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ABSTRACT

Isan Dhamm characters are old characters used in northeastern Thailand (Isan) and some
regions of its neighboring countries during the 22™ - 24" Buddhist century. It was written about a
local wisdom and knowledge of Isan. At present, this knowledge has received increasing
attention; however a few people can read it. The purpose of this research is to apply Genetic
Algorithm Technique to recognize Isan Dhamma character in order to preserve useful knowledge.
The proposed method does not extract the features of the characters, but used their binary image
for recognition. The mutation operation, the gene that cause maximum error will be mutated.
Morever the number of gene in the chromosome can be added and deleted in order to improve the
efficiency of the model. The performance of the proposed algorithm is compared to the results of
the test done by Buddhist monks and Modified Hausdorff ARTMAP. Experimental results show
that the purposed algorithm outperforms Buddhist monks and Modified Hausdorff ARTMAP by a

wide margin.
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CTesTulan | eanumanzeay | aonndinzdly 39NN
Cl 51 0.255 [0 - 0.255)
C2 43 0.215 [0.255 - 0.47)
C3 40 0.2 [0.47 - 0.67)
c4 35 0.175 [0.67 — 0.845)
C5 31 0.155 [0.845 - 1]
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[0.845-1]

b [0 -0.255)

[ 0.67 - 0.845)

[0.255 - 0.47)
[0.47 - 0.67)
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Tumaidendwisiissimsquidenaininlsdeninimin ieguiienldmlafie
" ¥ L .

wonlas TuTauiiogludwmisimduaniunniededinimin iy guidon'lda 0,20, 0.40
TnsTuToungndaden Ao TnsTuTeun 1 uazlas Tulyui 2 TuiTmsdenuuuisdenia

:‘ ar & A v =] o (= 3

imin lumsAadenudas Tas Ty Tsunsgimsquidenyng ass

. . . ad q” 3 ey y : ar
2. Stochastic universal sampling 15m‘5u"lﬂﬂszqnm'ﬁmﬂaaamdm'ﬂuﬂ
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Tunmsdmuamsiiimes 1ru Swaullszanns manminziiluvesnisasealones
mamnheziluvesnsiuaduuasfatFunanumngan (Fimess function) lumsmidiney
vosudazdymimindnissimuadiminiiimedaren 1da iz aufeziidiwiiy
ﬂizﬁﬂﬁmw“lumsﬁ'uﬂ1f'i1ﬂauﬁzwu1zammaaﬂqwﬂﬁﬁﬁai’fu Fumoumsmauvesiudn

danashuuandladesli 2.6

L1}

Initial population

A End

Fitness Value

3 N

eration = max generati

Select chromosome [«
Or Nearly answer

Y

crossover mutation

4

Fitness Value

Y

3% 2.6 uansdanes NunsHINUVITILAN

2.4 mgma%ﬂﬁmmwﬁ' (Hausdorff distance)

¢ 1a 4 1 =1 A a - 9 as
aﬁgﬁﬂﬂiﬂﬂmmuﬁ [14] lﬂuﬂ‘]ﬁ’lﬂﬂ']ﬂ'JTul'HNﬂuﬂuﬂigﬁ“ﬁﬂ'IWllag'lﬁiUﬂ—ﬁ
s U =, ‘& A o ' = 4 U
Uﬂﬂinl‘ﬂuﬂmﬂmﬂ’ﬁﬂuﬁ Gﬁﬂﬂ']'i'lﬂﬁgﬂzﬂ']\iigtigﬂ‘]ﬂﬂlﬂﬂllﬁ%g?.ﬂ'lult']fﬂ‘uﬂqauwﬂ 116!3‘1'105
fugaiifusadeyadiadaduszozmaninla Amuald A= {a,a,a, ... } uag B = {b,,

B ; " 4
by, by,...,b, } M TATZOZNTZN N Toyaime A Audeyaluima B Fuwn A uag 1va B Aog

v
@

o_w 7 1a
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Whumsmmdaunuduuuge dsaumsh 2.2
d(a,B)= rrbm}3 {Il a-b]} 2.2)

= ° ° ' 4 o ¢ |a Yo =
INTAUNITN 2.2 mmmuammm”lmsmmmgﬂﬂmﬂﬂmmuﬁﬂlﬂmﬁums'n 2.3
h(A,B)= max(d(a,B)) (2.3)

= Yy o ° v = = d 1a & A =
nnaumsi 2.3 laimsdsudjamssunamladnnaagaaesiaaunudinomy

YszAninmlumsiasanumileuvesgduuuniidyanmusuniu 1adsaunsi 2.4

> d(a,B)
h(A,B) = MT'I—'— (2.4)

Al B HaTIWVEIga luwn A

° v d |1a o o o N =4 o
Tumsmamaagaasidadunudezdesiimisdiuiualaiainasiga

= o [ 3 d o o i
ﬂafﬂﬂmmuﬁmmwm A NUA B uaz'lﬂﬁﬂmmmwm B nUIEA A ﬂﬂﬁllﬂ']'iﬁ 2.4 LI.E'B!")

WNTUANINATARITUNIS 2.5
H(A,B) = max{h(A,B),h(B,A)} (2.5)
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o v o ' g 1 A w0 '
A208719 2.1 ﬂ']iﬂ']u']iuﬂ1ﬁ'@ﬁﬂﬂﬁﬂﬂﬁuﬂuﬂlﬁﬂ']ﬂﬂ']ﬂ3111!1’13?91453?”1021’5]17‘ A
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nngli 27 lumsdusiegaeeiiasunudizdvsiimuamnvesgainlsing
’ @ ' I3 4 s a d’
vuginmuaazsl lufmedisznansmsiumaganoivesgy A uazgd B 1dasil
A=fay,ay,,8y,8y,8,8,,28,,8,,8,,8,, 8,3, , 8]

B={bll’b22’b24’b31’b32’b33’b34’b]5’b4l’b45’b5l’b55}

fnumagaaoidAgunud uuugavowrazyalua A funn 9 galuaa B @it
d(a,; ,B) =min( [ a,;byyll, [l a,;-byll, [l 23yl s Il a5 =byyll s [ 2y -byll 1l byl
Il ay5=bygll s Il a5 =bysll s 1 @byl I ay; -bygll, [ a5 =bgyll 1] a3 -bysl)
= min(0, 1.41, 1.41,2.82, 2.24,2,2.24,2.82, 3.61, 3.61, 4.47,4.47 )
=0
d(ay, ,B) = min(]| ay, byl s [l a3 -byll s [l 2y =byyll 1 2 =byyll , 1 2y, byl s [ 3=yl
Iz =Dl s 1l 3z =bigll 4 Il @y, byl s 11 @5, ~byslls 11 @5, byl Il @5, s
=min(1.41,0,2, 1.41, 1, 1,2.24, 3.16, 2.24, 3.61, 3.16, 4.24)
=(
d(ayy B) = min(| aybyll, | 2y byll s Il 2=yl Il s =byll s 11 2y bl 1| azg=byll
1y Bl 1l 2y bigl 1l 3=yl 1 2y Byl 1 3y =y, Il 2 bl
= min(1, 1, 1,2.24, 141, 1, 1.41,2.24, 2.82, 2.82, 3.61, 3.61)
=
d(a,g,B) = min([| ay byl || a4 byl [l g =bull s [l 2z —buyll s Il 23 bl Il 23 bl

Il Aoy 'b34“ sl Ay _bJSH sl a24_b41” ol gy 'b45H= I 324_b5!” Al a4y, 'bssll)
=min(1.41, 2,0, 3.16, 2.24, 1.41, 1, 1.41, 3.61, 2.24, 4.24, 3.16

=0
d(a,, ,B) = min(|| a;,-b,ll, [ a5, -bll , [| a5, =byll , Il ay,=by |l , Il 25, byl , || 25, byl
Il a3y -bdll s [l a5, -bygll s 1l g =byll s Il 2y, -bygll, Il a5, =gl 5 1] a5, byl
=min(2.82, 1.41,3.16,0, 1,2, 3,4, 1,4.12,2, 3.61, 2)
=0
d(ays ,B) = min(|| ay5-by,ll , Il ass-boll s Il 255 —ball s [l 2ys=byll, [l ass-bioll , Il ays=biill

” Ay -b34” 3 ” ;4 _b35” ) ” ags_bu” ) ” a5 'b4sHs ” a3s_b5|” s ” ay4 'bssu)
min( 2.82, 3.16, 1.41,4,3,2,1,0,4.12, 1,4.47, 2)

I

=0
d(a:n !B) 7 mln(” a41-b|3” ’ Il a-n-bzz“ > “ a4|“b24” s ” ay _b31|| B “ ay, 'bsz” s li a,, _b33|[ ’
Il Ay 'b34” ol ay 'b35” ol ay _bu” sl Ay, 'b45|[’ Il adl_bSI” ) |l Ay 'bssl!)



= min(3.61,2.24,3.61, 1, 1.41,2.24,3.16,4.12, 0,4, 1,4.12)
=0
d(a,, ,B) = min(|| a,-byll, || a5, -byll , [ 2, —byll , Il 2, —byll , Il 24, byl 5 Il 2, -byll
| 2 ~Dygll s 1 2, =Dyl Il a5 —byll 5 Il 2y, -bygll, Il byl 4 1l a4, -byll)
= min( 3.16,2,2.82, 141, 1,2.41,2.24,3.16, 1, 3, 1.41, 3.16)
=1
d(a,, ,B) = min( || a,-b,ll, [l a5 -byll , [ a3 =byall , [l a5 -byll Il 245 byl , Il ags -yl ,
Il 243~ Bsall 5 1 243 -bysll 5 1| a3 =byyll 5 11 @z -byslls | agy byl , Il agy -bysll)
= min( 3,2.24,2.24,2.24, 1.41, 1, 1.41,2.24, 2, 2, 2.24, 2.24)
=1
2,y B) = min( gy byl 1 agmbigl 1l a=bil 12yl | 2y bl [ byl
23~ Bl 124y Dyl 124yl 1 2y biglhy | 2yl [ g =bigl)
= min( 3.16,2.82, 2, 3.16,2.24, 1.41, 1, 1.41,3, 1,3.16, 1.41 )
=1
d(a,s ,B) = min( || a, - byll, [ ags-byyll s Il =0l 5 I 245=bsyll s 11 245 bl Il 245—bsyll
| ags = bagll s Il ays Dygll s Il 2gs—byll 5 Il 25 -bygll, Il 255D l1 5 ] 245 -bssl)
= min(3.61,2.82,2.24, 4.12, 3.16, 2.24, 1.41, 1, 4,0, 4.12, 1)
=0
d(a;, ,B) = min( [ a5, - bl , I a5, -byyll , || a5, ~byyll » Il a5, byl » || a5, byl , [] a5, byl
Il asy = byl s [l as, byl Il a5, —byll , 1l ag, byl Il as, byl , Il a5, -bsl)
= min(4.47, 3.16,4.24, 2, 2.24,2.82,3.61,4.42, 1, 4.12, 0, 4)
=0
d(agy B) = min( || g~ byll | a5 -biall |l ags =yl , Il a5yl Il 255yl age—bigl
g5 ~ Bl Il 255 byl | g =bill g5 -biglly Il a5~y [ a5 bigl)
= min( 4.47, 4.24,3.16, 4.47, 3.61,2.82,2.24, 2,4.12, 1, 4, 0)
=0
dnnam lasadaegaaesnAaunudszningy A fugd B
h(A,B) = (0+0+140+0+0+0+1+1+1+0+0+0)/13
=0.30
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v &
Al
d(bu»A) = min ( “ b]3 "au” -“ b]j 'an”,” b|_1 'az_v,“a“ b|3 '324511“ b|_\ 'a_n“a“ bn _335”1

“ b13 'a4|” » ” b;} _a42“ ) ” b,] “aa_x“ s “ b]; '344” ) ” b|_1 '345” ) “ b|3 'a5|”’

I'by; -agll )
=min (0, 1.41, 1, 1.41, 2.82, 2.82, 3.61, 3.16, 3, 3.16, 3.61, 4.47, 4.47)
=0

d(b,,A) =min (| by, -a,,]| .|| by -a,llll byy -ayllll by, [l by, -2y ll.ll by, -2y,
I by; -2yl 5l by -2l 5 11 by -agsll s 1| by -2yl , Il by, -all , Il by, -ag)ll,
Il by, -agll )
= min(1.41,0, 1,2,1.41, 2.24, 2.24, 2, 2.24, 2.82, 3.61, 3.16, 4.24)
=0
d(b,,,A) = min (]| by, -a,,/| ]I byg -ayllil] byg -ayllill byg -ayllill by ~ay,llll by -aysll,
| Dy =all s 1| Dy ~agll s [l by -agsll s 1 0y -agyll 5 Il byg -agsll 5 1l by, -as,lls
[ b, -asll )
=min ( 1.41, 2,1, 0, 3.16, 1.41, 3.61, 2.82, 2.24, 2, 2.24, 4.24, 3.16)
=0
d(by,A) = min (] by, - | By, ] by, -yl by, -] by, -] by -2l
=11'b3; -ayll s | by -ag,ll, I by, -agll , [ by, -a,ll, |1 by, -agll , |l by, -agll,
[l by, -agll )
=min (2.82, 1.41,2.24,3.16,0,4, 1, 1.41, 2.24, 3.16, 4.12, 2, 4.47)
=0
(b, A) = min [ by, 8,4l | by -2l by -3l by -2l by 1] by -l
b -3l 11 By -2l 1 b -2l 1 by 2l 1 by gl by, -l
[ by, -agll )
=min (2.24, 1, 1.41,2.24, 1,3, 1.41, 1, 1.41, 2.24, 3.16, 2.24,3.61)
=1
d(by;,A) =min (|| by, -ay|l ]| by, -ay|l,l| byy -a,ll,ll by -ay,lLll by ay, LIl by, -ayll,
b33 -agll 5 || by -ag,ll s [ by -agll, || by -ayll , [l by -agll , || by -agyll,
I by, -agl )
=min(2, 1.41, 1, 1.41,2,2,2.24,1.41, 1, 1.41,2.24,2.82,2.82)
|

75110



d(by,A) = min (|| by, -a,[| | by -ayllll by -2yl by -ayllill by, -ayl,l| by, -ayglls
[ D34 @il s [ bsg -agll s [ by -2l [ by -agll , |l by -aygll , [ by, -2yl
Il by, -agll )
=min (2.24,2.24, 141, 1,3, 1, 3.16, 2.24, 1.41, 1, 1.41, 3.61, 2.24)
=1
d(bys,A) = min (|| bys -a,l | by -ayll,ll by -aylll| byg -ayllll bys -ay ]l bys -ayll,
D35 -agll 5 1 bys -agll s Il bys -agll, Il byg -agll , Il bys -agll, Il by -ag,ll,
Il bys -all)
=min ( 2.82,3.16,2.24,1.41,4,0,4.12,3.16,2.24, 1.41, 1,4.47,2)
=0
A1y, A) = min( | by, -, )1 || by, “anlll by, -aglll by -2yl by, -ay I by, -asll
[ -2l » [ by -agll s 1| by, -agll 11 by -agll s 1l by, -agll , [l by, -ag,ll,
I by, -as4ll )
=min (3.61, 2.24,2.82,3.61,1,4.12,0,1,2,3,4,1,4.12)
=0
A(by5,A) = min (] by -a]| J] s “Albl] bys -] bys gl Byg =2yl bys -2l
[ Bas =agll + 1| bys -agall 5 I ys -agsll , 1 bys -agll s [l bys -aggll , Il bys -all,
[l bys -al )
=min(3.61,3.61,2.82,2.24,4.12,1,4,3,2,1,0,4.12.1)
=0
(b1, = min (] by, -, | by, bl By 2l by -2yl by -2 1] b, -l
19184111 By gl 11y -2l 1y -l 1By 2l 1 by =2
5y -2 )
=min (4.47,4.12,3.61,4.24,2,4.47,1,1.41,2.24,3.16,4.12, 0, 4)
=0
d(bss,A) = min( || byg -al| JI bys -apllll bys -aylll by -asllll bs -ay,llsl| bs -ayll,
D5 =agll s Il bss -agll s [l bss -agll, [l bss -agll , |l bss -agll , |l bss -agll,
Il bss -agll )
=min (4.47,4.24,3.61, 3.16,4.47,2,4.12,3.16,2.24, 1.41, 1, 4, 0)
=0
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° ' d o d |2 o " [
Amnui laisnanegaasinfaunudszningy A nugd B
h(B,A) = (0+0+0+0+1+1+1+0+0+0+0+0)/12

=0.25
o J ¢ |1a 4 - 9 o dy
ﬂ'lli')ﬁlﬂ’l?J?Qﬁﬂﬂﬁ“l"lﬂﬁ“ﬂﬂﬁi]'lﬂﬁuﬂ'liﬂ 2.5 .I?WN‘N

H(A,B) = max ((0.30),(0.25))
=0.30

ar 1 o ' d |a o 1 ar Yy
nnABdIMIAIINMagaaeIHATunudszniIngd A fu 31 B uazlditms

= @ o ' ¢ 1a 4 " o o J
ReIUAIMMIMagaapIATINU Tzl A AUzl C uag g A fu3d D uaasae

gaapsHATuNud 1ddade 1l

A " d 1a 4
131N 2.3 uﬁﬂ@ﬂ‘]ﬁ'lgﬂﬂﬂﬁﬁﬂﬁuﬂuﬁ

sy B i D
A 0.30 0.076 0.357

{ v d 1a L4 ' o '
MNATN 2.3 uaasmeagaaesaaunudsznngl A fugl B, ¢, D wuhigl A

€

= ] o ' A ' d 1a L4 ' ar
v3Y € Tanumidouiunnniigou q mazmaganesaaunudszninegl A dugld ©

awieanga
o & ) s ¥ " . =
msiannumilou Taoldn15iaszoen19dI0 average euclidean distance ABNITNI
HaTIMUDITEEzNNIzHINgalag Tuwa A fu galaq Tuan B Atugadion (euclidence

distance) [15] AUMUINATINY HAZMITAIITIUIUVDIPATNAIUINUMITZOLNI LAAIAIAUNT

n2.6
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(2.6)

Ed= 22—

K

A - A = 4 " ar
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M1 2.2 Mstamanunilou 1aold average euclidean distance Tun1sIaszozma
voegUii 2.7 ﬁmumﬂuwmmqa‘lugﬂ'lﬁf:
A= Sy By 5805 Bugs By 18555 By 5 Wies Mg 5 Big sl By o )
B = {by,, by by s by s byy s by, by s byg s by, s bg by, by )
o {01 B 58055 Oy 5 S 9% 5 G Canin B G Bt 5655
D={d;,d;,d,,d,,dy,d;,dy,d,,d,,d,;,d,,d,, dy;, dgs,}
MNEN3 2.6 SomszozmaldRade i
EA(AB) = (| a,, = byll + ] 2y -Dygll + | a5~ bigll + 1| 330 biyll + ] a3 -bygll + [| bl +
123y~ byl + 1|8 “Dugll+ | 3=yl + I 2y, bl [l a5 byl + Il ag, bigl)
= (0+0+1+3.16+1+2+3.16+3.16+2 +1+4.12+4)/12
= 2.05
Ed(A,C) = (Il aj; - cp3ll + [l a-Cooll + Il ays -Coull + [] @54 -cyyll + | 2y~ cyll + || ay5-c,ll +
| 3y, - cqll + il g Caall F Il ag3= Cogll + 1l agg-cyllF Il ay5- €4l + 1] a5, -c4ll)
= (0+0+1+3.16+4+4.12+1+1+1+1+4.12+4)/12
=2.03
EA(AD) = (1 a,, = dyl + [l aydgll + [l gy~ | dgg =yl + ] 2y gl + [ ags-diyll +
| ag - dyll + [l @y -dyll + [ ags -dyll + [ @y -dysll+ [ as—dy,ll + Il ag, -dl1+
Il ags-dg,|1)
=(1+1.41+1.41+3+4.12+4+4.12+1+1+1+1+4,12+4)/13

=240

{ os " 4 = a 4
M1 2.4 LAAINIIATZOZNIIRIBA IR AOYATIRDUATIN U

FRUTATT B C D

| A 2.05 2.03 2.40

3 3 = = a 4 . 2

ﬁnﬂmsmmmﬁ:ﬂ:msﬁ"mmmaUgﬂmﬁuuﬂmmuﬁ (average euclidean distance)
szpznesendngd A dugd C Wszuemadeviiga Aegl A anumileudugil ¢ nin
NITUIATLUZNIINAIT19N 2.4 NUNTTOZNNATLIN 1 W TINITOUAAIANBUANAIIAY
- A a ' Y ' s = v [ v P
viomilouruszniagy 2 31 1ddau wH3l A N 31 B IANM0ana ey uan1szozn1emn
=1 Qs " [ [ o o
'lﬁ"lnﬁ'muqnumﬁxuzmﬁw:m;'ﬂ Auaz 31 € wn ualumsimnszeznedivegaass

= 4 4' 1 o ar s "
Aaunud 91M13199 2.3 MIzvznevesginmileunuazuaas ldadaou Aeszornasening

sUntianumileuiuaziiszezneivieongUitiuandreiuun
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2.5 MIHIIATITIVDINN

4 : = v v

nsn1Insesevesnmiduduaeunisiniondeyalunisiiizluuy  (Pattem
Recognition) N131U321IaWAN W (image processing) [16] wounmsaavanNunIvo Uiy

uatansnudnumzuean vl Taodulnsessvesnmeziivuiannumuuiies 1 inea

1 S é o S -
TunismInsesavesnimuuy luud Fflauiios 2 Ade 0 uaz 1 yanmeluniily
o S 1w s L .Y qwdva!wqq o o a4 e g

AMTANMIAY 1 wazgavalawmidu o Iuawddeil 1dl4gaangdanesiiy (Hilditch
. ° 5 a 1 4 a °
Algorithm) [17] 1§ uavgadivesmmive Idida Tnsesevesnim Faii3ims lumsavugam

Y o cs’
Vo 1anatl

]
= o

31N 2. 8 uamaga p Nzhimsavlunihdesua 3x3

gl 2.8 Smisiomdausuasileidunie dail
N(p) AoyAI0UY) A p Tunthmeuiia 3x3
b(p) ABIMIUARINITU N(p)
Hp) Whiilsddunnivimuadimsnlaounngan Tuifugadlu Ne)

[10] Tasfimua

4
e - 3b @)
i=1
Taoh
1 Xy, =0 AT ( x,=1¥30x,,,= 1)
b, =
0 ,otherwise

Vv
@

o 1 = = A
Tumsaugadwdazgalunmeziimsfiasanng lunmsavdnglumsaviidail

Ri. X, (p)=1 (2.8)
Rz 2 <min{n,(p),n,(p)}<3 (2.9)
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Tauii
n,(p) = Z:=,xzk-: vV X
n,(p) = Z:=lx2k V Xoksl
Rs. (X,vX;VvX)Ax, =0 (2.10)

¥ »
TagdanoTiinezhammsavyaduiiuseumsinutes audiawng lisess 1

lifimsavgaditangamsiau

= o :; -:; k24
2.6 NUIWNNYIVD
2.5.1 Pattern Recognition using Genetic Algorithm Wonlag Surapong
Auwatanamongkol [18]
':’y Y o ac 3o =1 s o = A - ar
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] & o ° = = o ' g a
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MIMWIVAANUNZAVITAUINNAMANUHMTOUAUTENIN 2 JUNIVLAAS
Tanserums
D" MANuIniiouves original link / (2*original link ) +

Z AANUNLDUVDY augmented link / (2* augmented link) (2.11)

augmented link A9 1dUIFBNITNVDI THUANINUAVDIDUNNUNNIAY
;4 4 ' 2 a a
original link An idwiFonnad19iulntves Inuaiamuavesduynumniiu
Tumsnaaesld@idnus A - z uaz 0-9 imswIoudoyalaonisndendoyans

— A ' o M 4 ﬂ’
WATNTYLIA 4X8 Faudaz Tnuadmuadioga XY dauduiFonszilsznoudiogaduga 2

9

a v 0‘: = 6 w o o Vv Yo o A
‘UU'Iﬂ‘lIﬂQ'ﬂ'iWU'Iﬂ'illﬂxﬂﬁz‘]ﬂﬂ'iliuﬂuuuﬂﬂi’lﬂﬁ'fﬂﬂulﬂ‘i]x‘n']alﬂﬂfizﬂ'luull

Uszansnm lunmsnaassmsmnuadszmnisudu ladsaums
Initial population size = S*N*(M+1) (2.12)

N A9 31494 IMUAYDIDUNNUNNIY

M o $1174 THUAYDY known pattern
=) o d'

S fio Srungaveslng lulyy

TumsAamenilszmnsaziinisnaien 3 35 Ao

1. msnanen lagl¥daaiuvesmn iy
2. msnaben laomsudatuiun@nys K #1999 (Tournament Selection)
3. manaden lagmsuvstunumaals K nimsnasundasluunazsey

1591974 (Tournament Selection with some modification)

1 1 3 ¥
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ar ] Yo =

o o a o Yo Yoy =) Y ad
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uaazsoumsiauez inannugndsaniniiga sazvnavesdsznnsnldlumsnaaeadl

' Y et ° £ ad
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2.5.2 A modified Hausdorff Distance for Object Matching 1Woulae Marie —Pierre
Dubuisson a2 Anil K.Jain [19]

unn’nuf’:"l@’{muamsmmmmﬁauﬁus:ningﬂuuu 2 gduvvuTaonisldeng
daesWATuINudieIaszor Mesznawaveaga

lumsiaszoznnlaoldladadadaunudseniausavegn 2 wa amnsamld

ey = ad o 1 ‘ﬂ’
HAWIT ICHNINTWU6 'Jﬁﬂ\?ﬂﬂulﬂ‘u

d,(A,B) = rBET d(a,B) (2.13)
d,(A,B)="K" ,d(a,B) (2.14)
d,(A,B)="K" ,d(a,B) (2.15)
d,(A,B)="K ,d(a,B) (2.16)
d,(A,B) = max d(a,B) (2.17)
dy(A,B) = — > d(@,B) | (2.18)

a aeA

vnaumsmsmm lasalaaaunudiamuminnumusasluiassus 4 fsmuald
f,(d(A,B),d(B,A)) =min(d(A,B),d(B,A)) (2.19)

£,(d(A,B),d(B,A)) = max(d(A,B),d(B,A)) (2.20)

d(A,B)+d(B,A)
2

N,d(4,B)+ N,d(B, A)
N,+N,

f4(d(A,B),d(B,A)) = (2.22)

' d d a <o ' o as Yrey @ '
i]‘]ﬂﬁijﬂ‘lﬁm‘i‘ﬂ1ﬂ11@]1‘5ﬂmﬂﬂﬁﬂuﬁunl’]llﬂ‘llﬂ’lﬁﬂuﬂdﬂ‘ﬂuﬂz1ﬂ1ﬁﬂ151ﬂ5308ﬂ1~1531‘7’31~1

IFAYDIPA 2 1A NINUA 24 AINNTIN 2.5
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MM 2.5 MITIATTHZNNIZHNABAYDIYA 24 3D
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Abstract

This paper proposes an approach 1o off-line
handwritten Isan Dhamma character recognition by
using the concept of evolutionary algorithm. The
objective of this paper is to recognize Isan Dhamma
characters straight from the character images withour
any feanure exiraction process. The performance of the
proposed approach is compared to the results of the
test done by 23 educated Buddhist monks. The
experimental resulis demonstrate a very promising
performance of the proposed approach.

1. Introduction

Isan Dhamma characters are old characters used in
northeastern Thailand and some regions of its
neighboring countries during the 22* - 24% Buddhist
century (approximately during the nud-1 6% - mid-19®
century AD). Isan Dhamma manuscripts were

generally inscribed on the surface of a stone or on a
palm leaf (Figure 1) In Thailand. the oldest Isan
Dhamma manuscript was found at Srikhunmuang
temple in Nongkhai province [1]. It was written in the
Buddhist year 2103 (1560 AD). Isan Dhamma
manuscripts were typically written about Buddha's
teaching, Jataka (stories of the former incarnations of
the Lord Buddha), stories related to Buddism, folklore,
and other general knowledge. Unfortunately, at present
most people do not even know of the existence of these
characters. Many manuscripts have beea left
unattended without an attempt to preserve them for the
next generation. Termites, insects. and general decay
have left these old manuscripts in poor condition
(Figure 2). Therefore, some valuable historical
information inscribed in these documents has been
regrettably lost. In order to preserve the information,
computerized systems must be put to use in order to
transiate the inscribed script mio the curremt Thai
script.

Figure 1. Palm leaf manuscripts
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Figure 2. Example of Isan Dhamma script

This study focuses on the off-line Isan Dhamma
character recognition. There have been substantial
researches undertaken to solve the off-line handwritten
character recognition problem, mostly for English
script. The techniques which are widely used for the
handwritten character recognition are statistical
approaches [2, 3, 4. 5], structural matching [6], neural
networks [7. 8, 9, 10, 11], and the hybrid approaches
[12, 13]. These researches require an effective feature
extraction process in order to get good results. In this
paper, however, the new evoluticnary algorithm is
proposed to recognize Isan Dhamma characters straight
from the character images withomt any feature
extraction process. The performance of the proposed
algorithm is compared to the results of the test done by
23 educated Buddhist monks. The reason that Buddhist
monks are used for comparison is that at present
bumans are the only available translator of this
language, and monks are the main users of Isan
Dhamma script which was mostly used to record
Buddha's teaching. In addition. the researchers intend
to develop this system to help replace human
translators of which there are oaly a small number at
present.

Following this introduction. section 2 briefly
describes the general process of the proposed Isan
Dhamma character recognition. Section 3 explains the
proposed evolutionary algorithm. In secticn 4, the
expenimental results are presented and discussed.
Finally, section 5 1s the conclusion.

2. Methodology

The process of this Isan Dhamma character
recognition has been divided into four steps:

(1) Scan a palm leaf manuscript and convert it into a
binary image.

(2) Segment the entire manuscript image into
individval character images. The segmented
character images have various sizes as shown in
Figure 3. Therefore, they must be normalized
before being used. In this research the original
images of the characters are normalized to the size
of 15x15 pixels.

(3) Use the thinning algonthm to reduce the thickness
of the character image to its skeleton. which is
then seat to the recognition engine.

(4) Recognize the characters using the proposed
evolutionary algorithm.

3. The Proposed Evolutionary Algorithm

A description of the proposed evolutionary
algerithm is given below.

A. Generate an initial population of S chromosomes.
For each chromosome s, randomly select one input
pattern from the training data set of each character,
and assign them to be genes. Imtially, the length of
each chromosome is 35 genes, which is equal to the
number of Isan Dhamma characters. Each gene in
the chromosome represents a reference pattern of
each character.

B. Evaluate the fitness of each chromosome s in the
population. The fitness function used in this
research is as follows:

DOUWR DDA S 8IR 2N 5V LUEr M izrses0 B0 E) S
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Figure 3. Examples of the Isan Dhamma characters used in this research
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where P 15 the total number of patterns in the

traming data set.

J is the index of a geme whose reference
pattern is the closest match to the incoming input
pattern X;.

Yi is the target output of the i input pattemn.

H(X,. wj) is the Hausdoff distance between
the input pattern X; and the reference pattern of the
1™ gene.

h(B, C) is the directed Hausdorff distance
fromsetBtoset C.

h(b, C) is the peintwise Hausdorff distance
for point b.

[B| is the number of points in set B.

iIb - cfi 15 the Euclidean distance between
point b and point c.

. Perform the crossover operation by repeating the

following steps S/2 times:

C.1. Select two parent chromosomes from a
curreant population using the roulette wheel
technique.

C.2. With a crossover probability. cross over the
parent chromosomes to form two new
offspring. The crossover operation includes
selecting crossover points and swapping the
selected  parts  between the parent
chromosomes. Before swapping the selected
parts, the selected parts of both chromosomes
are checked whether they belong to the same
class of character. If so, the swapping process
continues. If not, the crossover pomts are
reselected until the two selected parts belong
to the same class.

D. Perform the mutation on the new offspring as

follows:

D.1. Select a gene to be mutated, which in this
research is the gene that causes maximum
error. The pseudo-code of the algorithm is as
follows:

begin algorithm
error; =0
FORi=1TOP
Find the j* gene that best matches the
nput x;.
IF the j® gene does not belong to the
comrect class THEN increase error; by 1.
end FOR
Select the j* gene that has maximum error
(j* = arg max (error)) ).

i
end algorithm

D.2. Divide the selected gene into 9 segments as
shown in Figure 4(a). Only one out of nine
segments will be mutated.

D.3. Randomly select a segment to be mutated.
Then the selected segment is deleted and
replaced with the same segment of the
randomly selected input pattem from the
training data set of the same character.

E. Randomly pick a real number in the range of Oto 1.
If the picked number is less than or equal to 0.25,
delete a gene that causes maximum error from the
new offspring. However, if the picked number is
greater than 0.25, add a new gene to the end of the
new offspring. The added gene is chosen at random
from the traming data set.

F. Combine the new offipring with the current
population. Then select S chromosomes from the
combined list according to their fitness value to
form the next generation.

G. If a predetermined aumber of iterations is reached
or the end condition is satisfied, stop the loop and
return  the best chromosome in the curremt
pepulation. If not, go to step C.

Selected Segment

fyiy

| |
| |
v

() ®) ©

Figure 4. Example of the mutation operation: (a)
the gene before mutation; (b) randomly selected
input pattern; (c) the gene after mutation.

4. Experimental Results

In this study, the performance of the proposed
algorithm is compared to the results of the test done by
2 groups of educated Buddhist monks, altogether 23
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participants, who were asked to identify the Isan
Dhamma characters. The first group consists of local
monks 1in Mahasarakram province, northeastern
Thailand. The second group consists of monks who
study at Mahachulalongkornrajavidyalaya Universaty,
which is a major institute of Buddhist higher education
for Buddhist monks. novices, and laypeople with
emphasis on Buddhist studies as its maun subjects.

The 1mages of the Isan Dhamma characters used mn
this study were obtained from old palm leaf
manuscripts. One hundred and fourteen old palm leaf
manuscnipts were scanned and preprocessed mto
individual character images. The character images of
randomly chosen 89 old palm leaf manusctipts were
used to tramn the model, while those of the remaining
25 manuscripts were used as the testing data.

Results of the experiments are shown in Table 1.
The test results of 23 monks vary from 9.39% to
73.58%. while the average is 41.10%. For the proposed
algorithm, the recognition rate 1s 64.85%. It was
obtained when the algorithm was tramed for 300
iterations and the size of initial populanon was set at
10 chromosomes. By looking deeply intc the
experimental results, it can be seen that only 4 out of
23 monks outperform the proposed algorithm, while 13
monks get the test results much lower than 30%.

5. Conclusion

The experiments show that the proposed approach
can be used successfully to recogmze the Isan
Dhamma characters straight from the character images
without any feature extraction process. With the use of
Hausdorff distance as the similarity measure and the
new mutation operator, the proposed evolutionary
algonithm can achieve much higher performance on the
experimental data in comparison to the average
performance of human being.
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