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Abstract

This report presents a study of approaches to the design and development of handwritten Thai
character recognition systems. The contents of this report include the creation of a handwritten Thai and
English character database (over 50 thousand characters), the development of a computer software for image
pre-processing to improve the image quality and convert them into an appropriate format and size suitable for
character recognition, and the design of a Thai character recognition system using distinctive features of Thai
characters based on the existence and location of the heads of characters and the stroke changing sequence
technique. The cutcome from this study is a basic design approach useful to the future development of efficient

recognition systems.
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OCR Database Project

Before Thining After Thinning(KIM)
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Operates one pixel
at a time
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gﬂ‘ﬁ 3.9 The One-Pass Algorithm in the Square Grid
384 3: High-Speed Thinning Processor
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x'=ax+a,y+a, (3.1)
y'=a,x+asy+ag (3.2)
Ty a,,a,,..,a, dudnsilag MlfammdmslSusnelipihuiudadoulaoasedy

My fua Tugll 3.14

Symne
-—-—-—-—-——b»

517 3.14 amedrBnysneuiarndImssuYwIn

v T b4
31N 3.14 urawaveamsdSurnavesnw Funainseuvesnmisuduiudivualrgasda

[ = = @ { ° [ (=3 {at a
Sausidoudalimapdred oy vdwnilddhmsdSunnasesnmudafes 1dnmitvunelndifius

@ < g =y Y
ﬂ‘lJﬂi?]‘UIﬂEl‘ﬂﬂiE)UﬁJ'E]QﬂWWﬂNﬁJu'}ﬂaﬂa\’lﬁ]"m‘ﬂﬁ’ﬂﬁﬂﬁﬂ’m
nwﬁ%’uwmsmu‘lﬁs%rg’fu (Non-Linear Shape Normalization)

é g o Qr =1 1] ) el ¥ o = 5] T ~
Fugnuhammdensdsunnaeeiialin idudadaulagassfuamidn oneziijiisda

el duru Tugil 3.15

Usyvum
e o—

TBaudu

5Uf1 315 amdrdnysaeuuagndsmsysuvinauyy iFudu



23

IEmsnagou
v
FEmsUSuruiavesnmdsaysiwuududuias WiFudu Idhwnaumanuves Seong-
2 a. ar "o S ]
Whan Lee, Jeong-Seon Park and Yuan Y.Tang [4] ¥¢ldtausiinsdSuvuauuuiFaduBnawis ud
g s - oar a:y VA =3 ey o 37 o Y o
dwmFuanfed idendies 2 T3 TasRnsannnanumangaundinal anududeulumsdmon
3 ] o b1
sazanugndeuiiohly1Flumsis Aldnaasunazievedluunamniy Taedinmsdiuvnaimun

221¥ Feature Projection il8% Feature density equalization lumsdSuvinavesaman xSy MxN Tag

=1

4 a w Y o~ S Y a ' an 24
Aoufz s USUIUINYInN NI ABIlNT YU IAUBINTBUNTANUTINTS (IxD) nvu WAINAL e

¥ L) - é 3 -
Froge vuge ¥vge uazangavesnmiila (5] Taelifiemensmidegy 3.16 ez ldnseunmiiuiess

2

Adwmmids (@ege, vuge) Bedumds (@nge, drege) fegil 3.17

e Fruun Eruu Fruan

U 3.16 uaaviirmms minseun iR wazduninsaun Ia

¥
. NTBUVBINTWNRINTH
(Hrge,uuge)
A Y oa
ATOUNAMNLNTTS /

(NN, 319gA)

511 3.17 uameiemumsmnseun mauieswmedmInso i I

ﬂé’{qmmfuﬁfu:ﬁ"nmsﬂ%”uwwmmmwﬁmﬁuniamﬂumwiwﬂ (MxN) leeudaz It eazidon
Fae'lalil
msUSuvinauuLiFady (Linear Shape Normalization) 3‘ﬁmsﬁyﬂ1wwﬁamiﬂ§’mmmz§ua;Jﬁusummlm
input image Ty "lﬂa‘:iuagiﬁuﬁﬂumwm input image c'fﬁi]z‘wuimmwﬁamsﬂi”mmmzﬁgﬂ%mﬂuﬁﬂ

AU lReaTINUATHIAY



24

a d o
Feature projection functions TiI510Uazidmadludsaums (3.3) uaz (3.4) au

H@iy=1 (3.3)
V(i) =1 3.4)
Tagi=12,..] uag j=12,...J
Feature density equalization 111014 H(i) 482 V() ¥e1 input image vzwuidumveganinlnainds

MyUSuvina (m, n) ¥ INENATS

m=" Hk)x = (3.5)
k=1 Zi:; H(k)
i M
m=, HE) =5 (3.6)
> H
Tagi=12,.1; j=12.0F #8% m=12,..M; n=12,...N
Fuileunuaunisfi 3.5) dawaunisf (3.3) uazaun1sh (6.6) & (3.4) 114
M ;
=Y & & i
m 7 (3.7
/ 4’ 3.8
A= jix = X
J 7 (3.8)

3
amsdTuviauuulsidady (Non-Linear Shape Normalization) 35misfinmnannisdivvinauenainag

¢

£ ¥ o/ Ay 1 o/ ° . . & 1 o o ~ 1 3 oy o
Jueguinadeiusgiudmaugadily input image FvvznUBAMHaIMUSDUAe izl idluda
2 o - =4 € oy dy
dauTagasefunwdy e19esliyUsedadionld
3 ¥
Feature projection functions IUIURTIUMAZIUAALIZHT IaT1aIaugan s lunuiy feay

115 (3.9) Uaz (3.10) WA WL

H) = Z f(z H+ay (3.9)
viy=>. fG)+e (3.10)

Tavi=1.2,..0 uag j=12,...]
uag fGj) fauihi 1iege (7, 7) dugedr uaz o edlugaun
Feature density equalization o ld H() ag V() ¥4 input image %wuiwﬁmwﬂwﬂmwiﬂﬁﬂﬁq

mslSunine (mn) mldnnaums

m=y. H(k)x

3.1

Z H(k)
m= 2, H(k)x

(3.12)

ST k) H<k>

Tagi=12,..01; j=12,...J; u8z m=12,...M; n=12,...N



HanMInATeLNAz N ITYNG

25

Fadu

higadu

L‘Qlf\‘lif%’u hllil”?ilﬁlu

Wiy

TiFudu

Fudu

Thidudu

L‘Tf\ilt%}u hiFadu

Fadu

Tidadu




26

< 1 o oo oA -
#vsannawansnageyugy 3.18 inududazdiliganugadesdiudd

o @ a9 ta gy
wandamiliuvine iy Tidadu
2 o 1 o a 1 g @ 1 o
L vuauazglin dadaufugihdn | lddludadaudy

PRIl

P o o A o oda v & EY ' - '

2. anumilouvesdisnusfmidui@eunnudasau | milowdeend milsuninnd
2. auRdgRefdnys Jadiuih) 2421 29.85

13 o ‘:' ¥ ¥ e - A=) =)

3. nudedygnusuniui hiegaadanmaadnys haifiay Aun

] : o 4 & ) '

4. anwgndeuite 1d Insehedssamdonlunsih AT ATEDTH e ey

fMovfuneud il uvue

A a s 3 o = a g Y @ W 4 w =2
WeWsnmalFuvunaniae T lenINTLULIBuT Iz T U mddnysind1ends
a 3 kY E i =N -4 P ad @

msnwRuNnnd saglana lunmslsziaduniuanties minuddeassvesisinas Tunsalfinmenus

Hdyausuniu wulunsdidedisdnys 4 lugili 3.18 amdenusfienunee liFaveundudanae
v 1] ¥ v

uazdadiuvssnmauuunuueuuasunududden ledann duiummintinldtuszuuiuuy

= =t Y ¥ 3 k' Yo 1 97 ar =2 v ] a

nlSeudlonyadeyaudazyn lneaswdr Augnassvesssuuises lugndeain 3lddeaglnnsdiy
1o Y =5 by 1 met A o = o =4 o

ynavesnuuy liFaduszide lMulSeundd5Fudy Tuamminmasnysiidygasuniuuenain

g oY= T oy Y o Py Y o o @ = 18w Yt s S ]
umﬁ"lmmmummmmm:%ﬂminnmwmmaﬂyimmmma"lmmfmimmmm’;‘waq ﬂuulﬂ 1S

T8 A UaS ¥

& g9 a & 4 4 . - 2 W&y )4 4y o v 4 Y o
LW6‘11"lﬂﬂﬂ'ﬂnl‘ul%ENmu’f‘ﬂ]i'}faﬂi-ﬂzﬁﬂaﬂ'}‘ﬂﬂa1'3ﬂ1unﬂ’31ngﬂﬂ@q ﬂﬂ%ﬂ‘ﬂ’]ﬂ’]iﬂﬂﬁﬂmﬂ'ﬂ

o4 g & : . s _ -
sruviideadniulaeldinseiedszamfion Qudnyuemsiuadie Pattern Matching) tazwad 14

T
=t

wun15 199515 v liFaduldsasinissinanainms [asdsusnadadua i ldaevuie 13

L

ar g adda 1 o Yo Yo édg ' o Qs
HUuine: ﬂ’ﬁﬂi‘ﬂﬂlu?ﬂﬂﬂﬁﬂﬂ’lﬁﬂﬂﬁ’luﬂﬂﬂ?Jﬁi'lﬂ"l‘igi]'ﬁ’lﬂ‘llﬂﬂ'ﬂﬂWJ"hJUﬂ'li‘lji‘U“Uu']ﬂmU

3.4 DITHYUMN (Rotation)

Y o ar =/ [ 3K} a’)’ s o
AAYUMAN fAp TDTAIsnUnMYesaenE s Tasmsuyunmiivee livhdwune
= 3.1 < g o B o o { o
younmuldeu llusediela nsvyuamilyse Tesidmiuldlunsudilynive snmdsnys Ansdamau
= é -y =y =y 3 =) A’ ﬂ' <5
ldanuunind Fewezifavinnginssumsilouvedisnasyana ieillsununnsinnseayideslu
sgndumsaunudeoyanmn  msnyudssveimwenazdwansznudelssiniamnsiswesssuy A

waaglugal3.19

P ° o Yo Py ' ~ v o '
asfiezthmsnyunlilszgnaduszouisusesdeansuanpfinmdasnysuyullivinls
@ & o v Y o o a & v w o o s &
wasnmuivyuamndudioyariniu degyl 3.20 Aavudinmdadnusmyulidlugw o funuade de

3 A =y o 4 - e )
niwdapfenyu llforditnsneadamaadiug i lunsniidavesnmmdsihnengy xy)
v ¥

Tagezvun ldnnfidady xy) tazyuiides londuunde dgy 321 wageoaums (3-13) uag G-

14)



27

x'=r-sina (3-13)
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4. MIMANBAUZNNIZAVINIANUUANAIIVLININAIONYST (Distinctive Feature Extraction)
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ABSTRACT

This paper was proposed to used modify Stroke
Changing Sequence (SCS) and distinctive feature fo
recognize Thai handwritten character. From character
head center, Stroke Changing Sequence will be drawn
both horizontal and vertical to detect stroke changing.
The experimental results are 92% of recognition rate, 4%
of both error and undecision. The processing speed is
about 5.8 character per second.

I.  Introduction

There were several researches of Thai hand
written recognition [[1],[2],[3]}]. Airphaboon,S.,
Sangworasil,M.[1] proposed technique by considering
the head of character. Tanprasert,C. ,and Tanprasert,T.
[2] used simulated light sensitive model technique for
Thai digit recognition and by same technique by
Oliver,V., Wangsuya,S. and Coomans,D. [3] but for Thai
hand written characters. The Thai hand written
recognition system that proposed by Tanprasert,C. and
Tanprasert,T. [2] in Thai digit and Oliver, Wangsuya,S:
[3] in Thai consonant aim to used light sensitive for filter
a feature in each direction that design for Thai
characters. The features in character are very important
on decisions in recognition system.

Phanit,W. [4] had shown that distinctive feature
analysis technique was very efficient method to classify
and separated Thai characters into groups. However,
Gwo-En,and Jhing-Fa Wang [[51,[6]] had propose to
used stroke changing sequence (SCS) technique fto

encode handwritten numeral character for recognition
which is a very simple and fast technique that gave an
excellent result.

However, unfortunately, the SCS was executed in
horizontal line proposed by Gwo-En, and Jhing-Fa Wang
[[SL{6]] not suitable to Thai handwritten character
recognition at all. This was mainly due to the code
obtained from horizontal SCS for a Thai character might
be same as one obtained for another Thai characters. So,
we had modified this technique by adding vertical SCS
in accordance with horizontal SCS.

I1. Distinctive Feature in Thai Characters

Thai characters compose of 44 characters which
can classify into several feature such as number of heads,
roof of character etc. By using distinctive feature
analysis to distinguish  a  character from another,
Phanit,W. {4] had shown that the good result could be
obtained for Thai printed characters. But, for Thai hand
written character, this technique had the limitation
because each character may very from one writer to
another in size, shape and writing style.

Airphaboon,S. "and  Sangworasil, M. [1] had
proposed to use number of head to classify Thai hand
written character in groups as shown in Table 1.

Number of heads Members Total

No Head n g 2

1 Head 4.9,9,9.99,9.97,0,0,0, 27
NUUNHWANET87,
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o8,
2 Head 9,9, 801,04, 00,00, 34,4,3, 14
A g
3 Head 3 1
Grand total 44
Table 1 Classification Thai consonant by used number

of head.

The SCS is one of the fastest technique and gives
suitable features, which was proposed and experimental
by Gwo-En and Jhing-Fa Wang[{5],[6]], that:

“The crossing method algorithm was selected
because it required little computational overhead in
extracting the required features from the data. The
crossing number is calculated from the number of dark
blocks of pixels that may be found in a particular line of
data. For instance, if the data line being checked
contains a single line of dark pixels, then the crossing
ntimber will be set to one. The crossing method, starting
Jrom the top left corner, searches for the crossing
number for each line of the character horizontally. A
crossing number sequence is defined as sequence.”

For example, a SCS of this handwritten Thai

consonant character “n” is 121,shown in Fig. 1.

1P1L1136G0000C0 1)
11110000000000001131)
11300090000000001 1)
1000005111131 1106060111 2
1900084811113 113003011 3
1100000011381 300018 2
111ICG00CGLIEEL121000LY 2
1§11008F1182011300081 2
11100001113 3111100011 2
1310003113 3011 1001) 2
1PIQOOELITELEILEIOOLL 2
11G6021111E310131001) 2
1100025113381 18040) 2
1100012111331 LQ4a1L 2
11000331113 8111100011 2
11@O023E1)3E2215800831 2
TIGCOITILI3TITXCOUIL 2
1100025111828 130380) 8
11B00EEIITEEEILRLLILT 1
Horizontal SCS 121
Fig 1 Thai consonant character “n” has horizontal
SCs

HI. Problem in Stroke Changing Sequence (SCS)

Stoke changing sequence codes are obtained from
examination of the changing of pixels value in each
stroke line. The result from each stroke is then arranged
to obtain the sequence order.

A) Problems associated in the implementation of
horizontal SCS (HSCS) following by Gwo-En and
Jhing-Fa Wang[{5],[6]].

There are 44 consonants in Thai language and
horizontal stroke changing technique will give the same
coded sequence for some of Thai Characters, for

example, the character “0” and “n.”, see in Fig 2. Due to

this ‘reason, the vertical changing sequence was also
applied to assist the analysis but there may be
disturbance at along with the boundary of character.

124321 21

1 23121

(a) ®) ©
Fig. 2 HSCS and VSCS in Thai character

(a) “1)” have HSCS = 12321  VSCS = 123121
(b) “n” have HSCS = 12321  VSCS = 1232121
(b) “a” have HSCS = 12321 VSCS = 12432121

B) First modification of SCS by vertical SCS (VSCS)
Due to the problem associated with horizontal
SCS, thus, vertical stroke was applied to enhance the
capacity of group classification but problem persisted for
the varying written characters, see VSCS in Fig. 2. Using
both HSCS and VSCS, it gave several codes for some
characters and some codes had long code sequence,
which will produce many template sequences. For

example, the character “7” stroke sequence is very

sensitive to writing characteristic. Small changes in
writing may resuit in different codes for the SCS.

As discussion above, the problem in the VSCS is
represented in the Fig. 3.
The problem
e  From the changing of shape.
s  Fromthe disturbance of the character boundary.

(a) (b) (©)
VSCS: 12321 123212 123212
Fig. 3. Vertical SCS problems
(a) Normal character (b) Problem in style written
(c) Problem in noise at edge of image
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IV. Modified Stroke Changing Sequence

In order to improve the disadvantages obtained by
both distinctive feature and HSCS and VSCS, both
HSCS and VSCS will be considered respectively to
character head center. We will take SCS: both horizontal
and vertical to the character heads center.

To obtain stroke changing code, both horizontal
and vertical lines will be drawn from each head center in
left and right direction for horizontal line and up and
down direction for vertical line as shown on Fig. 4.

(@ ®) (©) (d)
Fig. 4 SCS from center of head in Thai character
(a) Case have not head (b) Case have one head

Fig. 5 shows modified SCS from head center of
all 44 Thai consonant characters.

The advantage of using modified SCS.is that. it is”
not necessary to scan several stroke lines as proposed by
Gwo-En and Jhing-Fa Wang{{5],(6]] to obtain stroke
changing code. But, only 4 stroke lines from éach
character head will be obtained.

V. Experimental results

The Thai handwritten recoguition’systerit based
on modified SCS and number of head was developed
using Visual C ++ on Windows 95. The system used was
rnun on Pentium 133 MHz Personal Computer with 56
Mbyte Memory. Input data was acquired from tablet
pen base and stored in standard binary image.
y Thai consonant characters with 5. characters for
each pattern were analyzed to set the modified SCS
¢odes. Then, testing characters was taken from 28
persons and wrote 5 times for each character, 6160
characters in total

(c) Case have two heads {d) Case have three heads 3CS Group of % right
Table 2 shows modified SCS code, (left, up, right, characters group
down) respectively, for Thai character in each case by 2222) o n &
considering number of head. . '
2.22,1} @, f, @ 97
(11.3,1) W, A 2
SCS at center of character -
Case | Character | I’st head | 2’nd head 3’rd head (1.1.2.2) WA %
0 head n (1121 1,131) @, o 86
1 head 9 (2.22,1) 1,1,2,1) %4, % 1 88
2 head W (1,331) 1,211 Table 4 Results in character that give same SCS.
8 head a (1313) (1321) 2312) From table 4, in the case of modified SCS that
Table 2 The code of modified SCS in each case of  produced same code, the percentage group of characters
character head. ‘

However, if this technique was only used to
classify Thai character, it will give a same SCS code for
some different characters, as shown in Table 3.

SCS Group of characters
(2222) A, @
(2221) ), 9,
(1,1,3.1) W
(1122 wHl
(1,1,3,1) 9,9
(1,129 % U

Table 3 The members character that give same SCS

“q.9” and “9,%9,1,1” is lower that others. In this case; the
characters may have 2 possible actions; one head and
two heads. By considering number of head, character “4,

%,%,%” should have one head but some people write style
may caused, two heads; as shown in Fig. 6. Hence, the
character “9,9,%,%” will be considered in both actions.

V1. Conclusion

By using modified SCS with another distinctive
feature, each Thai handwritten character can: be
classified into each group with the result are 92%
recognition rate, 4% error and 4% undecision. The
processing speed is about 5.8 characters per second:
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0 Head

i

2 Head : ( 1'st head loop)

1 Head

2 Head : { 2'nd head loop)

! b ; 1
B TR 0 AT O
T Y b 14—?}-}2[ >3 i 4 1

1

3 Head

3 2 4

A 4
. BURL .~ ad

v hé

2
I'sthead 2ndhead 3'd head
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Fig. 5 Modified SCS from head center of Thai
consonarnt characters.

(a) (b)
Fig. 6 The problem in number of heads (a) Normal (b)
Have 2 loops of head
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