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ABSTRACT

This thesis proposes a new neural network approach to handwritten Thai character
recognition that does not require feature extraction process. In preprocessing, the input is divided
into 9 equal windows and input vector will be extracted from each individual window. This new
neural network is a hierarchical neural network; it employs the concept of a weighting matrix in
measuring the similarity between the incoming input pattern and the reference patterns. The
proposed hierarchical network model has four layers which are input layer, hidden layer, cluster
layer and output layer. The handwritten character images used in this study are the Off-line Thai
Handwritten Character corpus developed by the National Electronic and Computer Technology
Center (NECTEC). This benchmark data set is written by 63 people. Each person was asked to
write 42 Thai characters 3 times.

Our experiments are performed in 2 modes, which are a writer dependent mode and a
writer independent mode. The writer dependent mode, two examples of each writer are used for
training and the remaining one example is used for testing. In the writer independent mode, data

set written by 42 people are used for training and the remaining 21 data are used for testing.
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2.3.1 Human Face Recognition using A Spatially Weighted Modified Hausdorff

Distance Woulag Kwan-Ho, Baofeng Guo, Kin-Man Lam taZ Wan-Chi Siu [6]
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2.3.2 Spatially eigen-weighted Hausdorff distance for human face recognition
weulay Kwan-Ho, Kin-Man Lam tta2 Wan-Chi Siu [7]
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2.3.4 An Approach to Word Image Matching Based on Weighted Hausdorffl
distance 19841A8 Yue Lu, Chew Lim Tan, Weihua Huang 1a¢ Liying Fan [10]
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2.3.5 Off-line Handwritten Thai Characters from Word Script wWoulay Suraphun
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2.3.6 Distinctive Feature Analysis for Thai Handwritten Character Recognition
based on modified Stroke Changing Sequence Woulay P. Charuengwiwat, S. Jitapankul,

L. Wuttisittikullij ttas P. Seehapan [12]
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ADDAUUAVDIUATAE A LDE B [16)
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d(a,,by) = 05
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B 39
_1L1x05
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1 1 1 0 (06] O
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0|1 1 05|02 0
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&
AIUU
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Y

JuADUN 4 AUIUAT D(A,B)

D(A,B) = [ d(a b)]+P +P,

e

=1.8939

( 316+025+02J 14008

o .’J ' ' ' a =1 4
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" o o A o "
animiinues TnuanilalumanuaiRedtuiia DA, B) =1.8939



uni 4
: Y a d 1 : w 1 v
ﬂ]iﬂﬂﬁi’]ﬂﬂ1iﬂ'5$§!ﬂﬁﬂ‘ﬂmﬂiﬂ"lfﬂ'lﬂ'l?‘i‘l—lﬂ‘i')ﬂﬂ‘l]

uppdaeslasavielszamimesnuuIAuTUa I UMII0N

Qs

- | =
HONEIMENDVLUNIH Ing

3/
4.1 vayanaaauUITUY

14
Fadnusndyruz Invisznoudiu 44 Aafedaud n e 8 ualuilegiiud lifims 19

o o o o d‘ - o o [ n‘:’ = - o :; 3/ P a =
NOYFUSAIN 3 HASAIN 5 AD “4” AL “A” MUY muuNmaﬂwviyw:nhaqﬁ]mwua
3 ¥
42 #1 Aromaiimsnaaeuszuumsihididnysailolsuvesnuissiilmansaiy

o o

¥

AONYINTYTULIIUIY 42 Aaniuy

v w ] = aq ¥ = oA

Yoyadrdnysarvilollouniv Inonldluninaaeviszdnsninvons

9 ¥ a ¢1 0 w 1 o ° ' -t o w o v
Uszgna s ndaniminswdunuuiiacs Inssolszamifosnuuddusuiiudoya

A A 9/ o aa d Y o = d ) a4 v

awiiol@ouvesgiudoyagudma lulatdannsetinduazAduNAADIUHITIA FIU0YD
Fanansusmnndidousiuau 63 auihunawo 28 ALIAZINANDA 35 AL DIYRNTLYDA
naufiouegszning 2029 7 Tavdivuudazauziloud Ny sndyyuzaiiag 1 A200Y3
° ¢ v o ya ' ay A o ay dq
$1mu 3 a5 Anfudiiounrazausziidoyamuilodouauas 3 e saiidoyaildlums

¥
NARDINIUUATIUIY 63 x 42 x 3 = 7,938 A7

M1 4.1 FretAIonysniyruzaviioouniv iny

Nl e | w9 a| e
¥l | o a | oa|
wolow | ®m| @ e | e
Bl oW | WA W e | o
RN NE-AEGEE
@ | ¥ | & | W || 8| e




40

o ¢
4.2 ﬂ]iﬂ'l“‘llﬂﬂ'li‘lﬁlﬂﬂi'ﬂﬂaiﬁﬂ‘u
) a sAY e aw ’ g
mwmniimeingeanmualunisnansaiinane 11
[ " - " [ 41‘. ar " = :i 3
LA P Wumiszoemaniemanuaniveusuldsenianimduynidun
- [ Fd o a o o 1 -:a’ Vet ' " =
Foudnunmluaadieds ini ldihmsnaassnisdmuamiiniisiegszndinze o ta 1
2. M1 py, WUAITZLZMINTEMANUA RN 1Tz nindennmBuyniidh
- Y o =1 a a ° o i d’ Y 1 "
mmmgﬂuuaﬂﬂmwimﬁaﬁnm nni ldiinsnaassnistmuamiiliiimegsznine o
030.1
1 =Y o o o o 1 :‘ LY
3. W53 ansumsdsuanimin
C ,Rpﬁﬁw
wi(t)+¢, R, NR,

wi(t)-¢c; ,RpnR,
0 R, NR,

wh(t+1) = (4.1)

1 A4 1 o o A w o Yt 1 ' . =
M ¢ AeAniminiGuAuszfmuaTilmMoysznIen 0 a1
o 3 1

1 ¢, ¢, AomasnmomutazaaszruanudAgAnhminawddy szdmuald

Tiimegsznina0d 1
o a A - I @ 1 -

4. SIMUANIAYDIYARIRLUIIATNTN IFNsmsTamAIumilaus TR IInINEUNN
P 3 =1 9 o 3 = aid’ ° 9 a A = o
ndnBoudiunmTuaadeds luntseimualigadBoumningivig 3x3

U = o " ' °
5. AMMWITIVRDIVOITUNITHIAINIIUATINIUIULND (penalty of row)

P, =r€x

NA -NP| 4.2)

" " o =) Q’ U 1 o o 1 1 o
i r, Aomdulszanivesminnuaeiannd fmualdiinunny 0.5

6. MNITIADS VDIAUMIHIAIAINAIUIUADHINT (penalty of column)
P =1 xIN:‘ —N?l (4.3)

' " o a o J ' ° o d o 1 ' e
i r, AemduilszAntuosmanuaimauaedmi fmualdlisumiy 0.5

4.3 WamIinaaod

14
minaaesluanuisoiilsznoudln 3 ganiinaaoa fie

[
=t 1

‘: A o 4 s =
MInAaei 1 Minansuionadeunijihimeiedounvuegivdidou Taolunis
nagovzimanSouiolsz@niamlumsiauvesdanessuiminaueiunuiivves
Arit Thammano a2 Songpol Ruensuk [17] 1 lATimshmsiassuznauuvegaasonae
o 9y o S 4 o Yt o ' ' u’:
unugan 145 msuisdorinuun TaowanTimimdumuveandazaaianoudunou

msiioud awasnanInaaeh 4.2 9 19dydnyel WM uaz MED unumaiiniznisia

[
- e

v ' b4
SLUZNINUASAFANIIMITNNUIV0T

] o

AgustazUItemi s vumouaudia



41

@ YA

4 . o fg o
msnaaeei 2 Juminaasaiionageumsiiimeiiodouin hivuegiudiioulay

s o

msnagouzimsiSouioulszansnmlunisiauvesdaneisuminaueduanuive
494 Arit Thammano 122 Songpol Ruensuk [17] ATUA1519HANINARDIN 4.3 vz 1¥Foydnual

o o

v " v
WM 1az MHD unumaiiniimsinszoznianinuasnaaniminnauiseviinausuas
oo d‘ o = o o
mvemhnsoumouaudisy

P 4 a i e 1 o =
MInaaean 3 Wumsnaasuie ldmaseuaunaguiiniwaunmsusudonninig

o

uanAAuYeIn sy s 1§ lunmsnasssiinadelszininmlumsiiidsnys
- L] a .::’ Yt o ° ] -]
w30l lumsnamouauuAguil ldinssmuasumsuisdenamiiu 4, 9 uaz 16

4
uaon

Tar Y

i o W o '&
4.3.1 minAaeai 1 : MInageumMsiasnysawiletounvuegiudivem

- o

3 - - L4 9 o aAa d
Joyaarwiolounvvee lavivesgudeyaguimaluladdiannsetinduas

- |

=y o ] an vy d 9 ° & " a9
ﬂﬂﬂ“']lﬁf}ﬂl“Qﬂf1ﬂ1ﬂlﬂu5‘)u5']Hi]'lﬂﬂlﬁlﬂ“ﬂ'l”']ﬂ 63 AU "INllﬂ‘ﬂzﬂu“s}l'ﬂﬂnaﬁ‘mﬂﬂﬂlﬂu

u

14 ¥
auaz 3 1wa manivumsnansaluyaiiszutafoyamuilodouimam 2 isnvosdiiouns

3 ) o =) by 9 a A b o n‘v’
HURA 63 ﬂuL‘i‘lumagﬁﬂmsumisiuuzuawagamnaﬂaﬂ 1 l"ﬁﬂhl')ﬁ'lﬂ‘.i'ﬂ'ﬂl‘lﬂﬂuﬂ'lﬁﬂﬁﬁﬂﬁ

3
@ @

duiudaiidoyanlilumsBouidan 5,292 dunziideyanldlumsnacouimau 2,646

[

M
=] o o 4 o @ o ~ dlg L
mawsvugatoyadimiunsnansuiionadoumsiidisnyiaileouivuey

@ 9

E ¥ v o o
viidou 18vagadoyald 3 gadail

A e P

Joyayai 123 szwisdoyamoiloMousai 1 vazwaii 2 Wudoyadmivns
a4 oy Y A A = ) s w
Gouduazdoyamoiiodouani 3 Wudoyadmiumsnadoy
) & " 4 o P = ¥ o w
Joyayad 132 szmisdoyamvilodouaaii 1 vaziai 3 Judeyadinivms
o oy ¥ A A = ¥ 0o w
Gouiuazdeyamoilomvusai 2 Wudoyadmiunmsnaaoy
Joyayaii 231 szmisdoyamuoiiodouwyai 2 uazivad 3 1udeyadimivms

Ay ¥ A A = "]i_l Y o w
liUuZtmx‘UBuﬂﬁ'lﬂliﬂl‘l]ﬂul“ﬁﬁﬂ 11 N'Ilﬂuuaﬁ'\'ﬂﬁllﬂ'ﬁﬂﬂﬂﬂl]

:‘ Yo o @ I - | JJ o 9o
MTNN 4.2 HANITNANDINITIVIAIONYI MYUDIVIUNTUDYNVHIVOU

% anugnasslumsin

WM WM
MHD e ] o v o
(lifmswiaudennm) | (w9 vdennIw)
doyaygah 123 62.59% 73.96% 77.55%
Joyayan 132 61.68% 75.32% 78.08%

Joyayah 231 59.26% 73.39% 77.10%




42

[
T o

Joyayai 123 vinmsnaassannsaagl Idhmatialmininaue Tas Tulinsmia

o ° I 4 o d °
vdennmIianugndealumsish 73.96% uazldunlunisdanudeyadamu 1,189,350

#NIA (15 x 15 x 5,286) TA0TNISAMUARIWNISIINGS p o, C, ¢, AT ¢, 1AV 0.01, 0.5,
0.02 1Ay 0.02 MudFvLaznsnaaeumaiinlndfiinaue Taomsuuanimidu 9 vaenld

v Vo )M!’ a v o 9 o -
anugnAnalums§s 77.55% uazldrunlumsdanudeyasiuau 423,025 wWniaa (S x 5 x

o i

16,921) TaofimsMMuUARINIIITINGS poes Pyo» s € AT ¢, NNV 0.01, 0.1, 0.5, 0.02

]
ar 1 = o

waz 0.02 MudAy damamdteihunSouion ianugndeslumsis 62.59% uaz 19

v °

wunlumsianudoyasiuau 1,188,900 Aina (15 x 15 x 5,284)

Y

Yoyayah 132 inmsnaassanninagy 1dhmatalnifinaue laslulinsus
o

o o I 4 o o
vaennmIanugndeslumsis 75.32% uazldiunlunisiamudeyasuam 1,190,700

Anwa (15 x 15 x 5,292) TaviimsMmuamwIsiines p ., C, ¢, 1ag ¢, MY 0.01, 0.5,
0.02 ua 0.02 mudrdunazmsnaasumaiinlniiinaus Tasmsudanwmiiu o udonld
anugnanslumsis 78.08% naz g lumssafudeyadmm 422,800 finira (5 x 5 x
16,912) TaolimsMmuafImIsIiines po., pyea» C> ¢, H0T ¢, 111V 0.01, 0.1, 0.5, 0.02
ez 0.02 mudiy daweaneddeiiunSouiouIianugndealunsis 61.68% naz1y
ﬁuﬁ"lunﬁ%”mﬁm’fﬂu“aﬁmu 1,189,800 #iniwa (15 x 15 x 5,288)

9y — g - P o (=) 1
Yoyayadi 231 inmsnaassannsoagyldhmatnlmiminaueTavlisinsuia

vaenamIianugndoalumsis 73.39% a1 lumsaifudeyadmon 1,190,475
Rna (15 x 15 x 5,291) Tasiimsfmuanmsiimes py,, , C, ¢, 1ag ¢, 111V 0.01, 0.5,
0.02 uaz 0.02 MuAEuIAzMINaaoumaiia Insifiiuaus Tasmsuisn i o uden1w
anugnAnalumsis 77.10% a1 lums safudeyadiam 426,325 finea (5 x 5 x
17,053) TAuSmMsAmMuUARIMINITINGT poy, Py C € UAZ ¢, 111V 0.01, 0.1, 0.5, 0.02

waz 0.02 Muddy drwandseminnnSouio¥anugadedlumsis 59.26% uazld

4 ¥
wunlumsdafudoyasiuau 1,190,250 Nniwa (15 x 15 x 5,290)

a Yo v w A o iy 1= rw v
4.3.2 MiNAaoIn 2 : mmﬂafmmﬁgmmanmawuawuuﬁ'lwuaqnmgmw
A o e o - - rJ T 9 a d’ ]
mi‘nﬂﬂmmaﬂﬂﬁﬂumii'inmﬂnyimﬂuamuuiﬂu'ln'uuagﬂngwuuu'lﬁ'um

Y A - 9 A ° 'i.j T { ¥ s sml P ’ll
'uauamuum‘uuu'umgl.'uuuinu’m 63 AUILUU 2 ﬂqnmu ‘ljﬂﬂlﬂuﬁﬁ‘iﬂ‘ﬂ umitiﬂuz JEnNay

» ]
Zrudeyaawiledouns 3 waveadidouimnu 42 au luvazidoyaildlumsmacouiiv

9 o o

o o 9 - A A a - v w > Ay 41 wl
ﬂ]ﬂuﬁﬂ’]ﬂﬂﬂlﬂuu‘“ﬂ@ﬁﬁlﬂuﬂlﬂﬂﬂaﬂ 21 AUATUNY 3 AT UNU ﬂquuﬂzﬁ‘“ﬂgaﬂ P LUNT

Foudsmau 5,292 Muazdoyanldlumsnadouiuam 2,646 A2



43

=) @ o @ o = d. ln: "o -l

mawssugadeyadmiunmadeumsiiiidnysawiiedoui hivuegiudidou
uanzygasziimsquirwuvesdiiounsdoyanldlumsGouiuazmisnaaey Taouaazyga
9 = = 3/ o :t’
Yoyailswaziduadoyaguasi

3 ' a

Joyaguyan 1

b o o - 14 14 | 9 o w

Joyadmiumsisouidszneudlvaiviloouvesilsudaun 45, 15, 31, 9, 32,
49,21, 57,41, 52,27, 3, 33,28, 11, 38, 13, 16, 51, 34, 7, 50, 18, 60, 55, 35, 39, 17, 5, 30, 10,
19, 44, 37,40, 2,47, 20, 61, 29, 63 L1az 26

Yoyadmiumsnadeulsznoudrvarwiio@ouvesiloudiun 14, 48, 6, 23, 59,
24, 46, 25,42,53, 54, 12, 58, 4, 22,36, 1, 62,43, 56 line 8

Joyaguyan 2

Y] o = 3 1Y A A 9 o w o

Joyadmiumsisouiisznoualvniviiotouveadilouddui 60, 39, 10, 31, 48,
45,29, 22, 59, 44, 35, 33, 58, 16, 7, 30, 20, 51, 5, 46, 14, 49, 13, 61, 42, 53, 25, 9, 28, 26, 37, 6,
21,52,2,34,24,32,40,57, 54 1102 18

Yoyadmiumsnaaevlsznovdvawilofouvesfiouddui 1, 4, 11, 56, 36,
62, 38,19, 23,27,43,12, 15, 3,47, 17, 41, 55, 8, 63 l1ag 50

Joyaguyan 3

YoyadmiumsiSouddsznoudivaniioliouvesdilivudrdvi 30, 22, 1, 63, 29,
37, 28, 49, 53, 52, 16, 14, 38, 62, 10, 31, 5, 7, 60, 40, 25, 23, 42, 39, 61, 33, 45, 36, 32, 17, 4,
35,11, 12, 3, 18, 15, 43, 56, 13, 9 L1ag 58

Yoyadmiunmimadeusznevdwawile@ouvosdilioudAaui 20, 27, 19, 34, 55,
8,57, 54, 41,24, 50, 2, 6,47, 21, 59, 51, 48, 26, 46 AT 44

as

ﬂi Yo o w A A u; ] Y A
M3190 4.3 wamInaaeamsismsnysawilodou Tasluvuegiviivon

% AnugnAeelunsih
WM WM
MHD (7] ] d v o
(hﬂlﬂ'ﬁllﬂwﬂjﬁﬂﬂﬂ'lﬂ) (13 9 VaBNNIN)
Yoyaquyan 1 56.69% 69.95% 73.28%
Joyaguyah 2 59.30% 69.58% 73.70%
Joyaquyai 3 58.01% 70.48% 73.43%

i { ' a 1o 1 ' =1
Yoyaduyadi 1 MiAnamsnaasnud matialmimivaue Tasluiimsuisuden
° g { o o o a
amlianugndealumsish 69.95% naz 18 1Fwunlumsdanudeyaduau 1,189,575 #in

10 (15 x 15 x 5,287) Tavfimsfmuanmsiiines p ., C, ¢, 4oz ¢, 1My 0.01, 0.5, 0.02




44

o o =) [ o W
uay 0.02 muddunazmsnaaoumaiia Intiiinaue Tasmsuianmitiu 9 vaenliaau
¥ ]
andoalunisis 73.28% uaz 1A1¥NuRTumsTaiudoyaiau 417,925 fina (5x 5 x
16,717) TaufinsMmMuammIsiines p,., P> C ¢, 10T ¢, 1111V 0.01, 0.1, 0.5, 0.02
uag 0.02 Muawy dauanudleminnnSouiouldanugndeslunisis s6.69% uazld
4 o v o o )
wunlunmsdamnudeyas i 1,188,900 Wnwa (15 x 15 x 5,284)
Joyaguyah 2 vnramsnaasany maiialmifiaue Tashifimsuisnden
v ]
amlianugndoalumsii 69.58% uaz 141FAuA lunsSanudeyadiau 1,189,350 in
19 (15 x 15 x 5,286) Taoiimsmmuanmsliines p,., , C, ¢, 1az ¢, M 0.01, 0.5, 0.02
o o - 1o ° [ o [
1oz 0.02 mudduazmsnageumaiin Iniiiuaue Tasmsuisnwiu 9 vaonlina
gndealunsis 73.70% uaz 1819 HuRluns Saudeyaduau 420,700 finsa (5x 5 x

16,828) 1atTiMsAMUARINISITIADS ppy, Pysas C» € HAZ ¢, IV 0.01, 0.1, 0.5, 0.02
1Az 0.02 Ay damaudseihunSouien anugndealumsis 59.30% uaz 14
ﬁuﬁ“lums%’mﬁu%yaﬁmau 1,188,675 Wi (15 x 15 x 5,283)

Joyaduyaii 3 MinamInaneanyd maiialmifiineaue lavhiimsuiwden
nlianugndeslumsii 70.48% uax 1819 HuA Tumssaitudoyas 1,189,125 fin
10 (15 x 15 x 5,285) Taolimsfmuanmsiimes p.,, , C, ¢, 12 ¢, 1M1V 0.01, 0.5, 0.02
waz 0.02 Audduazminageumaiialnifiiuaue Tasmsuian iy 9 udonlda
gnaealumsii 73.43% war 181 AR Tuns Saifudoyainau 421,600 fniwa (5 x 5 x
16,864) TauiimM3fMuUARINIITITINDS ps Pysas Cs € AT ¢, ML 0.01, 0.1, 0.5, 0.02
waz 0.02 Ay dauadieiihunSouionldanugndealumsish 58.01% uazld

¥ ]
wunlumsdanudeyasuu 1,188,675 iniwa (15 x 15 x 5,283)

43.3 M3NADRIT 3 : MInameudNIUVGeNVEINM I IIABNANAITNYS

amilaonsan Insssiolssamifonmuidusuiinaueysznoudae 4 Fuftotu
UM Fudou %uﬂa”ﬁmm’ua:%uLmﬁwnmuﬁwﬁn Tﬂﬂ%t:%ﬂmnﬁxﬂ%«ﬁamsﬂms
wiadhuang Tasinuveusamudvonsaestuiiaoandesfusmuudenvos
M3uLauAennINAIBIYS qm‘i‘ﬁuffﬁ’fmmmﬂﬁauﬁuuﬁgmi1§1u’1uu?\aﬂmmmsuﬂq
yionmmituandaiuvesn misnusiinnlflumsnanosiinadorszansamiums
§$1nysnie i Tumsnagevauuigiil aimssmuasnoumsutaudonnmii 4,

9 uaz 16 uden Az 4.1 -



45

§ T N ENEN N 8

i .. L]} I @ B
H o A . ; P & SR

T 1 *{‘T 1
o ___‘f l e
. Iz [ [ - ]
Il'l | ! i i { : i‘ 1§ =
' o ] [
(a) MILULININ 4 VDN (b) MIULIN N 9 Uﬁaﬂ (c) NMITLUININ 16 'uﬁan

517 4.1 MsuanmEIBIYIVIIA 4,9 1Az 16 VADN

1 o o a -] o o w
ML mAIINBIVIIA 15x15 Anraiu 4 vaenn ez ldvinavaen limi
=2 a w o ° 1 o u‘.r’ [~ aAy ¥
Jaud v Tasmsiuinauazaedniveaganmunsmiuedsaz 1 uad Aniuuaenn i
afivuna 8x8 Ainanazamilaonssuves Insavwdmiumssouddisnushignuiailu 4
d 9 a’: a n’: [ aa 4 1 o' a’: =
vaonzlsznouAIFUBUNNUATFUFOUNT 4 IvAIUA TasiAazIAmUA TUFUBUNNIL
Ao = A o ' 3 ' =2 9/ = ] d 1 =
s Tnuananfowamuaoy 64 Tnua AIUTUFOUDIILINMTHUAFAUUAIFUIAL)
wn‘:q 11 o q‘.:qqu'J (K" o ' = nh::sl
fususuynua i Tnuavesduil hinshvuegiumsimuammaiimeinlslums
=) y u’: & o .y o d o
Fouisaunia Inuavessundmasiade uazduomynaziis i Inua 42 Tnua
' v W 4 4 ' o y o Ha a
msutan Aty siiiu 9 vdeniivinaniig fues ldudennmntivia sxs wnia
] ¥ ¥ "
uazaoilaonisuvoslnssiohl¥lumsSoudszlsznevdrosudunnuasFugouign
' o 3 S a i & 1 > [
waihu 9 wamud Taoudazmanudvosiudunmezd 25 Thua doudugeu sundanes
¥
o o 1 =
oz mymzmilousuaniilaonssuveamsutwdonnimuuia 4 vaen
] v o o = o =a A v
mInanmmsnesiiiu 16 vdendoalimsANTUMSINNLAILATABAUIVDIFANIN
1 a ' o o e’z’ 1 -3 — a
yruguReiumsuanmiiu 4 vdon Aniundazuaennmi laviivua 4x4 Wnwa uaz
' q’: a 3 v 4 o ]
anilaonssuvesInseiveddusunmuazdugeuilsznoudan 16 amud laoudazian
(5]
Al 16 Tnua
- ¥ o o a d’ 4 - - Y
mswsoudeyadimivnisnadouauuagiuilsznoualvauiovuuvoHvyY
v L
$u2m 15 auniimRudiToudsil 3,5, 10, 15, 18, 26, 35, 36, 40, 43, 44, 45, 48, 50 LAz 55 1ay
1 A A = - ¥ o & - ¥ Y 4~
wisdoyameiodowaai 1 naziai 3 udeyadmivmsisouiuazdoyaaviioion
' ¥ ! a
e 2 Wudeyadmivamimaaen aniudalideyan ¥ lumsiGouiimam 1,260 Auazil

P P

JoyanlFlumanaaeuiuim 630 1



46

M13190 4.4 HANITNABDIVOINITUUILADNNIN

Swaumsmiaudennm 4 vien 9 udon 16 vdon
. L
$1u Inuasugou 3,851 5,344 4,498

b
S wuTundmnes 1,252 1,253 1,142
naundvlumsiGouiaedoya Guii) 2.40 3.06 2.77
pawedsluminageuasdoya (i) 4.63 5.55 4.57
anugnasalumsis 78.41% 78.10% 79.68%

MARaMINAaINDIIMsIsdenn i 4 udenlianugndealumsi
78.41% 1A lATIMIMNUARY piey, Pyoa s C, € HOT ¢, N 0.03, 0.1, 0.6, 0.02 1AL 0.02
LR
’ ) Vg o 4 ¥ ¥ Yo

VNNHANINAADINDIINSHLIIDABNA NS IUIY 9 vasnlRANugRABIluMIIN
78.10% Tau TANMSAIMUAR poey, Py s Cs €, AT ¢, M1 0.01, 0.1, 0.7, 0.06 1A 0.06
MUAAY

1 ] o o -] v v 3o

NNNANIINAADINYINMTULIVABNAINTIUIU 16 VAN IHANNYNABIlUMIZI
78.41% Tau1ATIMIMNUAR poey, Pyss C ¢ HOT ¢, D 0,01, 0.3, 0.5, 0.02 1Az 0.02
MUY

{ 3 ' o o o =

Tumsnaaesi 3 i ldnagounsutwdonnmaadnusiiu 4, 9 uaz 16 vonsn
msnaaosansoagl ldhinnumsidennmiuanaeiuldszdniamiumsii
o o @ i o o a a
sdnusawilomon1d1ndiRestu Tasmsudsndennmiuau 16 vaensz Iyszdansnmn
Tumsisanga dunalaomaoildlumsSouiuazmsnaaoudeduaudoyavesns

1 =] q’: U 1 o = o
wispaennmita 3 nuvegluseilndiveiumn



UNN 5

agUwamsidanazvoravouuz

5.1 aglwamsize

q'-r @ ' a = o L4 H ' o "
Taona1dudd28nus Inouaaz ez iondnyainmiznuanaiaiu od191sAay

a =1

@ w = G - w ' b 4 4 o o
ganaiiiadnusdnnarogiiinnuadiondatuuin vy ¥ o g g n N 1dudu Fadadnus

¥ "
marivzdenalilszdniamlumsiiiisnusiinnugndeniosas uaztduiiumsis

o e -~ - ] t."l ~ ] =
manusmuuawuuuﬁ'wzxﬂuqﬂﬁisﬂﬂmammummngﬂuuummuu-uaumazﬂuwu
ar - [ o [ - = 9 3 Ay Qs =] - et s
anvazNuana1eiy Wy Msvoudss A msedunds msoun lulinsvuiai
¥ v
Wuae nMs@ouniedasnysdunssoruana1any Wudu aniumainauomaiansaa
a 1 @ e d'l o S o " o o = 9 -1 )
Auanvaziauvesonysiveri ) 15lunmssuunnquaidnystunivziinnugnasslu

3o 1o A8 o w o o ] a v A " Y 9 9y J
AR AL llﬁUQﬂQlJ‘Uﬂi]'lﬂﬂﬁ']‘H'i‘ljzljlulﬂﬂ'ﬁwﬂu‘ﬂﬂﬁ'lﬂ'r‘i'ﬁ'lUﬂﬂﬂﬂﬁ'l')lJ'lLlﬁ’]‘UNﬂu EIR

" ° @ y o = o A o
p19g hiamnsoh s T 190mesd Tdnuimin

o 3 a e ;d 1 Y by Y o w w 1 o = 9o

aatuamdtiitujaiunszudilgmidedinadinan lasmsiamaiialums i
o - = L] [ 1 o o A Iy Yo e
fonusailadiouniu ne Taolulimsguanyuziauvesdaonys e 11 1835ms Tniun

o a o P4 a - ' ¥ o

au130ssfumslouivanvatsduuunvunazianutangulums lsaunuyga
Foyaduq Miudeyauuylundmu feyanmlunihau udy

ms3imsnysmvilodounin Inelas lilimsAsudnyuziduvosnmininaue
L4

¥
L |

= ] ) " = o W IS
faoilavnssuveslassvwlszamiouiulas sl ssamionuuudrdusuning
aq 3 a o :c a w1 - | ' a "o v = 9 o
Uszgnalfmsndaniminlumsiamanumilousznhanmduyniiuisougiunm
a & o o
Tunadeds Fadoyanldlunmsnaaevszvuiludeyaarviiodounvueevlarinin
9/ o aa d o  d o d ao w
gudoyavosguimaluladdidnnseiinduazaoniunesuranasim 7,938 @2 Tavlu
uAazmananoaezimsuisdoyasemilu 2 yafoyadoyanldlunsGouiimom 5292
dnazyadoyanldlumsnaceuimau 2,646 i
- A o A A ci:# Ve 9 A
minaaee 1 uminaasuienadoumsismwilo@ounyuegiudivon 1nma
1 = 14 o et ' o o 9
minaaosagl 1dmsmadeumaiialmimivaue Tav hilimsmiswaennmiugadeya
$1uau 3 galdlszansamlumsihidsnusavilodon 188 nedteminnnSoumoy
ag o w ' 3 - v o
TaolnmgnAeadTy 18.18%, 22.12% uaz 23.85% AWAAY ud lalFwunlumsiany

FoyauInnn 0.04%, 0.08% uaz 0.02% AHIAY daumInaaoumatialmiiinauelay
¥

' o o @ 1 a o a a W e
TWimsutaniiu o udendugadinagoi lddszdaniainlums {iiddnus

- oo

4 A g . o
muitoouAmuiunnuItominnnToumouna 23.91%, 26.59% Haz 30.10% AAIAL



48

s [ a Ay qi r d 9/ = e d. o =1 =)
uagdagavdsgndanunlumsianudeyaaansninnuisemiunliouinoy 64.42%,
64.47% 1AZ 64.18% MUTIAUDNAWY

a ﬂ - Yo A A P IJ Tw Yo
NINANDIN 2 | ‘LJﬂ'l‘S‘VIﬂﬁElQlWBWﬂﬁUUﬂT‘iﬁNﬁ'IUHm‘UUN‘Vl]llJ‘lluE)Qﬂ‘lJNl'lluu N

8 = el o T ] -1 @
Hﬁﬂ)‘iﬂﬂﬁﬂﬁﬁiﬂvlﬂ’ﬂ ﬂ]iﬂﬂﬂﬂﬂlﬂﬂuﬂ1ﬂnﬂu1lﬁuﬂTﬂU'hJ}.Iﬂ'ﬁll.UﬂJﬁﬂﬂﬂ'IWﬂ'U‘UE)iblﬁ

[
] = = <

) { ¥ ) ' { ) o v w
quyah 1, foyaguyad 2 uazdeyaquyai 3 Wilsz@nsnmlunmisihddnusaeiledon

W

[
= o

=) ' = o = J
1aanhadtsmbunlsvuiiiouTasIianugndesdyu 23.40%, 17.34% uaz 21.50% a1y
3

[
o

° ' o o ' o w i o
SuualdiunlumsSanudeyaunndt 0.06%, 0.06% ag 0.04% audAuuaziionins

]
1 o

nagoumainImiminauelaliinsudenimiu o vendugadeyadana saild

[
~

a a o w w = = t; J - o o = =
Yszantnmlumsihdrdnysaeio@oudmuiunnadtominSoumon 29.27%,
o o/ o ) o 3 ] e d = o lﬁ.
24.28% WA 26.58% mwdwunazfirvlszndanunlunmsdanudoyaannininauiden

Wl oo 64.85%, 64.61% AT 64.53% MURIAVDNAIWY

d

mMnaaeei 3 Wumsnaaeuieonageauudgiuinniwaumsutiwasnani

o o

uAnANUYRININAISAYsinadelsednEamlunsitidadnysnio T lumsnaaey

= 2 ° o 1 o o o
ﬂnuﬁj‘]uﬁ‘lﬁﬁﬂ'ﬁﬂ'lﬂuﬂﬂ'luquﬂ’]'ﬂl'ﬂ@ﬂﬁﬂﬂﬂ’\“lﬂu 4,9 10 16 YaonnIW HAIINNIT

o

" o ] o 4 1 o a a o s
naavdInyNIIumMsuudennmiuandaiuldlszdnsamlumsiiiacnys
a = w ) [ [ d
aviledou181ndiRvaiuie 78.41%, 78.10% uag 79.68% dmsunsutaudennimilu 4,9

o o l =3 @ w o o a a
oz 16 Uaﬂﬂ@’l’mﬁ’lﬂﬂ Tﬂﬂﬂ'l‘ilﬂNUﬁﬂﬂﬂ'l‘ﬂﬂ'?i’]ﬂ‘kﬁ‘l]'lﬂ’llu 16 Uﬁﬂﬂiﬁﬂ‘i%ﬁ‘ﬂ‘ﬁﬂ"l‘ﬂiu

ms3iange

WG

= Jq 9 a ol qy @ 1 ar ° [
i]'lﬂﬂ'liﬁﬂ‘H’lﬂ']'i‘]_li3Qﬂﬂ1‘iﬂ1.lﬂ‘5ﬂ“]fﬂ'lu'lﬁuﬂﬁ'Jilﬂﬂllﬂﬁi]'lﬁﬂﬁiﬂ'is‘l‘u'wﬂizﬂ'l‘ﬂ
= o n’: o @ Yo @ o N A Yar 1 dy
oniwuidsudmiumsisdsnusawiodiounnine ansoagy1ddsde i

& A& aw ¥ Yo o w A A o a a
1. lﬂuwug]uqﬁlu‘J%U“_]Qﬂ_]uﬂ]ﬁ?‘ﬂ-iﬂ'JﬂﬂHsﬁ'lﬂuaﬁiﬂuﬂ—lyﬂ]ll‘nﬂﬂuﬂixffWﬁﬂ-]w

lumsdigauazianBangulumssesiudeyadug tidludeyauvyluuii 18dw

s = 1

2. f19nu5 InouaazA9E U1 EIUYDIAIDNYINLANYULIAURNITNUANAIINY

) o

iy dauianieqll daunmia udu luvaz@erdunssiviediuvesdisnyshiina

Ed
= °

o s n’l‘ 1] =] o = o 1 @ o dl'
ﬂﬁ'1ﬂﬂ5~3ﬂuu“lﬂ ﬂauumium'uaann1wmanm1umunuuﬂznﬂﬁu'nmmmmmﬂyw

= o A s =) '

@ ' - s - | 9
naw mslmzmuﬂ‘uﬂuﬂ?ﬂﬂﬁ’wnuﬁauﬂﬂzagﬂmmﬂmﬂumamaﬂmﬁnuﬂfﬂuﬁni‘u
a o : YR | ) 1 a  a H o 'd w e
mmﬂﬁnmumuﬂi'mﬂuvlﬁ' llazﬂ'lﬂﬁquﬂjﬂ\ﬂﬂ'lﬂﬂﬂﬁﬁlﬂulﬂﬂﬁﬂ}lmlﬁw']gilﬂ@ﬂ']ﬂﬂ‘ﬂﬁ

P = 9/ a da o’ w [ g 3 " w
aaaniisnaalanez lfuasnganimiiniunu ldmmizaanaiiuaunu
A o = ar aw z
3. ienIMInaaoulIsuMsUNUIIUITUVD9 Arit Thammano 1182 Songpol Ruensuk

by Y 14 o [ o Af = w o 9 Y
[17) ud2 maiinImiminauevvdsendanunlumsianudeya ldedrann



49

5.2 YslaMAIUL

o ¥ ]
1. minaassluani3ivil lAnageuiudeyadasnusnigsuzmniu e limunse
° o o v Yo _aw o A v = Y2
i lfanaeiaimedmszuumsihidsnusn Inomeldnueselddmisvnvga

‘3’ ] @ o = o [ -
Joyaldnaounguuiniu wu Jeyanay Iny Auave1slin d5¢ 23IUYNAIALBNYIEHNTD

as da

ydnuainey iy

d

2. s lwamSedSulgaldiudeya luunioue wu swlumbau am
9 A v
dumoile iudu
= o et a  a Yo a J
3. masimsianszuuIdidsgdniamlumsiigunndvuuazaanailums

¥ ¥
YsziananaluduneumsGouduazmsnaaeudiy



(1]

(2]
(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

UITMIYNIU

V. Sornlertlamvanich, T. Potipiti, C. Wutiwiwatchai and P. Mittrapiyanuruk, “The State
of the Art in Thai Language Processing,” Proceedings of the 38" Annual Meeting of
the Association for Computational Linguistics (ACL2000), Hong Kong, pp. 597-598,
Oct 2000.

T. Kasuba, “Simplified fuzzy ARTMAP,” Al Expert, pp. 18-25, Nov 1993.

S. Rajasekaran and G. A. V. Pai, “Image recognition using Simplified fuzzy ARTMAP
augmented with a Moment Based Feature Extractor,” International Journal of
Pattern Recognition and Artficial Intelligence, Vol. 14, No. 8, pp. 1081-1095, 2000.

L. Lam, S. W. Lee and C. Y. Lee, “Thinning Methodologies - A Comprehensive
Survey,” IEEE Transaction Pattern Analysis and Machine Intelligence, Vol. 14,
pp. 869-885, 1992.

T. Y. Zhang and C. Y. Suen, “A Fast Parallel Algorithm for Thinning Digital
Patterns,” Communications of the ACM, Vol. 27, No. 3, pp. 236-239, Mar 1984.

K. H. Lin, B. Gao, K. M. Lam and W. C. Siu, “Human face recognition using a spatially
weighted modified Hausdorff Distance,” Proceedings of 2001 International

Symposium on Intelligent Multimedia, Video and Speech Processing, pp. 477-480,
May 2001.

K. H. Lin, K. M. Lam and W. C. Siu, “Spatially eigen-weighted Hausdor{f Distances for
human face recognition,” Pattern Recognition, Vol. 36, No. 8, pp. 1827-1834, 2003.

M. Blumenstein, B. Verma and H. Basli, “A Novel Feature Extraction Technique for
the Recognition of Segmented Handwritten Characters,” Proceedings of the 7"
International Conference on Document Analysis and Recognition, pp. 137-141, 2003.

P. D. Gader, M. Mohamed and J. H. Chiang, “Handwritten Word Recognition with
character and inter-character Neural Networks,” IEEE Transactions on Systems,
Man, Cybernetics, Vol. 27, pp. 158-164, 1997.

Y. Lu, C. L. Tan, W. Huang, and L. Fan, “An Approach to Word Image Matching
Based on Weighted Hausdorff Distance,” Proceeding of the 6" International

Conferance on Document Analysis and Recognition, pp. 921-925, 2001.



[11]

[12]

(13]

(14]

(15]

[16]
(17]

51

S. Airphaboon , M. Sangworasil and S. Kondo, “Off-line Handwritten Thai Character
from Word Script,” Proceedings of the 12" IAPR International, Vol. 2, pp. 445-449,
1994.

P. Choruengwiwat, J. Jitapankul, L. Wuttisittikulkij and P. Seehapen, “Distinctive Feature
Analysis for Thai Handwritten Character Recognition based on modified Stroke
Changing Sequence,” Proceedings of the 1998 IEEE Asia-Pacific Conference on
Circuits and Systems (APCCAS ’98), pp. 543-546, 1998.

Gwo-En and Jhing-Fa Wang, “A New Approach for Recognition of unconstrained
Handwritten Numberal,” IEEE TENCON, 1993.

S. Airphaboon and M. Sangworasil, “Recognition of Handwritten Thai Character
Considering The Head of Character,” IEEE International Conference on Image
Processing, Singapore, 1989.

C. Tanprasert and T. Koanantakool, “Thai OCR : A Neural Network Application,”
IEEE TENCON. Digital Signal Processing Applications, Vol. 1, pp. 90-95, Nov 1996.

[online] available : http:/encyclopedia.thefreedictionary.com/Matrix+product

A. Thammano and S. Ruensuk , “Human face Recognition Using Modified Huasdoroff
ARTMAP,” International Conference on Intelligent Computing (ICIC 2005), China,
Aug 2005.



MANUHIN

52



MARUIN N.

Aetaveyamdnysildlumsnaaenlysunsy

53



54

63 AU

3 = o
1 VOIWIVUUHITIUIY

9

o
Y

ar s

pigugAN 1 AIndayry

=]

Yoyanuil

¥

1.

]
=

57

s

a 9/ o
AINUYTUS U ﬁlﬂQFjL:l’JUui]']u'Ju 63 AU

A A

BUAMNLUBIVIUYAN 1

2.9

gl

v
=1

3

Amdnyrne a vosidousua 63 au

=

£

3. Yoyamuiloougai 1




55

v
-

UplouYAT 1

UIU 63 AY

3 =

AIMTYFUE U VOIFVIUT

ar
o

o

& A

Yoyaaly

4.9

]
~

¥ 3 YDIAWOUTINIU 63 AU

w

[

o

=

ﬂﬁ?ﬂﬁﬂ!ﬂlﬂﬂ‘]}ﬂ'ﬂ 1 ANOTU

9
UDY
Y

5.

'
=

[

AMGYIUL 9 voadiTouimIu 63 au

Howougan 1

-

Yoyaay

6.9




56

VUUIIUIU 63 AU

¥ =
o

@ N UDINL

el

s

Uolougan 1 Amdyu

voyaaw

¥

7.

[
=]

G

¥ YOIROUTINIY 63 AU

o
Y

s
]

7 1 AINOYY

¥ A A
8. ‘llm‘J.ﬁﬁ'lUllEl!.‘lJUu‘]jﬂ

"
=

VUL ¥ YDINVOUTIUIU 63 AU

o

as
o

o

S |

voyanuloougan 1 ANy

9.9

b




57

[
=

auuolvIUYAN 1

as

AMBYTUL o vodiFuus I 63 AU

& o

10. Yoya

A

ol

VOIROUSIUIY 63 AU

w

o
o

s

o

A A cl
HDLIVUUYAN 1 ATNUYTU

Yoyany

¥

11,

v
=

HIYIUIIUIY 63 AU

Y A
Y

o

o

NowouyAN 1 AINdyruz 5 vos

-

Yoyany

12. 9

7]




58

]
=

ABUIUIU 63 AU

o

uilpIEUYAN 1 AINTYIUE 1) VD9

=1

v
Yoyamn

13.

"X

]
=

¥ a o
AIVOUIUIU 63 AU

U

o

o

Neougan 1 AIndyrus 3 ves

=]

Voyanw

14. 4

H
=

b

Amdyruz M voefilouT I 63 AU

s

=) S
Januloeuyain 1

15. Youan




59

]
=

anwilolwuuyan 1

Amdryruz A voilous i 63 AU

s

Hou
o

16.

G

]
=

(]

@

Ambyrus o voudiliousuau 63 au

ar

Uelwuugan 1

17. Joyanvii

1Y)

)

"
=

{

63 AU

3 °
A VOIHVUUITUIY

o
o

ar
]

o

|

VOUADVUDIVUUYEAN | ATNUYFU

18. 9

A

9




60

63 AU

3 a o
< A VOIHIVUUIIUIY

o

o

Hoougan 1 Aamdayru

Yayaaw

19. 9

[
=

&1

AIOUTIUIY 63 AU

3 o
AINUUTUS ) VOIH

s
o

s

UalwuugAN 1

=)

YoyaaY

20. 4

£

]
-

o

Amdyrus N voadilious i 63 au

A

VDYIMUUBDIVOUEAN ]

v

21.

7

gl

i




61

"
]

uelougAn 1

AMOYIUL 5 YBIRITUUSINIU 63 AU

o

o

& A

v
Yoyaay

22.

| i

5

"
=

Amdyruy 1 veadiliousmau 63 au

Hoouyan 1

¥ A
Yoyan

23.

v
=

YU U VDINVOUT U 63 AU

v

[
o

N 1 ANy

HEIOTEIEE

-

Joyaau

24.




62

Alous U 63 Au

v 1) voq

o

s

S

Uplougan 1 Aandnyru

Yoyaaw

25.

<

2

9

2.)

1]

[
“

4]

14

‘1}

63 AU

3 o °
A UDINVEUITUIY

W

o
o

[

s

awiloWougan 1 Aandnya

b
VYain
Y

26.

(a

WOUIIUIY 63 AU

9 o
i

v ¢l vo9

ar

s

=

Hoeugan 1 Anbgyru

Y
Voyaaly

27.




63

iUy 1 ANy ru

U 63 AU

Y = o
W UDINVUUITU

L
L

ar

o

s . |

¥
Yoya

28.

63 AU

AU

3 =
W

¢ v vo9

o

e

A A —
UBDIVUUEAN 1 AINUYTU

UYaYaaly

29. 9

N

.
=

9 e

viRIoURAN 1 AINTYYUL N YOIFITUUTINIU 63 AU

o

A A

Y

30. Yoyaa




64

63 AU

3 = I3
U YDIRIVOUIUIU

@
@

o

s

-

HouUgAN 1 AINDYBY

v
Yoyaay

3.

H

N

63 AU

9 = °
U YDIAVOUITUIU

o
o

o

ar

A o
”ﬂlﬂﬂu‘qﬂﬂ 1 AINUYTU

Yoynay

32. 9

€

v
=

63 AU

Y o
T UVDIHIWOUHITUIU

o
o

o

LY

& A

VOYADWUDVUULTAN 1 AIWUTYHU

¥

33.

I

N

o




65

HouUYAN 1 AIN

dryruz @ vesRilous U 63 AU

s

s = |

34. Yoyany

(G

[
-1

9 A

UDIWOUYAN 1 AINOYTUL 2 wag‘umuui‘hu’m 63 AU

ar

s

& A

Youanay

o

35:

Heluugan 1 AINdysus A 109

HIVEUIUIY 63 AU

Y =
W

ot

o

A A

Voyaany

¥

36.

&

oY

al

Al
£

(i




66

VOUTIUI 63 AU

=

% ¥ VoI

o

lolWouyan 1 Ay

volanu

37.4

ly

o

i g

|

"
=

63 AU

HIVOUIUIY

9 =
L

s

o

Hoougan 1 AImMdyrus o 104

A

Joyaaiy

38.

Y ¥ YDIRWOUTIUIY 63 AU

u

[

s

Holwuugan 1 Amdgyan

Toyaniu

39. 4

il

@




67

[
)

UolougAN 1

o

AMBRYIUL W veadilousuau 63 au

s |

40. Joyaa

v
=

AUUUIIUIY 63 AU

Y =4
AINUYTUS D VDN

s
o

o

HolwougAn 1

-

Joyaay

41.

]
=~

63 AU

Y o
& VDIWIVUUVIUIY

o

o
o

o

ar

A A

VOUIDWUDIVOULAN 1 AINUY VY

¥

42.

]




68

MANHIN V.

A o Yas S a d \
wmmmnﬁllmummwnwmmms

A. Thammano and P. Poolsamran, “Applying A Weighting Matrix to A Hierarchical Network Model
for Handwritten Thai Character Recognition,” the proceedings of the International Conference on

Computational Intelligence for Modeling, Control and Automation (CIMCA 2006), Sydney, Australia,
2006.



International Conference on Computational Intelligence for Modellling,

Control and Automation - CINCA06

Jointly with

2006 International Conference on Intelligent Agents, Web Technologies

and Internet Commerce - IAWTIC06
29 November 10 1 December 2006
Syduev, Austrahia

Honorary Chairs: Lotfi A. Zadeh University of California, USA

Stephen Grossbers Boston Universitv, USA

Homa | Call for papars | Important Dates | Papar Template | 1EEE Computer Soclety

Home
Important Dates |

Preliminary Program
of CIMCA'2008

Programme
Committee

Organizing Committee
Registration form
Keynote speakers
Tutorials
Cotlaborators
Sponsors
Accommodation
Contact Us

Local Attractions

Call for papers-

Conference Proceedings will be published as books by
IEEE (The Institute of Electrical and Electronic
Engineering) in USA and it will be indexed by El and it
will alzo appear in 1EEE explore. All papers will be peer
reviewed by at least two reviewers.

Papers will be selected batzed on their originality,
significance, correctness, and darity of presentation
Papers (6 pages maximum) should be submitted to the
following e-mail address:

For e-mail submission of yowr paper/s, send your
paper /s to: cimca@canberra.eduau

For postal submizsion of your paper, send your paper/s
to1

CIMCA'2006 Seaelariat

School of Information Sdence & Engineering

University of Canberra

ACT, Canberra, 26814, Australia

Papers should present original work, which has not been
published or being reviewed for other conferences.
Papers should be written in English. The name and
affiliation of authors should be omitted on the paper. A
separate page must be included with each paper,
containing, the names, affiliations, postal address and e-
mail addresses of authors as well as the address of
contact author. E-mail submission of papers are

encouraged.

Important Dates

= 7 Aug 2006 Motifi of acceptance
= 28 August 2006 Deadline for camera-ready copies

of accepted papers
s 218-30 November 2008 Conference sessions

@

COMPUTER
SOCIETY
Sponsors:

[LIOMEAN e
A 1Ll WK
IND THHNOLOGY

SIGEF

INTREIRATIDMNAG
AJYDCIATIDN
POR YUEITanRY
i e B SRS

69



70

Applying a Weighting Matrix to the Hierarchical Neural Network Model for
Handwritten Thai Character Recognition
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King Mongkut's Institute of Technology Ladkrabang
Bangkok, 10520 Thailand
Phone: (662)737-2551 to 4 ext. 529, Fax: (662)326-4332
E-mail: arit@ir.kmitl.ac.th and patcharp@buu.ac.th

Abstract

This paper proposes a new neuwral nenvork
approach ro the off-line handwrinten Thai characrer
recognition. This new nenral nenwork is a hierarchical
neural nerwork; it employs the concept of a weighting
martrix in measuring the similarity berween the
incoming input pattern and the reference patterns. The
experiments have bean conducted to recognize both
slipshod and proper handwritren characters. The
results demonstraie a very promising performance of
the proposed approach.

1. Introduction

Handwnitten character recognition problem has long
been identified as the problem that computer can
hardly solve; however, human-beings take this for
granted. There has been substantial research
undertaken to solve this problem The techmques
which are widely uvsed for the handwritten character
recognition are stanstical approaches [1, 2, 3, 4]
structural matching [3]. neural networks [6. 7. 8, 9. 10],
and the hybnd approaches [11, 12].

This research focuses on the offiline Thai
handwritten character recogmtion. Even though many
researches have been conducted on the recogmtion of
Thai characters since the past decade, the success in
recognizing Thai handwritten characters is still linuted,
compared to English characters. This is due to the
following reasons: (a) there are a large oumber of
characters in Thai language, each of which has a
complicated structure; (b) many Thai characters look
very alike, e.g. #-n-n, ¥-7-3, U-, {-, 0-0-n, ¥-N; (c) there
is a great deal of style vanation among the handwnitten
characters.

Typically, any capable pattern recognition system
requires an  efficient combination of a feanure
extraction process and a classifier [1]. However, the
intention of this research 1s to obtain the system that
can recogmize the handwninten characrers straight from
the character images without any feamure extraction
process. The off-line handwritten Thai character
recogmmon system proposed in this paper employs the
concept of the hierarchical neural network and the
weighting matrix. The performance of the proposed
network is evaluated against the modified Hausdorff
ARTMAP neural nerwork [13]. The data set used in
the evaluation process is from the National Electronic
and Computer Technology Center (NECTEC). This
data set contamns both the shipshod and proper
handwriting,

Following this introduction. section 2 descnibes the
architecture of the proposed model and its learning
algorithm. The preprocessing of the character images 1s
described in section 3. In sechon 4, the experimental
results are demonstrated and discussed. Finally, section
5 is the conclusion.

2, The proposed model

The proposed model is a four-layer feedforward neural
network as shown in Figure 1. The first layer is the
input layer, which consists of 9 segments. Each
segment contains N input nodes. The number of input
nodes in a segment is associated with the number of
pixels in that segment of the character image. For
example, if the size of the character image is 15x15
pixels, each segment will consist of 25 iuput nodes
(5x5 pixels). The second layer is the hidden layer.
Each node in the s* segment of the second layer is
fully connected to the input nodes of the same segment




71

va the connections w,. The weight vector w) of

dimension N represents the reference paniem of the j*
node in the s® segment of the hidden layer The third
layer 15 the cluster layer. The nodes i the second and
the thurd layers are constructed during the training
process. The fourth layer 1s the output layer, Each node
i the owrpur layer represents a class of character
During the supervised learmng, the mnput vector 1s
presented to the model, together with its respective
target output vector. The input vector 1s denoted by
= P Py = ()@ ) . where s
is the s® segment in the input layer. Once the model
receives the input and its associated target output (I,
0), the output of the )* node mn the s® segment of the
hidden layer. which 1s the distance between the inpur
vector of the s* segment (I') and the weight vector of
the same segment (wj ). 15 computed.

T (I =D(I', w?) M
1
D(A,B)=| — ¥ d(a.B) |~ P, <P, @
[ﬂi-u ’ ]

15(a)- M} (a)-E*

s

Iﬂ_b") _"M;(a)|>0(3)

d(a.B)=
Otherwise
&)

P, =1 =N |
P =1 <|N5 - N )

\(_\’ll

where [|Al| is the summation of all elements in mamx

A-B 1s the Hadamard product between matnx A
and matrix B.

M3 (a) 15 the nxn neighborhood of point a 1n set
A

M3 (a) is the nxn neighborhood of point a in set
B.

E® is the n»n matrix that contams the Euclidean
distances berween point a and s neighbors. For

example,
V22
E={1 0 1

NI )

Qutput Layer

Cluster Layer

Hidden Layer

T

Input Vector=1' Input Vector=1*

Input Vector=I*

I

Ioput Vector=1°

Figure 1. Architecture of the hierarchical neural network




72

by 1s the weight value of pomt a m set B
P, and P, are the row- and column-penalty
funcnon respectively.
NY4is the number of rows in A that contain at
least one black pixel.
Nj 15 the number of rows in B that contain at
least one black pixel.
415 the number of columns i A that contain
at least one black pixel.
N3 is the number of colunms in B that contain
at least one black pixel.
r and ry are the weight coefficients of the row-
and column-penalty function respecuvely.
Next. the output of each k*® node in the cluster layer
is calculated as follows:

9
o =%£T;w;, ®

where “';: 15 the weight of the connection between the

cluster node k and the hudden node . It 1s either O or 1.

The system then makes a cluster choice by
selecting the winning node K with mimmum choice
funcuion value, among all the nodes k in the cluster
layer.

K =argmin{O, ) 6]
L

Next, the ourpur value of the winning node {Ox) 1s
compared to the global vigilance (Pyows). Pyiova has a
value berween 0 and 1. If Ok 15 less than or equal to
Pgosu and the winning cluster node K belongs to the
correct class defined by the target owrput vector, the
remaining steps in the training process are skipped and
the tramung is continued with the next input pattern.
However, if Oy, is greater than Py or the winning
cluster node K does not belong to the comrect class
defined by the target output vector, the system will
look back on each segment of the hidden layer. For
each segment, the hidden node with the lowest output
value, T} (I*), is selected as the winning node. In case
of a te, the node with the smallest index 1s chosen.
Next, the local vigilance cnterion (equation 9) s
evaluated to check whether the degree of maiching
between the input pattern and the reference pattern of
the chosen node is within an acceptable level.

J = arg min{T} (1)) (8)
i
T3(I) £ Proeat (&)

where Py 15 the Jocal vigilance parameter at the
hdden layer. It has a value between 0 and 1. If the
winmng node meets the above criterion. the weight
vector of the winning node (wj) will be updated
according ro the following equation:

C. Rinﬁ.

. wh{+e. R; "R,
t+1)= 10
wi(t+D) wh(t)-cy. R.hR (10)

.0. R.ﬁRv

where C is the iinal weight value, which is berween 0
and 1.

¢; and c; are the predefined constants,

R, represents the regions 1n the input pattern that
contain black pixels.

R, represents the regions m the reference
pattern that contain weights

RiandRa represent the background regions of
the input partern and the reference patter respectively.

However, 1f the condinon in (9) 1s not sahsfied, a

new hidden node 1s recruited to code the input pattern.
The weight of this new node is mitialized according to
the following equation.

wi =£(1) (1

£ = {g wEd a2

After the winning hidden nodes are picked or
created, a new cluster node K is recruited. Then the
conmection between the new cluster node and each
winning hidden node (wi;). and the connection
berween the new cluster node and the target output are
created.

During testing, each testing vector is applied in am
and its class 1s predicted. The class whose cluster node
returns the minimum output value is the result of the
prediction.

3. Preprocessing

The handwnitten character images used in this study
have various sizes as shown in Figure 2.
dn'ymlbenwmhudbefwebzmguwd!ntlns
research, the original images of the handwnitten
characters are normahized to the size of 15x15 pixels.

Then the thmnmng algorthm is applied to each
character image to reduce the thickness of the character

image to its skeleton. Next, each character image is
divided into 9 equal segments, each of which is a 5x5
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Figure 2. Samples of the tested handwritten character data set

Figure 3. Segmentation of the input image

bitmap image (Figure 3). These 5x5 bitmap images are
then sent directly to the hierarchical neural network.

4. Experimental results

The handwnitten character images used in this smdy
are parts of the Off-line Thai Handwnitten Character
corpus [14] developed by the National Electrome and
Computer Technology Center (NECTEC). This
benclunark data set is wntten by 30 people. Each
person was asked to write 42 Thai characters 3 times;
each time 15 referred later in this paper as an example.
Therefore, the total number of character images 15 3780
(90 examples).

The expenments are performed o a wnter
dependent mode. Two examples of each writer are
used for training and the remaming one example is
used for testing. Since each example consists of 42
characters, the total of 2520 inpur panterns are used to
tain the network and the remaimng 1260 input
parterns are used as the testing data.

The performance of the proposed model is
evaluated against the modified Hausdorff ARTMAP

newral nerwork For the proposed model. the
recogmnion rate is 78.49%. It 1s obtamed when the
following parameters are set: C = 0.5, ¢, and ¢, = 0.02,
Pt = 0.01, pporas = 0.1. On the other hand, the best
recognition rate of the modified Hausdorff ARTMAP
is 64.37%. The proposed model owperforms the
modified Hausdorff ARTMAP by a wide margin

From the detailed analysis. the errors are caused by
two main reasons: (a) many of the handwritings are
slipshod; and (b) the writer tends to write very small
characters, therefore reducing the distinctess of the
umque characteristics of each character.

5. Conclusion

The experiments show that the proposed approach can
be used successfully 1o recognize the handwrinten Thai
characters. With the additional weighting matnx and
the model’s ability to separately trmin each segment of
the network, the proposed hierarchical neural network
can achieve much higher performance on the
experimental data in comparison to the modified
Hausdorff ARTMAP neural network.
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