

# M9AAAAYRIAURTIADIEY
def Find_Cross(Start1X,Start1Y,End1X,End1Y,Start2X,Start2Y,End2X,End2Y):
# Mﬁﬂﬁﬂﬂ‘ﬂ\iL'&Jwﬂi‘\‘iLL@&@Nﬂ’]i‘LﬁuﬁNWﬂ\i%ﬂ 2 L%u
LType1,y1,x1,m1,c1 = Line_Equation(Start1X,Start1Y,End1X,End1Y)
LType2,y2,x2,m2,c2 = Line_Equation(Start2X,Start2Y,End2X,End2Y)
# ddunsoaeadluaiaden i uazAnaaTun i dumsaedulaifamy
if (LType1==3)and(LType2==3)) and (m1==m2):
cross=0
elif ((LType1==1)and(LType2==1)) or ((LTypel==2)and(LType2==2)):
cross=0
else: # MqAARUBILEUAI
crossX,crossY = Cross_Point(LType1,y1,x1,m1,c1,LType2,y2,x2,m2,c2)
cross = Chk_Cross (crossX, crossY, Start1X, Start1Y, End1X, End1Y, Start2X, Start2Y, End2X,
End2Y)

return cross

# MNANNITAUR
def Line. Equation(StartX,StartY,EndX,EndY):
LType,y,x,m,c =0,0,0,0,0
dx=EndX-StartX
dy=EndY-StartY
if dx==0:
LType = 1 # dumsassanniuuny X
x = StartX
elif dy==0:

LType =2 # LEUATATLUALLNY X (ANTln 0)



y = StartY
else:
LType = 3 # 1@unelmaNdis = m
m = dy/dx
¢ = StartY-(m*StartX)

return LType,y,x,m,c

# miu%gmﬁm’mmuﬂ’mﬁum\i
def Cross_Point(LType1,y1,x1,m1,c1,LType2,y2,x2,m2,c2):

if (LType1==1) and (LType2==2):
crossX = x1
crossY =y2

elif (LType1==2) and (LType2==1):
CrossX = x2
crossY = y1

elif (LType1==1) and (LType2==3):
crossX = x1
crossY = (m2*x1)+c2

elif (LType1==3) and (LType2==1):
crossX = x2
crossY = (m1*x2)+c1

elif (LType1==2) and (LType2==3):
crossX = (y1-c2)/m2
crossY = y1

elif (LType1==3) and (LType2==2):
crossX = (y2-c1)/m1
crossY = y2

elif (LType1==3) and (LType2==3):
crossX = (c2-c1)/(m1-m2)
crossY = (m1*crossX)+c1

return crossX,crossY
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# mfmmmmﬁmuuﬁum\i%\mmLﬁu
def Chk_Cross(crossX,crossY,Start1X,Start1Y,End1X,End1Y,Start2X,Start2Y,End2X,End2Y):
cross =0
if ((crossX<=max(Start1X,End1X))and(crossX>=min(Start1X,End1X))) and
((crossY<=max(Start1Y,End1Y))and(crossY>=min(Start1Y,End1Y))):
if ((crossX<=max(Start2X,End2X))and(crossX>=min(Start2X,End2X))) and
((crossY<=max(Start2Y,End2Y))and(crossY>=min(Start2Y,End2Y))):
cross = 1
gui.circle(crossX*4,crossY*4,5)
gui.circle(crossX*4,crossY*4,10)

return cross

# M998 UANERD A mmm%ﬂﬁwuﬂmﬁmm\ﬁﬁ@gn%ﬁ
def Head_detect(head,found,plist,Start,Long):
i=Start
L=Start+Long
headtype=([]
whilei<L:
j=i
# ﬂ‘gmﬁimﬁum@\mw@uﬁ?ﬁmhmﬂu 74198 0 UAZARANINI2UANEHUIANY
if (plist[j]l.direct == 7 or plist[j].direct == 0) and j < L-1:
=+
while(plist[j].direct == 7 or plist[j].direct == 0)and j < L-1:
j=j+1
if (plist[jl.direct == 5 or plist[j].direct == 6)and j < L-1:
=i+
while(plist[j].direct == 5 or plist[j].direct == 6)and j-< L-1:
=i+
if (plist[j]l.direct == 3 or plist[j].direct == 4)and j < L-1:
=+
while(plist[j].direct == 3 or plist[j].direct == 4)and j < L-1:
=+
if (plist[j]l.direct == 1 or plist[j].direct == 2) and j-i <=15 and j < L-1:
k=i
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temp=[]

tempZone=[]

while (k>=i and k<=)): #nuesavulngdAAn19n191mNd N Rnn
z=plist[k].zone
tempZone.append(z)
k=k+1

temp.append(tempZone)

temp.append(1)

found.append(temp)

head=head+1

i=j+10

else:

head=head

# ﬁgmﬁluﬁummqw@uﬁiﬁmisﬁmﬂu 7 198 0 uasHRAN19NIFUNIuINWNRANT
elif (plist[j].direct == 1 or plist[jl.direct == 2)and j < L-1:
=+
while(plist[j].direct == 1 or plist[j].direct == 2)and j < L-1:
=i+
if (plist[j].direct == 3 or plist[jl.direct == 4)and j < L-1:
=i+
while(plist[j].direct == 3 or plist[j].direct == 4)and j < L-1:
=+
if (plist[j]l.direct == 5 or plist[j].direct == 6) and j-i <=15 and j < L-1:
k=i
temp=(]
tempZone=(]
while (k>=i and k<=j): #muesaulngdfiAn1an1221madutfng
z=plist[k].zone
tempZone.append(z)
k=k+1
temp.append(tempZone)
temp.append(2)
found.append(temp)
head=head+1
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i=j+10
else :

head=head

# Qméuﬁummqw@uﬁiﬁahmﬂu 5478 6 LATHTANIINI9auaNdNWIRNN
elif ( plist[j].direct == 5 or plist[j].direct == 6) and j < L-1:
=it
while(plist[j].direct == 5 or plist[j].direct == 6)and j < L-1:
=+
if (plist[j].direct == 3 or plist[j].direct == 4)and j < L-1:
=+
while(plist[j].direct == 3 or plist[j].direct == 4)and j < L-1:
=i+
if (plist(j]l.direct == 1 or plist[j].direct == 2)and j < L-1:
=+
while(plist[j].direct == 1 or plist[j].direct == 2)and j < L-1:
=+
if (plist[j].direct == 0 or plist[jl.direct == 7) and j-i <=15 and j < L-1:
k=i
temp=(]
tempZone=([]
while (k>=i-and-k<=): #nuessaLlngNAANIINA3WANNLT 1L RNN
z=plist[k].zone
tempZone.append(z)
k=k+1
temp.append(tempZone)
temp.append(1)
found.append(temp)
head=head+1
i=j+10
else:

head=head



# @mféuﬁum@mmuﬁ@ﬁﬂ%ﬂmﬂu 59178 6 LAZHTAN1INTI NI NWANN
elif (plist[j].direct == 7 or plist[j].direct == O)and j < L-1:
=+
while(plist[j].direct == 7 or plist[j].direct == 0)and j < L-1:
=i+
if (plist[j]l.direct == 1 or plist[j].direct == 2)and j < L-1:
=it
while(plist[j].direct == 1 or plist[j].direct == 2)and j < L-1:
=+
if (plist[j]l.direct == 3 or plist[j].direct ==4) and j-i <=15 and j < L-1:
k=i
temp=(]
tempZone=[]
while (k>=i and k<=}): #nLU29700 A dAAN19N12MIRT U RNN
z=plist[k].zone
tempZone.append(z)
k=k+1
temp.append(tempZone)
temp.append(2)
found.append(temp)
head=head+1
i=j+10
else:

head=head

# Qmﬁmﬁummm@@uﬁsﬁ@hmﬂu 3 1198 4 uarANANIINNsauR N RUI AN
elif ( plist[j].direct == 3 or plist[j].direct == 4) and j < L-1:
=it
while(plist[j].direct == 3 or plist[j].direct =='4)and j < L-1:
=+
if (plist[j].direct == 1 or plist[j].direct == 2)and j < L-1:
=+
while(plist[j].direct == 1 or plist[j].direct == 2)and j < L-1:
=it
if (plist(j]l.direct == 7 or plist[j].direct == 0)and j < L-1:
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j=j+1
while(plist[j].direct == 7 or plist[j].direct == O)and j < L-1:
=i+
if (plist(j]l.direct == 5 or plist[j].direct == 6) and j-i <=15 and j < L-1:
k=i
temp={]
tempZone=[]
while (k>=i and k<=j): #wu29saulnadfAn1an1auA NI RN
z=plist[k].zone
tempZone.append(z)
k=k+1
temp.append(tempZone)
temp.append(1)
found.append(temp)
head=head+1
i=j+10
else:

head=head

# qmﬁmﬁquQQQ?@uﬁ?ﬁmeuLﬂu 3 %198 4 UATAANIINIgaumaudNWIRnn
elif (plist[j]l.direct == 5 or plist[j].direct == 6)and j < L-1:
=i+
while(plist[j].direct == 5 or plist[j].direct == 6)and j < L-1:
j=j+1
if (plist[j]l.direct == 7 or plist[jl.direct == 0)and j < L-1:
=it
while(plist[j].direct == 7 or plist[j].direct == 0)and j < L-1:
=t
if (plist(jl.direct == 1 or plist[j].direct == 2) and j-i<=15 andj < L-1:
k=i
temp={]
tempZone=[]
while (k>=i and k<=)): #nuesavlngdAAN19N1291 9L 1NUIRNN
z=plist[k].zone

tempZone.append(z)
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k=k+1
temp.append(tempZone)
temp.append(2)
found.append(temp)
head=head+1
i=j+10
else:

head=head

# qpisuduresnssauflsvialsudu 1 si5e 2 waziifAnasnauniuduung
elif ( plist[j].direct == 1 or plist[j].direct == 2) and j < L-1 :
j=j+1
while(plist[j].direct == 1 or plist[j].direct == 2)and j < L-1:
=it
if (plist[j].direct == 7 or plist[j].direct == 0)and j < L-1:
=+
while(plist[j].direct == 7 or plist[j].direct == 0)and j < L-1:
=+
if (plist[j].direct == 5 or plist[j].direct == 6)and j < L-1:
j=j+1
while(plist[j].direct == 5 or plist[j].direct == 6)and j < L-1:
j=j+1
if (plist[j].direct == 3 or plist[j].direct == 4) and j-i <=15 and j < L-1:
k=i
temp=(]
tempZone=(]
while (k>=i and k<=)): #wua9seulagiAAN19N12UANNE NLIRNN
z=plist[k].zone
tempZone.append(z)
k=k+1
temp.append(tempZone)
temp.append(1)
found.append(temp)
head=head+1
i=j+10
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else :

head=head

# @gmﬁmﬁummqw@uﬁ?ﬁﬂmﬂu 19178 2 uardiANIgNITaUnudnuIRng
elif (plist[j].direct == 3 or plist[j].direct == 4)and j < L-1:
=+
while(plist[j].direct == 3 or plist[j].direct == 4)and j < L-1:
=+
if (plist[jl.direct == 5 or plist[j].direct == 6)and j < L-1:
=+
while(plist[j].direct == 5 or plist[j].direct == 6)and j < L-1:
j=j+1
if (plist(j]l.direct == 7 or plist[j].direct == 0) and j-i <=15 and j < L-1:
k=i
temp=(]
tempZone=[]
while (k>=i and k<=)): #nu97eulnedAAN19N179% R 1UIRNN
z=plist[k].zone
tempZone.append(z)
k=k+1
temp.append(tempZone)
temp.append(2)
found.append(temp)

head=head+1

i=j+10
else:
head=head
else:
head=head
i=i+1

return head,found
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