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ABSTRACT

This thesis proposes Thai OCR error correction using genetic algorithm.
The correction process start with word graph construction from token passing algorithm,
then a graph is search for a corrected sentence with the highest perplexity (using
language model, bi-gram and tri-gram) and word probability from OCR. For a long
sentence, a search space is huge and consume a lot of time. This thesis propose

genetic algorithm method to reduce searching time for possible correct sentence.
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2.2 Recognition

2.3 Thai OCR Error Correction

2.4 Token Passing Algorithm

2.5 Language Model
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t:=0;

Initpopulation P(t);

i1 adszanslasTulansuniniiataanisgu

Evaluate P(t);

/1 Amszidananumunranusaziastulsulssanssuniiia

While not terminate

)/ msaadeuiiewlaanunela

Begin
=t+1;

P'(t) := Selectparents P(t-1);
/1 AedaniasiulgusuuuuaInlszainisfuniay
Recombine P'(1);
17 wanuleudouiudnnelulashu s duuy
Mutate P'(t);
i Aomdulashilsaduuuy
Evaluate P'(t);
/1 IRFITWAIANIMNITANTBIUTE TN fU NN
P(t) := P'(t);
i Uszranasiulusinanetiullssansfuiinsiely

End;
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2.5 Language Model

arnualunisaig word graph azwudnfiaauiduldldwarsuuulunisaing
UssloasaiuuazainnininAtauttasitiun i nuaansaee OCR N1 ldaiasziA
v - i - oW1 oa i - a & yoia 4 a
gnsipuieeetinpsaflsiieanadaiunsiinlssdninmuadansaes OCR Matauas
3

fiaaiin191i1en Language Model 3 inLsz@nEnn 1iu anuadwsnla

=l HAEW \
AN 2.7 uasassTuailéann words graph warAzuLuMNIaaLAassLleA

(AZUUUIINNAAINANAZILILIBILAREAIBN TN LAaN OCR)

Ne. Uslon ATULUIIN
1 ¥ \fie ms Ugn 0.88
2 ¥ \ite ns ign 0.84
3 vih e g e gn 0.86
4 v ke n s Ugn 0.81
5 v e Mg e gn 0.80
6 Y e M3 v oz gn 0.75
7 ¥ 1He ms e Uan 0.74
8 ¥ e N3 s gn 0.70
9 ¥ e N3 2y Uan 0.70
10 v e ng oz Ugn 0.66
1" ¥ e M3 oz Ugn 0.63
12 v (e ns e gn 0.63
13 v e Mgy Ugn 0.62
14 1 e Mz dgn 0.62
15 v e ng oz Ugn 0.60
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U
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' ] o o ES. 14 ar s dl dl J =
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ansnmaasanugniaslilaalduuudnaamianiyidanndos Gaasinlildidraanugn
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Fe99931sEluAgININ B UUAINATNERNT1T 2.8

A15197 2.8 uanatlszleaiiléiann words graph WAZATULUATN Language Model

No. e Tan Perplexity
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1 W e M7z ign
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2 W e N3 iz Ugn
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8 11 1Ha M7 e Uan
¥4 299.26
4 U1 e Mg ez Ugn
LA 46.71
5 11 1He Mgz gn
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F 761.3
7 W1 HE Mg e gn
- 88.67
8 W1 e M7z gn
y g 156.9
9 11 e N7 w2z Ugn
v 941.41
10 W1 iHe Mg ez Ugn
¥ ood 432.37
" W1 e Mg w9z Ugn
8 4 374.96
12 W1 e M7 Wz Ugn
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13 WY e M7 w9z Ugn
¥ 941.41
14 11 1Ha N3 L 9z Ugn
w 4 521.75
15 W1 (e N1g 9z Ugn

ANA19197 2.8 azLiudnAn Perplexity #1ldan Language Model flafiAntiativin

I

wfuansdndezloaiuiilaniagnaaaniniga Teananseazininlsslaanaasiicn
Perplexity AMga Tefazivdndulsrluafignsies Asiuielss@ansnineeanisnsaauian

fAnlu OCR nmIng lwanAdpaadluniserditldain Language Model nniludaumile

284 Fitness Function luauAndanainy deaznans ludqusalyl
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s 4 A4 o o - o = - )
nesNAENTT 1 IuN1991 Language Model TaHANUNUENLATH AN ANE Y
@4 Aannin nesuAsn e iRt dlaslunisafreuuuanaesasldatainalinistindu

(training) corpora 181 text 1WA MY

252 WUUINRBINNADALATULLIIABY Knowledge-based

o aady = ' o < d |
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WlUsenauiuimatingu 4 selulaldss@nsnimndt meainuuuinsamnaifaiuns
wanuaminnsEnduladallsunsunspanfiomeiannsain ldsamiinduuudiaes
- Y v o o o o o W ' a ea
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doudaidareuuudnaninealia e nuuud1aeamnana liinisasmaasy
ANMINBTaIteAIN P biunalszToadeguglignaaaninandydriin usenaazgnas
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2.5.3 vaulnsil (Entropy)
nqujarsaumateyaidunisldadamaniatiradussuunaziuuuuny uazlu
daurasdanannuumlidefidugiuuunilsrainisdeans Aaiunguiarsaumaasiidou
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= dl &’ % [l v ¥ =
AN ATAVNANDANNT X ‘nuﬂgnummu’maﬂu drAunazitiy P(x) §

i L 5 v o = = qi d' [ rd. b = - .3’ 9
Aviay, iraclissiuAniaansaunaigs, asanuaaninldeanuiilania iarules
v ] = v d'y ::- = =3 :I' qi' N
wazdnANUtasiiy P(x) HAEI 1BYURATAUNANTUNIUUIZHIRIAGN, \WHaaanuanla

3 v v
AENNINIUAINNTOUTHTUIAIANIN AU IPIAINITONIUNAANIATANIMA LA

I(x;)=1log P

160 logarithm (iiaannann fdeyaresasamgnisalidudaszdeiu (unns
T a4 = - o o v - ¥
joint probability Talun1sAusmaziiunanm) arnasatdiniuandula waziiield An

aan'ﬁ‘ﬁugmﬂm W88 information AaziFandniin (bit)

H(X)= E[I(X)]= ), P(x,)log, = E[-log, P(x)]

P(x,)

1

=1 ° o . . dl 17 o .
entropy H(X) AR UIULRALTBN information FIHDINTTLUNITAIUUA what kind of

{2 ]
=

1:' Y A’ o dld v o = o L] = 0 Yol ]
symbol NinAYY LLUUQWR@QWG\"ISI‘HH’I entropy 'YI[F]’\L!-Jﬂuqvlﬂﬂﬂﬂ’ﬂU. ﬂ?ﬂﬂﬂ’l’ﬂﬂﬂﬂﬂﬂqﬂ

¥ 1
A A

< v e o> o ¥ o ) 5o
uuqo’l‘ﬂ'ﬂm’mﬂu’mﬂﬂﬂﬂ’auuuuFl‘l’lmf}u"lﬂ‘lmm LHBANAN entropy AN LWATAT entropy WEN

u

HhuiAnadtresnnbinkuaues symbol aunidn winaawa S Assuaussnes1ue

IS| =N @ entropy H(X) auidingAngeqaile p.f. has a uniform distributaion 11y

P(xj)=P(xj)=% AMTU NN | UAE |

' ]
= =

v i
AINANNITUAINTALUAAINUNITBY uncertainty TaHANGINgATBAIA NN
r:: = = -3 ) L ar s al '
aziflurssmgnisalisnuadaannsadiaaulivin q M bilivgnisalladisanainasiy
gendmgnisaiau 4 uaziudaanansoigadlddn entropy HX) Liluauuazaziidniy

v o ) | - P
AL DWNENAIANYENA T NATT wil

H(X)=0

branching factor 1840 1#11uNsIATEAUAINBINAIUINTBITZULA T TaaTiAnN

dunusnuaninafruaua N MitluarAninanlusaaldlunisuanuaslsslaanldun
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AINARHINTD entropy NNANININTIAINITOAIMUAAT branching factor THTatAIWIN

N

PP(X) =27

\$1Gan PP(X) 91 perplexity 189 X , wWarA1 perplexity dfailufafiisninldin
ATLNIN D4 Language Model Taaiali@ndae (Bahl et al.,1983) T4 model #1 1% AN
perplexity 88NNIAT model that is in some sense “good” WATAN perplexity wangatu

AUNAUANARLNINSTANATBIANLNATITTawsar AN lulsslaABndae

254 WUUANARRIMBINNADA N-gram

TUULUAIABINIHINIIET A N-gram LTIRINITNAIUITIAIANNENA LTI U8
P(W) 18947 W Tasuaaaliifiuin w Haomtuinlsluniaiias w lugiudayatiy iiesann

= ] [=] o o ' ' o =1 o -l [
R UsslaAua s AT NATUAUNINNNTAT U TUATAINUIA ST UATN AT INENATLALT AALTY
v ]
Puaw) A ldmunzanwinlug sariuisiaaauanann P (New uau J1), 3eluunasldseilun
- - iy Vv o - = al 7y , o o X
MAaudul uad A9 P(ual wau fu) NaziArANdIaiduaIAMNINTY 159
AMN70NA ALY ABULLAIABINIHINEATH N-gram HuazidunisAaAIANYNAL
[ v

WuresArlasgainanutnifiamiuaingudeys

P(W) gnunsaidieulus sty

P(W)=P(w,w,,...w,)
= P(w)P(w, | w)P(w, | w,w,)--- P(w, | W, W,,..., W, ;)

n
=HP(W,. | Wy, Wysos Wi))
i=l

] ]
=l

= - ' P ° o
B9 P(w, | W, W,,...,w, ) ABAAnuges w, ARUILBINIAINAIALTBIAN
d =X 5l g & P e ow B b o
Wiy Wy, Wi, TUNATUABUNEN W, TIINANN1TTNUUT w, azTUuRgAUATIIMNANSY
nauwiin w, AmfuaAwiaua v azil v history , fatiu P(w, | w,w,,....w, ) asilauna

i ' a e 1 o < = 1 "

v Arfinanldlunasatuon 39lumoruiluataudanoanitasiduaes
[ o o 1 J

P(w, | W, Wy, w, ) W@ mns0A M lAa Ny nAInawuns w, , uax w,w,,...,w,, 9
] tll :‘r =l = A’ L] =4 [l = e =
dhalszluasialiiessns q duiilamaiisauiasnin wreunuazlinuas TunlfiReas

wisusnnguAreaniudaaziii g dulasnguAratnisoudalalasldAinaunda
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o ' o 4 " ' L4
Wy, Wy, Wiy MUAMIUTIWIN ) AU GeaZlddn P(w, | Wy, wy,..., W) WIAINNGUATTAY
wiadludoution 79791 i A1 udus ldnrsudailunguazaiun (tri - gram) s1aznn
ANENAsueIAIRIn P(w, | w_,,w,. )

e lunalfuRsannsamaianuinaniulilaanisduduaumgnisal i

o 4 dl = g o
aulalu corpus, W C(w_,w,_w,) Wunisiuduau w_,w_w, Miiaauli corpus Minan

Hn Wwdsaiuiy C(w,_,w, ) Auiuaamlddn

C(w_,w_,w,
};)(W,‘_lm’}f—z)z é(: 2 1 )
Wf—zwi-l)

v
uansrAtANtasiflufaedtneil azwudnasiiatliyuidinia ldwuaiay

o o =8 o 1y [ ] ' g
989A1119A1 Jn1TEnazn At A NLtazitueanuwniL 0

2.5.5 Smoothing

Tunnsa¥19 N-gram Language Model RaulandnAtyeatinaniiafAnaananinees
o o - v ° o aly
dayaniiunld dndu duAedgulunsaliis biidayasesfrunsanbideagnld 1
! . . . ° o g ' Ly { = af
a11170U7E0104A maximum likelihood AuiuArANitazidurasmanisel & Tafinau

Wuduau C(e) anvianua R 1

P(e) = C(e)

i & A «“ o

¥y v o o | o v 4 ) Sy v v
llﬁ:ﬂ’)ﬂ'ﬁﬂlﬂﬂﬂuquﬂldn'ﬁquﬂﬂqqnﬁ, ‘Vlﬂ‘umﬂﬂNl&’lﬂ:tﬂ‘NVﬂﬂﬁﬂnﬂun’lﬁ“ﬂ’Nuu

U guiunaauiuaiediniu events # observed uaz AulldvFumanisaly
o o [ =i J H o -«
unobserved &113U N-gram Language Model is1ldi@anunsananiaesiloyminasnuaiAni
Alainwulunstinlé andastinaudaiiAnAn 32000 A &5 tri-gram Azl tri-gram M
v 1 ]
W dvanuawiniy 3.2768e+13 tri-gram &1 corpus NMANAEN HUuA 100 §11A1 Tauflu
4 - J’ | ’.’- o o i 1
WER 1U1A 0.00030517578125% 184 tri-gram Miiaauldvintdues uasdmiunsdin ldwu
o r\d‘ =3 1 173 v ] ¥ ar rdl o a A’
AVAWINAATU Anannisdnuy azldannsninanifhuinduaud Jeliiiazifiaag
ar :' 2 ol o - =J = ) o y -J 8 Yo 4 '
AINUARINNITIIBINATANGENIINTTN1 smoothing el liAiAN1S bias A1
maximum likelihood waziwaliuwiladnlaifiAnAnuinasfduminfugusd watia smoothing
ligninunldlunisudle neddaiasauiranduminduaud dmiulunsdlds wusn 3

1:iﬂ?ﬁnglu language model A197 smoothing N1ANNTTUUNTUBINATA smoothing C)
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o o 1 ] g o 1 (] i
vliAnanisnszareAresrmiaziiuiliausuFauninay laadfuAanuinadui
° : & o ) 1 o o a
Ay AUTIRA1Ig91 YiuArauiiazifluiigaliaaaiiusiu uanannsiimaiia
5 1 ] o = ' ] [ L = 3 o L7
smoothing ¥ 1dazdastlasiulunisfindAraaainanily vindugududs mallatidedosli
=l i o lal 43
L oL PTG S TP AT
ANFnating adelunimnAnudnla axenannis smoothing atind8& MY

neel bi-gram Lidstone(1920), Johnson(1932),uax Jeffreys(1948)

1+c(w,_w,) _ L+c(w_,w,)

P(w Z [1+c(w w)] |V|+Z c(w. W)

v
V = QUIUATANNYIINNA

TnenAla q Hlidsnglunauiynsuilddniu uuudnassazgnueaily
VoA v l:l‘ﬂ’v 1 i o ° .d&’
unknown word uafRlFanaunisdeuuiifdalianuuingrrewuudnaeslabinzuan

nasleinswmunsaliifl

smoor}r(w I“)a n+l'"“’i—l)
_ {a(wl [ }vl'—nﬂ"'uzr'—!) I.f C( |-n+| Wi) > 0
y(%—nﬂ'"vvf—l)f)smoorh (W'. | M)i‘—n+2"'wi—]) l-fc(wi-nﬂ'“wi) = O

17 % A=l|4 ' o 173
AN@xN"7 1 n-gram @8150%UaN0 corpus NENATan laitluAud wasldan
v (I

s a(w,|w,_,,,..w_,) HanBuaziInig backoff UGR89 n-gram ARndn Taeld
aung P, (w | wi,.,--w,) 1aenReula1e9An scaling factor y(w,_,,,...w, ) asiusa
J o Y :’a = dl = ar Y] o n‘l’ 1
P nasanaaenITnszaavianuaiAniunily Fendaneinuludneroe wuuilduwuy
371889 backoff

AANBINNAUAINFUNITNA smoothing 1aun linear interpolation AMFUBUAY n-

i
] o

gram NuAUgINIMTaAINTY

Rmoorh(v% I wl'—n+l"'“’r'-l)
= APy (W, | Wy W)+ (1= AP ot W [ Wiyz--W,)
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= =4 ' i . z = g P o o 5 =
e A ABA weight 189017 interpolation TNIUBLNY W,_ .. W,; ANUULIIAN

a 1
GUNULULRNAAILLLEMULANA8Y interpolated
AR UANANAUIEMINAUULUANAEY backoff WAY interpolated ABRIMTLAIAIINUN
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vy ° a PR ) i o v
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Huaz il

256 AniszAnEn1saanau (discounting)

msaanauAt udeuiiiuialundnnissasnisudle ns bias maqmqm‘:cﬁﬁ
dunm 199n15Uszn A laeld maximum likelihood probability estimates mmqmﬁﬁu
Iargnufuandnlaagnusiadduiss@nsnisannau de ., 90 <= Ay <=1

amiunn C(e) =1 FaviuArasmeuuuLinslunsiuie
C*(e)=d,,C(e)
1 r Aednuauafa i1y uay » Aedrusuiviuufudadouannisludladu
r¥=rd,

dmFumsinmuadusransnsaanau viad d, Neguanesaiulaun

Good-Turing discounting

-

v o ! o = P 1 ° >
DUTININUAAT N, kﬂuqququﬂTﬂlﬂﬂﬂqTN ’Nmmutﬂuﬂ’]mu r A7y, E'IJLL'U'LI

AMFUNITAANAUAIULL Good-turing AarNnsndauldfail

(r+Dn,,, (k+Dny,,

rn n
d = r 1
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n

]
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Linear discounting

Tun1smANd N ENENITAANBUILLYL linear AIANNIT

Taed R AednuauAianuagasdayaminnin

Absolute discounting
FursEansnisaanau mldainnisauduiunuuliesndat b udamsane

. o e . % g
Al limiuanaianile

1 a0 n 1 H
FansanyiAn b= ———— Wdeanuangns
n, +2n,

Witten-Bell discounting

, o . R {
nMsMANANLTEANEN1TaANaRTeY Witten-Bell Taudndaulunisaanaumnluay

o

" ° ;:‘ o ] J | e ° Lg i ' s ] o o %
atiuauunTuly udarauediu t Iae tillusruaumanisaiiuanstaiududmiu bi-

v
gram “A B, t L{IuRILIU 284 bi-gram . “A *” MaMuA lLULLLANRAY
g

d(t)=
R+t
Waue1 mAlANITaAnauATTINdNAUWMATIANITNN smoothing backoff

arldaunisitiu

Cw_w)/C(w,) ifr>k
P (W | w_)=3d,C(w_w,)/ C(w,_,)) if k2r>0
a(w,_)P(w,) ifr=0
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r (k+Dn,,
) r n 1_Zv|»:r>l)f)""“"(%’i I ‘w"_l)
Taew d, = ‘ uae a(w, )= :
| k+Dn,, 1= o POW)

2.5.7 WANANSAATUIALDILLLINADINIE
Count-Cutoffs
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i ar o - 4’ o o o’
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L iy T T
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N-gram Pruning
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2929uLURNa88 TnadpAueniunguidu
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3.22 aanuuulasedaiierasnulaglunisnsiawnAanly OCR i lng
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- Token Passing Algorithm
-] o i o o/ i o 1 o o v
TudouiasifudaumanidulUlgannsasnassnldiunn Jdnruzniswale

aFune¥luumi 2 Tae Output #ildasiflu Word Graph 189ARianunsodulyIdfag 3.2

Host
1,4

Hast
1,4

Has
1,3

depth

( Start )

110-3 15'1 0-3
e ]
e 3-8 \Hin 3-8

RN

mye-11 | | mag11 || mee-11

===

4] LK Wie e
11-13 11-13 11-15 || 1115

N

2z 13-15

Ugn 15-19 1an 15-19

End

1% 3.2 Word Graph #ildansuaunsininuwiadedanasis



45

- Genetic Algorithm
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3.2.3 idmgujaudnaanainiunildlumsmsslaangnaaslanilsuilge
[ o PN ar - e
stuvvrastfuwlieglugduuulaslalanmuuuuuaunguiialuin aanasna
uazmnuansnduiihnanewsananduaNMaNzanTasiim

3.2.3.1 nsdfugtuuuaastiy luniswlszTuangnsiaevidnfiu
noufjawindanesny Anlwegluuureslasinlen TnaacnetalasTulaildainannidu
n19193A MUY LA aanTuuaGusuautadunisinunlataniadegy Taaauena

TAstuTgnuanasss liviismLduA AR lFNIR N3 ININUNI 4 T8 ana Ny

=

wm ] T [12igh
11-13 11-13 11-15 11-15

|1an15—19 | [ 1gn 15-19 |

End

length chromosome = Start node to end node

OO ROE

=l <

=l - o |
1% 3.3 Word Graph #l#a1nnszuaunis Token Passing uazsaatalastulsuiignidan
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3.2.3.2 AuuaRaiduaINmMNIzay (Fitness Function) NAzgniaan
saalastulniuiteananalddnduiaiduiidmmuadiaumanzanteusiaslasiuley
wWFauaieudraauaisalunisetdsansasusaziasiulanuaniuisidunnmualania

viiadndouiusarlaslulanmmnzanazgnancentyfunnteaiiesla daaunis

Z Probability(node i)
Fitness, ==

n

Fitness, = Perplexity(sentence)

. * B )
Fitness, :(Fn‘ness1 30)_{11 log,,(Fitness,) 5 70j

100 10 100

Toe n Ae 971U Tuaniiu (anwauanenatasiulan )
Fitness, An AadaAiauiiaziturasailaain OCR
Fitness, s AAuAguIATaTelscleaflfangduuuanaasn 1w (Language Model)

. &, = v
FIIHESST AR ﬂf]l‘ﬂﬂﬂ'ﬂ’ﬂ\iﬂqqugﬂﬂ'ﬂqm'ﬂﬁﬂ?ziﬂﬂ

- -4 o fd d
3.24 asldsunsupanfanasniungegialuinaanasniniianlsy
a <l [
ansnnlumsmiszlaangnaas

o = =l v = = o = R o’ v
mmun'i';‘wmu‘l:ﬂmm‘umu‘[mmmwquﬁ{]mmmmmnmnmwu falATeasig

20N EJAFUN 3.4 uaz 3.5
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Procedure GA
{

t=0;

Initialize population P(t);

i aiadszrannsiasiulansminnitinlaenisgu

Evaluate P(t);

/I Amszianan i zauuaaslastulsulszanssiuniilia

While not terminated (do)

il neagaudaulannumels

{
Pp(t) ;= Parents_selection P(t);
/1 AmdaniasTulgusuuuainlssainisfunan
P'(t) := Crossover Pp(t);
i wanwasudoutudnnslulasiulonfuuy
P"(t) := Mutation P’(t);
1 fmdulasTulanduuuy
Evaluate P"(t);
/1 AmziRANNmMNNTaN etz n sl
P(t+1) := Select(P"(t) U Q);
/1 @enyszang
ti=1t+1;

}

}
i v = ar =
5U% 34 Tasvainresadndaneiny



(_ Start )

' generation =
0
Initialize
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Evaluate \

s
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o RS

_—Generation =="__ Yes
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\\'\F\ermlnatg/ 5
B BT

Selection
:

Crossover

I

Mutation

Evaluate

A

Survive

I

-~ generation+1

d - o “a
519 35 laezunsulassairanumndanasnu

Parent ‘ Output J
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dausiner aealaezunsugd 3.5 adlunszuaunsremaufjwEndaneinunld
TwamAsslunsuidetianannuesmiasnmsiiléiain OCR mmlne laneduneiu 7 Wde
1 o d"
tineIAatl

1. Initialize Population (flunnsairalszanssunuulaunisguain Graph AaUG

Start Node 019 End Node #agusiaatineh 3.6

Start

| n1g 8-11 | \ i 8-11 H m?8‘11J

=]

" w Wz || wnz
1113 | [ 1113 | | 1115 | | 1115

‘

£~
| Ugn 15-19 ] i Uan 15-19 \

o
-G

=i ar ] v
51" 3.6 gUdetinvraansainlszanssiuuuulaanisguaIn Word Graph

2. Evaluate Jias1zvArAmmuizanuiazlasiulan aanauns194 Fitness
Function
& = ' T o o o
3. Parent Selection (Hun171@anlasTulENNe-LHINENALATENINITATNUAITN

ar o =l ¥ a e = e ‘ ] : °
nugAani Inedsnsqgulasiulansuuuvresamndanasnuuuudraiuiuiuudnaas
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v ] v
n1suyudataaitmin (Roullet Wheel : RW) TaR1MuATNI ALAAZT8928929885UAN

i v
anutaziiunasduliluusasafianusiasTasiuley
1 0

0.788

2

0.725
0.63

g7 3.7 gUietineaes Roulette Wheel

4. Crossover fluntsafivlunisuanudsudauaastastulaua-usl aaunag
nuusdnsiANiaziiiuraanizasealanes (Probability of Crossover : Pc) Lﬁﬂa%"ﬁa‘gm
Tnstulangulmivialasinlangn InfilassainedsgUli 3.8 uazsetnaeanisaseataned
cﬁ’qgﬂﬁ 3.9

Procedure crossover,;

{

Crossover_count := population = 0;
total _ crossover = Pc * (Pop_size/ 2)

while Crossover_count < total _ crossover

{

Parent1 := Random using Roulette wheel P(t);

Parent2 := Random using Roulette wheel P(t);

If(parent1 and parent2 have crossing point)

{ Position := Random from all crossing point;
Children:=Crossover(Parent1,Parent2,Position);
Crossover_count++; population +=2; }

}

while (population < Pop_size)

{ Children := Random using Roulette wheel P(t);
population ++; }

}

=
51 3.8 3Ulasaa¥ea@ens Crossover
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Parent chromosome

Random =3

Children chromosome
4 L )
51U% 3.9 71Us78t19789017 Crossover

o i ] o = : 1 ar o ¥ 1 ] [

unisasealanefluwsasiuaniiunisusgiunisiauuasl p, Jaunnseiu
Tuursziloynn vy §131uudssansusaziu popsize iy 6 Tastulan uazinvualii p =
0.666 UAIAIUIUNITATEATDIIBTIUUARSFUNIAY P, *(popsize / 2) = 0.666 * (6/2) =2 AT

] >
(msasaalanaiuilaiunaainiasiulauaaalasiule)

5. Mutation Husiaadfiunisemansaniiananadanilasiulay A1A210

d; [% T o i L% i 1
WMNIZANATUNAIINNITATRA BT IaenauAIUTY Node 289lasTulonlmiduanlud ann
angIAMNUIAITureInIsliamduluusAaiin (Probability of Mutation: Pm) laslunng
Handuduazfanuunuazieeg A UumiaIIs 1 ALMENEsRL ARRTaAINNTNINg
Numduldnssetagui 3.10
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Before mutation

Random =3

New chromosome from mutation

o ]

=l a o
319 3.10 gUfeENRINIRATY

AuauntsiamdulunsAazfulvagfunisionuadd p_Seauansteiuluusas
teynn 1iu fr8uanlszansusasgu popsize 1y 6 TAstulan Faaananalasiulan s
WASAIMUALH P_=0.1 WAIRIUIBNTRNATUIMUARZSUNNTL P, * popsize * Ichrom = 0.1 * 6 * 5
=3
6. Evaluate AnmziAAmanzanusazlastulaugnldainnisnisaiiunig
NUNUFANART AINANNNTIBA Fitness Function
7. Survive Wlunszuaunislunissaduladadeniasiulaunaly wasainluung
::‘ 3 o - o =8 : = A=i = 1 1 d‘d 0
AFaNTTANMIAIABUTRdRAndanasnNdullantanargoydeTasTulonluguina nldn
[ ] v 13
AN wsnzania Wld Feasilildaineundudaluiusuinviadesas aaiu aosiinng
Yiudgaliaruaunisdumaieey eafnunlasTulonngliudoasdas Wddmuin1sAnay
RS
TguialupauiEen
L = o = ==
3.3 FuTINTAYALASIATISRTDY AN UTSANE NN
1% ﬂ: = oar 2 o M = ar =3 o " dl'
gudayanlilusnuidelduinanuideinilaodmiuludnuoie Text File Wie

Wunlfluguuuresnimn(Language Model) uazn1sundss@nsninaeanguijiaiudn

sanesnulunislszlaaignsasanlfufauifisudungujniswidslaangnaeawuy

Full Search
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nsasaastilunisias weudladetianainrasmaenesnlsiain OCR N lng

Wi AugnAeIInTulaenqEj IR UANEANEIN HANITNARBUENAINNTUNBUNNAGS

a1n OCR #flAanuihaziiugegaaasmadnmsusazsionairaiui il dlaedae)
Wuz1/89 Word Graph aeidgnstninuniadedanesin antufazwiilszle angnsealag
naszanAlinguiamindanesfinnidealunisfunidszlaaiigniieasain Word Graph
TatIA Fitness Function aziflunsinerArauitaziiiugesati ldain Innuniads
SNy uaT ANANNARNIARE(Perplexity) AN Language Model iadatlunidszlaah
4
gneias
= [ & . z =

A1nA15197 4.1 1AagUTanan 1snAaauAaNNAT Fitness function 189 NQ 1]

wRndanasnulaaliiinisdnsessadnesitialudousasdunninlaain OCR iuinuau
v

0, 10, 20, 30 FIBN®T ATNATUIVFIBNEININNA 282 AIBNET

pasatNaNEA 30 FinBnus

"Fusunz uddrnsdeluiideagiainiauiadrazainlsiniiungaviely us

1
=l

U U v 2 ar } 4 ' 1 3 ar 153 o s 3 =2 Aé’

arganguengAnAmnizaeainiasanislzlehidingaa lasandanu hganam
- [ v - / ot of d

aarrausTevza Vi laseniieailswddiungs Waaintainiusas anun

Ussgu UASINAIBITNE AUNITNAATL"
Tneils=lepfigneiasde

“Gusuz widnsgiiddeagianisuiadiazaiielaIndtiungauzala usan

¥
=

an nguT1MgAnAunIsnaailasanislsWiAIna larandams idganun

o

arsrsauzrremeia uinndasnisneailnlwiiiiungs WeaiiuWniuses aoun
Ussqa uaKINIASIT04E AUNITNARBL"

1R Aaa I HNI1IATMUARAT Generation = 30, Crossover ratio = 0.6,

Mutation ratio = 0.05
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- Wrong Char 0 10 20 3l
Fitness

Fitness, ATUIUEA 0 10 20 30
%ANYNFIBY 100% 96.45% 92.90% 89.36%

Fitness, | TWuiin 11 9 15 15
%AMNYNGIEY 96.09% 96.80% | 94.68% 94.68%

Fitness, | AWuiin 2 4 7 6
%AIINGNHBY 99.29% 98.58% 97.57% 97.81%

z Probability(node i)
Fitness, =

n

Fitness, = Perplexity(sentence)

Fitness, = [Fitness‘ *30}_(1 l—ldgm(Fitnessz) i 70 J

100 10 100

Tmel n A9 A7u9u Tuantinu (uauanenalasTulan )
Fitness, Aa AadtAIANaziiivaasmlaain OCR
Fitness, A8 AMANARuIATTedselaafliaIngUuuus1aean 1 (Language Model)

. <4 i n‘ 9
FI[HE’SST AD ATLRAETBIAITUEN siavaaalszlun
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I
=

A1NA1519N 4.2 azdsznaulUdelselaanninisnagaunlaann OCR TasFy

ansadnusidaAtananiluliingean 5 fdnesundigauasunisininuniada

1
v o o

Fane3iu anntuldAnfdulu g famn aiieglugUuuuaes Word Graph aanun fauiu
dszlap vt Geazfesfiiiluldey 14 Adusiudiu Word Graph uaidiasins
mdsele ﬂ-'i';gnﬁ’immn Word Graph vulng nslUynidun19193 Word Graph axlalselan
31uau 48 Urrlaafuiul1s andufiinlnmaseumanugnifesseslsslanann Araa
vhazifluaesdni ldanauaunsinunnagasaneding uaz A Perplexity A10 Language
Model 39azsauiy tnelumsemari Optima (Araeelssluafinssiu Input wiaA1104
Uszlupfignaea) anuinimasaufludiuou 10 afalundazlssloalneldngu]

WwiANSanes Ny WauArANtNazlueIA R lAA I NILINNN T TNNUNI ATIEANBIN LA L

| |
| aSaa o

A1 Perplexity a0 Language Model laaazifuAinangauazanliangald dauanalunn
k4 g =il 1 ﬂdl v r:il L7 dl [y
$74 gARNEAINAT9AETIAT Frequency TeaziiludrlanianiacldAiigneiesnnseiudunm
¥
IBIRIAN WU
AMNNANITNARDILTININUAAT Popuation size = 30 ,Generation = 20, Crossover
ratio = 0.6, Mutation ratio = 0.05 A8 N1¥NAARAUAENINTS Run Program 10 A4 6ia 1

Sentence Tntinan1TnaaaLLIIATUAIANT19T 4.2
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A15199 4.2 HANNINAREYUNNT Run Program 10 A3 #d 1 Sentence
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Input Textand - Posible Optima GA frequency oP
Number of node sentence Best wrost
winiwu 48 0.817 0.817 0.817 100% windllwu
(14)
ﬁmunjuﬂmﬁu 234 0.724 0.724 0.724 100% ﬁﬂuumuﬁmﬁu
(25)
TMUsTTNNNIIURY | 2,037 0.8789 0.8789 0.8068 90% AMUSTTH NIT N DY
(52)
Tunarszgqurzvang | 2,298 0.9176 0.9176 0.8452 90% lu Mg Uregu ssudna
Uszine Uszina
(58)
wuzmAsAmungn | 1,560 0.7807 | 0.7807 0.733 90% wue wida A 1um gn
(55)
AN MAREIT 1A 323,680 0.94708 | 0.94708 | 0.82 60% Ha M7 nAaea 1 1
AINMTATLIN 47N N7 AU
(74)
NNAUALBAYTE 27,272 0.85244 | 0.85244 | 0.8003 70% YN AU ALY A WTD
nlan e
(80)
UANIELEAN 370,320 0.77539 | 0.77539 | 0.705 40% NU IMANA 1BAN
aaaTul T o829 Tu O T
(86)
reufwinlignda | 1,741,824 08327 | 08327 | 077 20% riou Au i1 W qn
BNALAUATIL 7 en Ay fuane
(104)
ulounanaadeen | 1,330,428 0.8472 0.8472 0.80 20% ulsune noada 8
wwaalan W An Tan
(117)
wiaanfsnmadh | 10000000 | 0.8467 0.8467 0.75 10% wiaan 71 e dh
moaAuuaslivan n198 Au uaz I
JudAty wan 5 d1Aty
wATBethaRaza vl et A Az
Wdada duanis a1 I B i we
ey s vy
(217)
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31194 Node #l#a1nauaunIs Token Passing Algorithm Tum15719% 4.2 fiad)

o ' ' o a i ° ’ i
unnuindasi liaunsanadsslaandulyldamwauninau fagui 4.1

e )

Number of possible sentence

0 20 40 60 80 100 120 140 160

Number of Node

d i o id i
719 4.1 uamansvianuan Node fu anwnuszloanaunsaiululs

Tumsmaassdusielinanisldnagettaanisnasud Population Size(Popsize)
dagdnailasuulasdn Population Size Huasanisulasuulasiunisundsiaiignda
viali Inalunanimaassldnagauienlsloafifianuan Node 4919w 74 node AANITD
Aaselaranuaiifhulu g uan 323,680 Aaavinimmagay Tnanmumnrdnssineg
psdnmilaulunimmasesluniei 4.1 wWasuwlauitosuden Popsize Tnnagléda

p
AT 4.3

=l i '
AN9199 4.3 wan1InaaalunisauilaeAn Population Size

Popsize Frequency
6 10%
10 20%
16 40%
26 50%
30 60%
50 80%
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Vv ] ' i
aniulinagaulaanisifauan Generation agin1slasuuwlasan
Generation finansznusanisuldauulaslunismilsslaangnsias Tnanmunaddns s
Asdnmiaulunmaaaclunneei 4.2 WasuulasneawsiAl Generation Tnaaginanis

NARBINIANTNT 4.4 uarAagingnii 4.2

-3 = ' ;
A157199 4.4 wan1InAaed N1 asuLlaIAY Generation

Generation Frequency
3 10%
B 30%
10 40%
15 50%
20 60%
25 60%
30 60%
40 70%
50 80%

fitness value

Fitness value

0 2 3 5 10 15 20 25 30 40 50 75 100
Generation

d 1
719 4.2 naruamsnanislaeuilas Generation
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Tumsneaaudusslliznlaminimmaaeuludianaes Genetic Algorithm lun1sAu

wilselaafignsiasiaanFaudisuiu Full Search (Possible sentences) iWanIUss@nsnan

189N19B M) Genetic Algorithm ndatluntsuszlaangnsies Tnagulddamise

nas

< i a
M990 4.5 uanimaseslumsuSauisuiienssBnsn nasmoud]

Number of Possible Generation of Mean ¥
Node sentence optimal solution Generation
Min Max

14 48 1 13 4.4 2.75
25 234 1 3 1.8 0.230
52 2,037 4 39 18.2 0.268
58 2,298 9 254 254 0.331
55 1,560 1 43 14.4 0.276
74 323,680 72 5912 2385.4 0.221
80 27,272 6 358 358 0.039
86 370,320 19 7253 1719 0.1392
104 1,741,824 13 8210 2268.4 0.390
17 1,330,428 25 7304 2325 0.0524

Algorithm xnaalunmsuseluangnsias lagda Y wiaan

ANA1519% 4.5 A1 Y iWuAdalszdnnanildainnasiniaamgu]) Genetic

(Popsize x Mean Generation)

Possible Sentences

AINTUTIUIRANTITNARDIN LHAINAN199 4.5 NanAaansn Iidag1lHi 4.3 e

uambiiutalsz@ansamlunisifauiieussuina Genetic Algorithm Waz Full Search
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w

N

(=]

Ratio GA Sentence/Possible Sentence

0 20 40 60 80 100 120
Number of Nodes

=l = = i o’
U7 4.3 navuanatsznBninaeange] Genetic Algorithm tneiiteuiiu Full Search

lusnaudalildmeasulsc@nsninlunsmsadnusignsiesdaaliduwniuem
ANWINAALIUIN 0, 20, 40, 60 FiadnusvadsclaAnannAsITuou 282 Fadnus a1nu
NARBUANAAINYNSBITBIFISN M IINsuATad i AN neTBeNnnRe e A

= o 3 d‘ o 1 dl L= 9

BuNNTBFISNHIANARBUANTY “AUN1INAFAL” Taazia1ARaldid 1 Ty

B e v o o o o of Ve i
Useloa antuiinmanssnInalasaeesasnesuiinisuraidlwlu s sy

§ > A

U2 12 ® 2> u> u
N RPN

"> 1

r= 12 1

n > W

A2 8> B> A

a 2> @

2 2> a > 8
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v v [
anAlnalassanniuiazaireaauuilaanssurunisninuniadidanasny

[y i [y 3 a o P
Ll.ﬂ:l.‘ll’]ﬁni‘:UQunﬁ‘a‘M’Tﬂi‘ﬂﬂﬂﬂgﬂﬂﬂﬂﬂﬂ‘l’l&tqmmﬂ‘aﬂﬂ’ﬂ?ﬂu 'N’ﬂ’lnl:l'ém’li‘ﬂﬂﬂmtﬂﬂﬂ"li‘
s w

Watud Sunnlaginusasnssinadll GeagUualdnannsai 4.6

[
=l

<l a o @ v
MANT9N 4.6 Nﬂf’l’]‘l"ﬂﬁﬂﬂﬂlﬂﬂﬂ?ﬂﬂﬂ?:aﬂﬁﬂ’]?ﬂluﬂﬁ'J“I)I’IFI’J'ﬂﬂ‘l:l’i“b’!Qﬂﬂﬂx‘l

Generation 10 30 60
Wrong Char
0 | %Augniasiauun 98.17% 99.63% 100%
AuuARANTIMIA 14 1 0
20 %mwuqnﬁmvy‘fwun 89.81% 97.45% 99.63%
AuAAINTNA 28 7 1
40 | %Armgndiaaviavum 83.36% 97.09% 99.27%
AMuRRANvNA 32 8 2
60 %mmqnﬁm%\mm 92.72% 97.45% 98.90%
SRR INaMNA 20 7 3

v 1 I} 1 |
AINWBTIHANIINAARIN 1ANNAI919% 4.6 uandanns N AR 4.4 e

G

wansiiunadss@nsnmluniswmsadnushignsies

—*— Wrong 0 —%— Wrong 20 Wrong40 - Wrong 60
100%
a 0,
ag 95%
=
=7
=
(&
& 90%
32
85%
0 10 20 30 40 50 60 70
Generation

= v

d - L
31U 4.4 nsmluanslsz@nsnmluniswisadnesigneias
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TugauuanismaaaeansusaliiflunimaseaFauNeUaaNITNARBITENIN

2/ v = o o ﬁi‘ [ Y el -: [ = R
nsufladatianannaassoanssnlsann OCR N1 nadqedgininuniadedaneiny
Kruatrachue(2001 : 599 - 602) Taains Prunning Audsufiladetianainsesmaonssils

371 OCR N Inasnalatiaiudndanasny

- P v v o
M1919N 4.7 Nﬁﬂ']i“Vlﬂﬂ'ﬂﬁ1un"]ﬂlﬁ‘ﬂllwm1.iﬁ'ﬂuQﬂﬁl'ﬂ\ﬂuﬂq?um‘ﬂ'ﬂ’ﬂﬂﬂwa'}ﬂ

Input Wrong Number of % Correct Number of % Correct
Character Char Sentence Sentence Sentence Sentence
(Prunning) | Wrong % (Genetic) | Wrong %
0 32 0 100% 150 0 100%
25 Char 3 32 0 100% 150 0 100%
6 32 0 100% 150 0 100%
0 1044 0 100% 900 0 100%
50 Char 5 1044 0 100% 900 0 100%
10 1044 0 100% 900 0 100%
0 3983 4 94.6% 1500 1 100%
75 Char 8 3983 4 94.6% 1500 2 98%
15 3983 4 94.6% 1500 5 93.3%
0 2068 5 94.4% 1500 0 100%
90 Char 10 2068 5 94.4% 1500 0 100%
20 2068 5 94.4% 1500 5 94.4%
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Abstract

This paper presents an efficient method for Thai
OCR error correction based on genetic algorithm
(GA). The correction process start with word graph
construction from spell checking with dictionary, then
a graph is search for a corrected sentence with the
highest perplexity (using language model, bi-gram
and tri-gram) and word probability from OCR. For a
long sentence. a search space is huge and can be
resolved using GA. A list of nodes is used for
chromosome encoding to represent all possible paths
in a graph instead of standard binary string. The
performance of the suggested technique is evaluated
and compared to the full search for tested sentences of
different size constructed from 10 nodes 1o 200 nodes
word graphs.

1. Introduction

The use of dictionary, and language model
(bigram, trigram) has been widely used for error
correction of English text generated from OCR. In
Thai language, there is no space between words. The
spell checking has to go through all possible
ambiguity characters and word boundaries as shown in
Table 1. A complete search using token parsing was
proposed to this problem [1], where the input text
string generated from OCR was a list of up to five
most probable characters (Table 2). Tokens are
generated for each characters and pass to the next
position in the input string (Table 3). Token with
characters that is not part of the word or word in
dictionary is discarded, other tokens are passed to the
next characters positions in the string. Tokens
contained complete word is save along with the word
position in the string, which are used to constructed
word graph  (Figure 1).

The corrected sentence is retrieved by a full search
of the word graph for a sentence with maximum
perplexity using language model and word probability
generated from OCR. This search can be implemented

by token parsing along graph node with pruning [1].
But for some long sentences full search is impractical.
For example, a word graph with 8 levels with 7 nodes
in each level can generate 78 (5,764,801) possible
sentences. In this paper, GA is used to search the
corrected sentence.

Table 1. Comparison of spell checking process
between language with and without word boundary.

Space between words No word boundaries

iz Ana [T
Has to Hasto
2 words need 1o do First word checked: Ha*, Has, Hast.

spell checking: Has, to. | Hasto

Possible second words: (start from Ha)
st, sto (start from Has) to

Passible correction phrase Has to

* Shows a word or beginning of a word in a dictionary

Table 2. Lists of at most 5 characters from
OCR_ with their recognition probabilities.

H .87 a.88 5.86 t.85 0.89
0.77 5.79 .79 a.78
e.75 1.79 e.76
d.74 1.74 d.73
0.72 0.73

Table 3. Token passing examples
without passing word boundary token.

1 2 3 4 5(char. Position)
H a s t o
Ha* s, Has, L, st, Haslt, lo, lo
Hos,He. Host, Hest
5 £ a
[_tst | [_akt |
: 1 e
i Hast | I Haste, fe |
d 1 d
0 0
Ha,ho,he Has Hast, Host,st to,lo,a,la.ta fe
JHaste
1 3 4 9 7(num. of token)
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Ha ¢ He_st a_
: ( Hosta. i
1 A

Host_a_ ¢

Figure 1. Word graph generated from character
level token passing with 11 tokens at the end node.

2. The Genetic algorithm

The concept of genetic algorithm [2], [3] is to
simulate the natural evolution process. In nature, the
individuals constituting a population adapt to the
environment in which they live, The fittest individuals
have the highest probability of survival and tend to
increase in number, while the less fit individuals tend
to die out. This survival of the fittest is the basic idea
behind the genetic algorithm.

The algorithm maintains a population of
individuals, each of which corresponds to a specific
solution. A measure of fitness defines the quality of an
individual. Starting with a set of random individuals, a
process of evolution is simulated. The main
components of this process are crossover and
mutation, which mimic propagation and random
changes occurring in nature. After a number of
generations, highly fit individuals will emerge
corresponding to good solution to the given
optimization problem. Figure 2 outlines a typical
genetic algorithm.

Procedure GA{
t:=0; Initialize population P(t); Evaluate P(t);
While not terminated (do){
Pp(t) := Parents_selection P(t);
P’(t) := Crossover Pp(t);
P”(t) := Mutation P’(t);
Evaluate P”(t);
P(t+1) := Select(P"(t) U Q); //select the survival
ti=t+1; }}
Figure 2. Structure of the genetic algorithm
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In this algorithm, P(t) denotes a population at
generation t. Q is a set of population to be consider for
selection, e.g. Q = P(t).

After initialization parents are selected according
to a probabilistic function based on relative fitness. In
other word, those individuals with higher relative
fitness are more likely to be selected as parents. An
offspring population P’(t) and P”(t) are generated by
means of crossover, which exchanges information
between parents, and mutation, which further perturbs
the offspring. Then the offspring are evaluated.
Finally, select(P(t) U Q) is select the survivors from
actural fitness.

2.1. Chromosome Representation

The first step in designing a genetic algorithm for
particular problem is to devise a suitable
representation scheme. A chromosome representation
that stores current solution state is necessary to make
available the crossover and mutation operation, and
enhance the performance of the algorithm. Since the
length of search paths of a graph can vary in length
the list representation is used instead of normal binary
string or other encoding [4]. As shown in Figure 4, a
chromosome is represented by a list of nodes of word
in the word graph (Figure 3). A node contains word
and its position in the input string. The valid
chromosome is the one with nodes that has the start
and end position in order without skipping. Since the
chromosome is not encoded using binary string, the
crossover and mutation are modified accordingly.

Table 4. Corrected words and their position saved
from Token Passing Algorithm

" Star 1 Dats babili

0 3 A [

0 3 i 0.8835
3 8 e 1

3 ] Ao 097

8 1 o 0.89

8 i e ]

8 I s 0.98
11 13 o |

1 3 o 0.99

1 15 - 1

] 15 pre 0.99
13 15 - 0.91

5 19 o 0.98
05 9 g 09114

IFF.F.
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Figure 3. Word graph of Table 4
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more emphasis on perplexity value (70%) rather than

word probability.

> Probability(node i)
Fitness, =+ (1
n
Fitness, = Perplexity(sentence) (2)
Fitiess, = L Fr'zml’:').\(-; *30‘J +[‘ 11- Iogw] (0 Fitness.) , % J (3)

Table 5. Example results from computing fitness.

Chromosome Fitness; Fitness: Fitnesst
1 0.98028 25946 0.755
2 0.948 9761 0.775
3 0.942 45854 0.726
4 0.965 6183 0.794

2.2. Initial Population

The initial populations (search path) are generated
randomly from a word graph as shown below.

SIN AEAN TN

1 ) /e - My _{/u::\ gn,
{ - = I !
RCE VAN T VN TV SRNTE AN ET
P e —~
i _(/M \ m3 mz
\ — = J
NN V% §11 NI NS 19

A gn
3-8 &1 NI |:;, ERE NEQD)
AT .
i 3
{ Hw (o
LU P 2 -._‘J/ 1y

\n 3157 NS m)
Figure 4. Example of initial population
from word graph

2.3. Evaluate

Fitness function of a chromosome is based on each
node (word) probability and the perplexity of the
whole sentence. The word probability is the average
probability of characters in a word provided by OCR.
The perplexity is calculated from all words in a search
path using language model [5] and normalized to the
maximum of 1. The fitness value is weighted with

2.4. Parent Selection Methods

In this paper we uses the roulette wheel selection
scheme [6] as its selection mechanism. The selection
probability is the ratio of the individual fitness value to
the sum of fitness value of all individuals. The roulette
is divided into multiple fans, where the angle of each
fan is proportional to the selection probability of the
corresponding individual.

2.5. Crossover Methods

In this experiment, we use one-point crossover,
where parts of two parent chromosome are swapped at
a randomly selected point to create two children
chromosomes. Figure 5 shows detail crossover
procedure. Parent chromosomes are selected by
Roulette wheel. The common character positions of
cach word between two parent chromosome are
located and use as the crossing points. In figure 5 the
crossing points are 3, 8, 11, 15 but not 13. Hence,
some parents may not be crossable and new parents
are re-selected. The number of crossover in each
generation is controlled by crossover probability (Pc).
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Procedure crossover;
Crossover_count := population = ();
total _ crossover = Pc * (Pop_size/ 2)
while Crossover_count < total _ crossover {
Parentl := Random using Roulette wheel P(t);
Parent2 := Random using Roulette wheel P(t);
If(parent] and parent2 have crossing point){
Position := Random from all crossing point;
Children:=Crossover(Parent],Parent2,Position);
Crossover_count++; population +=2; | }
while (population < Pop_size){
Children := Random using Roulette wheel P(t);
population ++; }

1
( PR) _{/xd{,\

0-3 3-8

m

03/ :

Parent chromosome
Random = 3

<
(e &-D

Children chromosome

Figure 5. Procedure crossover and example of
one-point crossover

2.6. Mutation Methods

Mutation is a background operator, which
produces random changes in various chromosomes. In
this experimented we use a simple way to achieve
mutation by altering one or more genes. We random
change word(s) in randomly selected chromosome
with alternative word(s) in the word graph. In figure
6, shows example of mutation, where word at position
(8.11) are change to other word located at the same
position. The Number of mutation perform in each
generation is defined by mutation probability (Pm).

Before mutation

Random = 3

n A Ugn

New chromosome from mutation
Figure 6. Example of mutation.
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2.7. Survive

The next generation populations are selected from
the new population generated from crossover and
mutation and some of the parent population. The
reason that we include the parent in to survival step so
that the best population in the previous generation is
not lost.

3. Statistical test results

Statistical test results were conducted from strings
of five probable characters of various length generated
from OCR. First, word graph is extracted using
tokens parsing and dictionary. Then genetic is applied
to find the correct sentence from all possible
sentences. In this experimented we fixed population
size to 30, number of generation to 20, crossover ratio
to 0.6, mutation ratio to 0.05. The statistical results
are average over 10 runs per sentence. The results are
summarized in table 6, where node is the number of
node in word graph and possible sentence are the
number of all possible sentence generated from word
graph using full search. From the table 6, we can see
that the corrected (optimal) sentence can be located
more often for sentence with smaller number of nodes.

Table 6. Results from 10 runs of
various length sentences

Node Possible Optima GA Freque
sentence ncy*
best worst

14 48 0817 0.817 0.817 100%

25 234 0.724 0.724 0.724 100%
52 2,037 0.870 0.870 0.806 90%
58 2,298 0917 0.917 0.845 90%
&5 1,560 0.782 0.782 0.733 90%
74 323,680 0.947 0.947 0.82 60%
80 27,272 0.852 0.852 0.80 70%
86 370,320 0.775 0.775 0.705 40%
104 1,741,824 0.847 0.847 0.80 20%
117 1,330,428 0.847 0.847 0.80 20%
217 >10.000,000 | 0.846 0.846 0.75 10%

* Frequency is the percentage for getting the optima calculated from 10
runs

We further varied the population size and
number of generation, while fixed the remaining
parameters as the previous experiment. The results of
the sentence with 74 nodes are shown in Table 7,
where the average for obtaining the optimal solution
will increase in proportionally to the population and
the number of generation.
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Table 7.
(a) The population size effect on the frequency
of finding optima
(b) The number of generation effect on the
frequency of finding optima

(b)

Generation [_ Frequency
3 10%
(a) 5 b 30%
Pop Size Frequency 10 T 40%
6 10% 15 50%
10 20% 20 60%
16 0% 25 60%
26 50% 30 60%
30 60% 40 70%
50 BO% 50 80%

Table 8, compare the number of sentences used
in genetic search (GA sentences) and the total number
of sentence generated using full search (possible
sentences). The data are gathered from the first
experiment, where the generation number that locate
the optima are recorded and used to calculated GA
sentences. The comparison results are also shown in
figure 7, where the performance ratio is the ratio of
the GA sentences over all possible sentences (full
search). From this graph, we can see that genetic
search space is very small in comparing to full search
especially in medium to large problem. But for small
search space problem (48 sentences), GA search space
is much higher.

Table 8. Comparing the number of sentences
between GA and full search.

Possible Generation of Mean
sentence optimal solution Generation. Y
Min Max
438 | 13 44 275
234 1 3 1.8 0.230
2.037 4 39 18.2 0.268
2,298 9 254 254 0.331
1560 | 43 144 0.276
323.680 72 5912 23854 0.221
27,212 6 358 358 0.039
370,320 19 7253 1719 0.1392
1.741.824 13 8210 2268.4 0.390
1,330,428 25 7304 2325 0.0524

Y = (popsize * mean generation)/possible sentence

Ratio GA Senlence/Possible Sentence

] 20 49 60 80 100 120
Number of Nodes

Figure 7. Compare full search and genetic search
space on problem size

4. Conclusions

In this paper, we investigated the possibility of
using GA to correct sentence generated from the OCR.
We present the graph path chromosome representation
and genetic operators on the path chromosome. We
also compare the GA with full search and experiment
to find the suitable size of the problem suitable for GA
(number of nodes in word graph > 14 nodes). The
experiment results are very encouraging: it can find
the best correct sentence very rapidly in comparable to
full search especially in medium to large problem.
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