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ABSTRACT

The printed Thai characters recognition system that implemented using Fuzzy and Rough
sets is proposed. Both Fuzzy and Rough sets have been introduced as tools to deal with vagueness
and uncertain data in artificial intelligence applications. For the recognition system, we use Fuzzy
and Rough to create a rule-based for classify the characters. The recognition process consists of
four stages. First, we find the features of printed Thai characters to create the data for the next
stage. Second, discrete continuous data to subintervals. Third, reduce the redundant input
attributes of data and all the while minimizing information loss for the recognition system.
Finally, recognize the printed Thai characters. From the testing results, the average of the

recognition rate is 96.34% accuracy. &
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o ) ] 1 ad | = U 1 = <
dmsumsuiangu laeds#led sannsodoud u 18Ind vinaunsh 2.21 iy
3 1 v [1
1 hwes u mwsovzdiceglunsaosnguld Fumnarefumves u Tuaumsii 2.17 a0z
P 1 " 1 =& 1 3 Y g 1 a ﬂ - = =} 1 1
imeglungulanguuiiainiu uaaliiuissvuiduilsdedanudandunaniszu

Al

[0.9 0.2 0.9}
£ (2.21)

~10.1 0.8 0.1

r

ane39u FCM : Fuzzy c-Means Algorithm

i'?uﬁ 1: fmuadaungu ¢ 2 < ¢ < n) wasmmsimes m auud exponential weight (1
< m < ©0) Amuasuuaindizudy U® uaza € Sudusanainfivenn1d Tavuduns
usounsmiiv o

it 2: Anaagudnanvewsazngy v, [i =1, 2,..., ¢} Tavefosm U° wazaumsi

2.22 Faynnguiumssuinuuyilesd

1
Vi= ———
PINCHE

2;1:1 (uij)mxjf i=12,.c (2.22)

¥
at

uh 3: Annamsnuiusndavesth v Fullum U Tumsuseudaly Tasldya

o
FUINEN {v, [i=1,2,..., c} wazaunsi 2.23

- (1/“"1 - "i”z)%H
P 4/, —vi [y

=1 sy 0] 21,2 uney M (2.23)
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Partition Entropy

n C
H{U, €)= 2 > |y Inuy (2.24)
N et =
Partition coefficient
1 & n
FU ==Y Yu} (2.25)
Nia =

vnaiuialuaumsi 2.24 uas 2.25 sl M H=0uas F=1 81 u, € {0,1}
(M3utangudoyalagds Hard) A1 H=1Inc 1as F = 1/c 81 u, = /e MV i 1o j Wanua 1u
fio 0 SH<Incuaz 1o <F< 1 9eiiu'l&$ H uaz F {uegiulu cn Hanua msisziiugu
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a 1 l [ . aa 1
Toyadvzuaategluglvosmsedeya lundaznodnide UeANTUI, UAAZUNIAD objects

A 2 1 aa . P a i v
uazmneyluasnne Auean3da (attribute-values) Tup1s1afi 3.1 HAAIAIDINUBINT NVDYA

M13199 3.1 Medavesmsndoya

auld a1 taanduiile gunQll 1dn¥alng
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p2 Tof Taile a4 1oy

p3 1o Tof Faun 1o

p4 Tailsf 1o Un@ Tai e

ps 19 Tailof o Tail%

pé Ty 19 qaun 1o
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ADANUVDIAITNAD UDANTUABINT) BazUNIND objects (A1) Taoa1luasranavuads a1
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nAMINdA 3.1 deRvsanneeimathnt sz ldhagle p2, p3 uaz p5 (iu-
indiscernible 114, {ioM915019 1015 IANENiTD uaz'ldnialng) vziiu'ldanld p3 uas pe
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a 1 o a kY g =) c:'
T1W1307R12H 14 Taserdomenvedseinsani, 1handuile was guunll mazaiu p2
ez ps 1Wunsdl boundary-line #a limmnsodwunlddroueaniiaveadoyaiiil dauau'ld pi,
p3 a p6 tiedunaemsmariiudransolumsszy Idiniveuiuiiu ldnialny uazanld p2
waz ps liemnsaszyldduiuldnialng wazauld pa Lidulinialvaetranien e
ar = [ : . . = v 3w 1y
MINAINDINTNLAAY AU lower approximation ﬂmqwmmﬂu"lwﬁlu"lwm‘lmyﬂa{ pl, p3,

- s [ ;d = . = 3
p6} LA upper approximation YBAFAUAD { pl, p2, p3, p5, p6} launsal boundary-line Aoauld p2
waz ps udnyazi@odduanld p4 Tiladuldnsalng) wazan'ls p2, ps Tannsavenld

4 3
Lf]u”l%’wi'ﬂ'lmg AU lower approximation Y94 concept fifoidn {p4} @I upper approximation
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iFavosnn i ialng

3.2 MINANIINVDI Approximations

Amualiil 2 iBadrvauaz liiduidaiuie U uaz A, Tao U Aeenanduing uas A Socia
VOBANTII UeANTII a € A rEmNsIMIAMEANIEI Vv, Bondt “Tammves o duide B
109 409 A 111 binary relation I(B) U U 35601 “indiscernibility relation” 9z deaiiu'lala

A o
Qouludsil
xI(B)y NeLile a(x) = a(y) #1M5uNN a € A, Tav a(x) ApMUOANTT 2 Y09 clement x

3 1
I(B) fi® equivalence relation, ﬂ’cjmJEN equivalence classes NIHUAVDY I(B) Failums IANHU
Taverfiuduidn B aunsodon 18l uie) wieiouluglediode B/B d M3 equivalence

class U84 I(B) ADNguueansuia U/B weiiaundn x Faansluzilues Bx)

$ (x, y) dudmnilaves 18) 15108171891 x uaz y 1y B-indiscemible {1 151500

o d

equivalence classes Y8IATWANWUT I(B) (MT0NGUUBINISULY U/B) 11 “B-elementary sets”

L

fnuasduiumsvouda lasail

B.X)={x€ U:Bx)CX}
B (X)={x€ U:BRNXED)



23

Amualinnduida X Twennwdwims U UsznovlUfroda B, (0 uaz B' 0 Bonir “B-

upper” l1a¢ “B-lower approximation ¥84 X” MUR AU LaZITA boundary region U943 X Ao
BN,(X) =B’ (X) - B. (X)

1039 boundary vee X iuidndng dufle &1 BN, (X) = @ ududa x 1fu crisp 1auofiy
duidn B lumanduiu $1051a boundary ves X liihudadng uile &1 BN,(X) # & ududn
X i rough Tawedoduisa B

o T oW = Q( [~ dd'
N IaMUIMMFNUsEaNTvees1WiEa 1naunIsh 3.1

B0
g (X) = B*(X)| (3.1)

159N AlszaneiveanugNABa(accuracy of approximation) 1ny | X | AT IMIUTINTAVRY X
Alszinavesnugndsalimagszndne 0 8 1.0 < 04,x) < 1) §1 04%) = 1 18 X 1T crisp
iipendedudn B (X Innugndeadiofinisanninduida B) waxdh 04,x) < 1 18 X 14 rough
A a o o = A A A v o
eWITANNIAFUIdA B (X Hanunquinseiiofinsanainduida B)

VINAIDENMITNA 3.1 lof9TAN concept “IdnTalnaf” Uszneudavaindn {p1, p2, p3,

1Y
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b
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Y a ' 4 A o v A& a A& a =
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waz W € [0, 11 wannsmbmidduanuiuansnvessigamitaniy

. W <
approximations LSV VIUNUDAUTA 1@
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De

T ar

3.4 MIVUADNHUVBIBANIT

[ o
2L A o a = - 1 w "

A a aan " o 1 o
dwilaiiddglumsliassideyafe msTudedusenieansing g wwdinlduda

“u
Ll r

vowean3ia D Jusdiuinveaenniiin ¢ wnua aunsodouldiy ¢ = b Woudash
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“q wi {qunglly = (ldvialua} mehnamgiudazmamnsaihlyiingzing

3 W L | =Y L] ' 2]
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3.5.3 Discernibility Matrix
Discernibility Matrix funsnafufaz element YDUUATAFLAAINIINUANA T UVDS 2
objects Tuas1doya mazaniumsIARINIIARAITLYDY object fingauazngulugives
Discernibility matrix mifsansom Core ]lﬁﬁzﬂ'.lﬂ‘ﬁu édﬁﬂm Discernibility matrix U84
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=
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31U 5.10 msudeiuAveanwilu 9 uSaumiu

5.1.6 MIMANHULIAUNILNISINI5HAgNID (Chain code)
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1 s L] d‘ Y=Y dl » Ci
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1. @ﬂmwi’fmﬁﬂmumm 400N (4-Connectivity)
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X6 X7 | X8 X6 | X7| X8
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