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This research presents-the._significant. Characteristics used to extract Thai
characters and shows the.most accurate values after the “extraction. This research
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2.4 ygefiinganuinilesdoys

2.4.1 msimilestaya (Data-Mining)

willestoya [8] Ao yavewiuas (software) Ainswideyaitlsignesnuuusniile
szuvaivayunisindulevedld suduservinffauysaifuiesnsdum msvhseany
wazlusunsulunisdnnis Fusrduinediudnit ssuvasaumaiiofuivig (Executive
information System : EIS) 3aszuudayadmiumssndulalunisuins Fuduiniediedu
Imiftansadumdeyalugudoyarualvgviedeyaiiiuselenilumsuims dadums
diunaurlifugrudeyaiidoy

]
ai

swyvaluayunsindula (Decision Support System) fleszuufigaevinlvdeya
wilegnmenduninuiduilald warannsaaireineuveseuanldnanmil 2.8
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e e

JU# 2.8 JULvwresTsuUatuayunsinduls

Uagtussuvatvayudeyalunisdndulaliiduniisvinalunssivnudeyauay
Uiurdoyalundiiud Ssgmdeyanunelngdasussnauludredeyaituiy q sluf e
uAmsAumldednaiumadieitssuunmsdnnisgudoya (Database Management System

: DBMS) Imaml‘df*uauamL‘Uu‘mau%ma@NUwnsssnmuummsmuﬂumlm'\wuum GADE
Lﬂuﬂidwuamqm’lumsﬂummayjammaamiLwammmaum&muaz@um‘[uu uaztdoyai
Fuduvesuendinduliduimsinanlaldoisiunia

Aeqaustasduaiiniaedoya fazirsgludaanaianisianisdoys 34l
negumadaUiiuazdeyaaiuayuitionafoundsluie30 U dsowmafiaierfuiis
aunanldfunideyaddafizunivtogasurlustosaililiudansduimi visnudonin
mMsduAunamFuLgIUdeya (Knowledge /Discoveryin ‘Database : KDD) %3o n1sdum -
Joyaremnud tasiuffemitadeye

4

P a

-~ : i v ) P v a wa 9
Philippe Nieuwbourg nd13l¥1 “indiesdoya A nadaidldandisaufiinnnsls
e U W bl o 18/ @ < a 1 Vo da
lnednludh AU-doyaiiliian Falumsitunmenbitytoya i’
nnUszleatwsiiidney 3 dfididn dausnfe “Sululfi” Ao nssusunisvieu
&y = 2 v o 01 v 0 Y o ) da I
wosinilosdeyatsasiTuginnuies lulegldnszurunaselalimmeuiutymndusazdu
gudnansvesdaya Milaes “Soraflissn” Lﬂsaaualumsﬂum‘lwmmmuawaua mﬁlviu
ﬂumLmﬁuauamLLaﬂJauawﬂ%ﬁau“lmmuu negAuM doyalvaigdae Mazaaving “u

AouAN” ﬂ’uwmamcﬂ‘h’ﬂulmLﬂumeLmuﬂamm umidulatssesudusuisaeanle

‘U
L

(1) Foyavnanlnal 1huniresfarsannmdimius ideustludeyalddeniudl
vielngmsldsvuumsinnasgiudegalunsdans
(2) Foyaiinanvanginas lagomesrusinanainvanessuuUjuAns vievany
DBMS tu Oracle, DB2, MS SQL, MS Access t{usu
v d 1=l e‘ 1 -s' o rn' .. ]
(3) maua‘vﬂwumsmaauuﬂaamaamwnmwmmﬂuuua (Mining) windeyavilet

LU

Qe

o

utﬂu%’auamﬂaauuﬂaamaaﬂLaawumaumi‘]mmunau Imawmmwamauuhuaum
g auamuwnlammluuummLuadmﬂmauauuuﬂnsmaauwaqasmaamnm Javinlod

Y
'

waé’wawlmmnmsmiuuuaammmauwalumqnmwuamwuu Fafuiila il duadnsilanny
gnifeumzauegasanandsasiliiidminnadilutinaivnza

(4) Foyanflassatredudou 1wu Foyagunm Joyatandiie Yoyamarianunsn
VPl luuuqlmwunuummaﬂmmﬂuﬂnﬁmmuaa‘uaua‘uuaa

B g
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2.4.2 msduunuszinndeya (Data Classification)
mssuunUsziandeya (5] Ao nsvuaumsaslueadiuundssiandeya (Data
4 W d o 1 v 1 £ 1 U 1 U
Classification Model) iiaviunsnguuastoyalyal (Unseen Data) #29819989nG LU NGX
v a4 o 71 a ! a a ] a a v
ypgnAngeiulitensuiames nquuegnANgIUEAUILNALENGUTDINTINERTUAIHIY
' S0 i o i v o ' a v Y v
wneusi-ladsuineuet lufitidinnguasiSenitranavesteya daluuday AanamsINUTUITADY
v o a = 1% = o v a a1 o
fidoyaifimuniiouniendendsiusnnnindeyaneglupaiansiemu
nsafslanaduuntsziandeya sufinunnainmsmanuduiusvesdeyaly
srudeyavunnlvg lnedeyavimunazdinmsuvsesnitu 2 nqu fie yadeyarln (Training Set)
v a ° &
\ugedeyaiitiunumlumsaddlunadiuundssinndeyaiiuin wasiiyadoyanaaou (Test
Set) Wugedayausziliumnugnsissadlinadiuunussinndeya
agldarunanggau laddrezidunis
& = v o d ¥ [ [
fedladeinentes binasilunis

< v °
Uil 29 nszuaumsadilunadiuunussiandeya

NSEUIUNNSVRIUARYTURDUIRL
1) Model Construction (Learning) \Judumeunsasrslumasiuunlszinnlag

e efensGouiaindeyaiildimienaraliieuiosuds, vi thfjm Hoyaiiuni (raining

v
(%

lidnsdilagiiadu dnviavnuiilvdnulasiient wagfasdadadadvesenarsynasaniinisualuly
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Data) %a‘lmﬂaﬁhLLumJismwﬁléf%LLamﬁwf‘a%msﬁugmmNmﬁaﬁauﬂa (Data  Mining)
gndragray auliisndula (Decision Tree) luinasiuunuszinniildasidnwusadresuls
ﬂ%qﬂé’uﬁ’aﬁﬁiwummaejéfmuuamLLavamiuasJ'ﬁNamaqﬁulﬁ usazinunuunuldayil
Audnue  (attribute) IWududenveasy GuwuumsmLiJummUulUImammaﬂwmu
(attribute value) mmaanmaaubLLaquMuﬂlumeﬂmammwumh

2) Model Evaluation (Accuracy) Lﬂumumaumwaaummgﬂﬁm Tngodedoyadl
linaasuiSenindeyavnaou (Testing data) GTfana'm?'iLLﬁﬂ?qmaﬁamaﬁ’L‘B’maaw 2gniIun
WisuiflsuAunguiinanidainTunasiuunussian LwamaamﬂumamLLunUs“mwu
ansadnnguussinndeyalaegagndesnndesifisals waziinsuiudsalumaduun
Uszianaundragldmanugniesussiuiisonsuld

3) Model Usage (Classification) tfusumeunasilunasuunussinmiladadun
fudeyaiiliinerfiusnouUnseen date) Wievhuneliagrmanauliiudeyadu

2.4.3 duluaaaula (decision tree)

2.4.3.1/ prsasasaulsl

suldfindula(decision  trealé] An suldiildaduauunisindule fdnuamndy
Tassafuedrofiudulinduhnisinsgfuvuaslusgsiuan Tnainaelusulfesuss-neu
welvun (node) %ﬂLLﬁias‘[wumfm3LLamﬁqmsmaaw%amsﬁ’ﬂﬁukluuﬁ’m‘gamammamﬂ’a
visauennsheng 9 Rstesiuliidninuasaswsilaa nmsmaaey LLﬁU’lUs'ﬁaLfJu?iaﬁasi
vugpvesuliiFendalnuasin (oot node) Auuanddasvadnivssdiliifnduladegy 2.10 &
wansdorlildlunsinaulasadysenludunedminso s (Quintan, 11986) Iﬂawmsmmn
amwmmﬂmqqumaumsmaulm Tneluniuanstustassuansdenavageueniidulule
maauawsmmuqLLaﬂmLam”lusﬂamaau e sI1-tunndumesdeya Fudunadng
vosnsvhuedgasnliiaunead (P) nisldoenluian (N) :anmmvedeuniudunisues
suldidndula

Tunsduundoyaiilasudasmlni Arvsswenv3Idadsin esayaatuazgn
nagouseiuliifnduls losadisusunismaaeussusliunsniueudcly Tnefiluazuansd
nguvesmsyiuneteyati
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sunny

overcast rainy
Ijigh normal true false
L8] P L~ P

= Y WY a 4 v a ‘ I3
sUn 2.10 suldnaulanldlunisdadulaniseaniuidunesy

Tnendnntsfugrurssnisadisuliivadule sadunmsasdudnunzannuuaseis
(top-down) #ie/ 9&i3uannasadrineesiuliiewdaumnicllauidy Tneasuansdunay
msadrsrulsiaaulaldsd (Han and Kamber, 2001)

1) fulifsuduloailnunislminidendnsdadagstin (ainig set

2) thimamuasglundudientuuds e duluieefadonduastoyaiiy

3) MlulvuniideyavatengyUsunag asasiaanini (sain) Yeusiasiannidng

1

o 4 v v A ( aa ¢ da '
LW@WQSI%UUHUﬁu#ﬂuﬂqiﬂﬁna@ﬂH@WW§U3m WNﬂQWNﬂWN75QIUﬂ73HUQ%Uﬂwaﬂa

Y
[ %

& Pw ! vl ol aa sda < a v
gonunqua 197 lsanan lngwenniiaandatnuiinngnazgriaentidudm
vaaeuuennsduinltlunisiniula Tnewdaslugyuasluunuusuls

4) ivvesmulifasgnas dusndaaaes Adulduesivuaneaey wasdoyassgn
: a 4 v X
WUNBRNAILANE ) AT
o 5 aa  dodan < oo < 1
5) ¥N15aug ENeraLenyRUIRNlA MU dvsudeyangniusienasninly
J a ° aa  ed 1% <) v o 1 P aa ed
uwiaghaigsr ez ardunasululvundaduladely Inefnenniddngn
< [ & 1 4 < o [ @ 1
denundulvuatdaszligaidenudndmsulnusluseiusen
6) vmsautdniieuUideyatasuannewesiuldliisos alasn1saudiezdugan
s 8 I B a2 a
sewllaauludelatenisaluiliiuass
a. tdayannaalulvuniusglungudeniu Wafdumunguvesdeyalu
b. flsiwmdsuennidadladmivldlunisudsdeyauds dalunsaiilasldnquid
Poyaatuauunniigaiuly
Y Y ey ) o o & & v vy 1 oday @
c. dbifideyaaiuayudwivisiugudy Wahsluanunguindveyaatuayuuin
<
an
] Y v WYy a 9 aa Y axg dad o o
Tuduneunisasisiuldinduls Sanetiiu C4.5 \Wudaneiiuniivoidsauasidud
o/ W [} ) o . PR ! % a et o 14
niueghaunsvaty Waiuilag Quinlan (1993) fildiunseunaindanedviy 103 Mwild
o . ad o 9 | { aa | ) L. o
Waun (Quinlan, 1986) WuisnsSauiannguiegsnisendt yadeyatn (training set)

v ada LY 1o 2/ v v a
9fAsnsiannanyeaivsuliiadula

[N

calte
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YadeyarnaeiidnuuzasadudayaluuidoyaBsduitus (relational database)
uanslugUvesmaeiiuseneusg unuanstoyaviosiogns wasnedutuansonyitaiues
Yoy Fauvsoanifiu 2 via fe
1) wevvdosidugasjsvane (goal attribute) vaamssuunngudaya Hukony
Sodiitmundedaiy q gndnegiundulvu Tnsasiifiesuonm3tadifen
Tuwsiasyndoya uazdeyaosfurindonnuindy

2) wenvsDadusenaun1svinune (predicting attribute) Wuuenvidhaivsvend
Auanliisne 9 vsisgrunariiedns lnswiazwenyidadenadidoyadu
¥iindennuviafaauile

A5 2.2 Hushehsyadoyafindldussnounsdndulasenluidunadl Tay
fRsanInanImenIERne Usenaunasiedula-Quinlan, 1986) Weanaiadusuldl
dndulaanunsouanslasaadneasuliflicg 2,10 Tnsgadeyafiniusznaudeuenyidad
aana 1uuennstadidugayeuaas Sarfidululdde P udaNwevmIdadoutlook,
temperature, hurpidity uag windy (Hunannsindssnaunisvinnevesyadeya

UseanE e srildiFaaulaldlde inisadreduliFadule islignansodnngu
yndoyaiinlFagigndoaviiy wifesamnsedanaideyaanieedlud g fiuenivilonnys

q Y
14

v v e Y I = = v < 3/
ToyarinineggasidsiumsaiisiuliidhduladsmsesiivedeyanaaeUitest set) Mayldy
asIvEeUANNgRRoaUllFndulanaY

aan9dl 2.2 yadeyaiindiliussneumssinalamuned

D Attributes Class
Outlook = Temperature Humidity Windy
1 shany hot bigh false N
2 sunny hot high true N
3 overcast hot | high false P
4 rainy mild high false P
5 rainy coel normal false P
6 rainy cool normal true N
7 overcast cool normal true P
8 sunny mild high false N
9 sunay cool normat false P
10 ~ rainy mild normat false P
11 sunny mild normal true P
12 overcast mild high true P
13 overcast hot normal false P
14 rainy mild high true N
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2.43.2 mfndenuanniiadiesuunnduuastaya

Tunsa$refulifdingula Jymddniisesiarsanie asesinduladonuenni-
TlasvimihAdulnunsin Tuudasduneuvesnisadaduliinazdulitos (sub tree) vos
Auldnduls Lﬂmfﬁﬁ‘lifﬁa&Jﬂsvrmumnﬁanuaw%ﬁaﬁﬁamsﬁmzuﬂ'wmu (gain) Fauuend
‘ua‘uamwLLawsmmuuaummsmﬂLLunnamawamalmmwm‘Lﬂ Ingnnasdanuiazuanys
Ufmmﬂu‘wiﬂmn‘uﬂ‘uauammwmmﬂuimm’m muawmmm’lm’lwmmuwawaﬂ WARYIT
memsmmuummmmLLuﬂnamawaualmwaﬂ 'vﬁaLUuLLawsmmmmnamawaumm
lﬂmaua’luLmaﬂwmmulmﬂuﬂammmnuwm mamauamNﬂauﬂvﬂummuwwanuaa
Wit IﬂammummumsmaﬂLLawsmmmﬁﬂﬂmLLammu

1) ARsgIuN (Gain criterion) 3n1sassiuldfadulalag¥sanesiiu ID3 2y
Tennasgrunulunisdaduladenuenmitadfiasldidulnunsnvesdulivievesrudes
TAgNSAUINANNUYBILAAS LLaw%ﬁaﬁLﬁaWLLﬁméu(?haeha waidonuonnitadidannu
aawammLUuTmuﬂ'mﬂmLLawmmmuf\]uummmmmiumimLLuﬂﬂamauam Tnefidasnis
Guauammuuaawam’lumimﬁsmwauauuasflunanﬂ,m LLavmiﬂmaaﬂLLawsmmwﬂw
mmmuwuauaaaﬂmimammsﬂuﬂunumaqnawmmummuuaaanma Annuiifuan
”Lé’lma’lfumwmmﬂmwgmsaumvﬁ (information theory) silansydfnyfie Aansaumevos
maaiawuuaanummuwvwmawaua mmmsmﬂaa‘lusﬂtwwm (bits) Wewduaunsle
adl

e

1 8 i) A 1 1 - < ¥/
Asnsaunasesdioys = < logy (Amininaduvedoya) 2.2)

n3l4A1, Information \eainaetipanstaunsivesnavindavlunusnussdeya
SniladesusstudnduliffeaulafifarlidnaududousnaiAily iaasaumeaas
Jayatiuannsoiinildanaumsiidelul (Han and Kemiser, 2001) fvalst

s Dutwpvesdeyatisussnaugaedoya s enedn
Lﬂuﬁwmuﬂf:juﬁmmﬁﬁmﬁ’umaa%;&aﬁqmﬂv’u
, LLmuﬂa;m’LuéﬂﬁuﬁiImaﬁiﬁﬁhszwiw1 fam

S wnudoudeyanduendnues S uavagluranC

S; LquﬁﬁuuuﬁagaﬁL‘f]uam%ﬂmaasluna:u CmnmmﬂqsﬁagaﬁaaﬁqﬁLﬂulﬂlc’w’ ]
Youanv3WA Taefl j Srnszuing 1 8a v

svS unusamuesduiiteyaareglungu G

- fhenseunavestoyaiifesnsdmiusuundoyasenduusazngumidlng

O 3

151,82, s Sm) = — 2% S‘log (2.3)

& el

- AeulnsUvesuenniduia Taliduwennsioddu (aq, a,, as,..,a,)
wilsilag

E(A4) = S0y 2 (515, 5mj) (2:4)
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Annasgrnuiegldfionsundontonmitaia  widuluuavesiuliifaumty
Uiinadeyaiidesninfeliaunsosuunnguasdoyald audeuiinudeyaiifesnadie
nsduunnauussfeyalagliuenmitoia Wusnneaeuitedwunnguuesdoys Weudu
aunslawed

Gain(A) = 1(s1,52, ., Sm) — E(4) (2.5)

nnfegrdeyaanimerniayseneunsindulaidunednlunisen  2.19004
v = v v ° ¢ Vv I = do o
Toyann T Usgneumedeyaduiu 1disanasa uiseyasandu 2 nguae Jayandndula
ganluidunedu (Class = P) 913 disamedn wazdndulalissnluidunadw (Class = N)
W SisAResa N1stzssyInteyaniansareinetlungy P wse N desnsuiunaudaya
LY A ] ' &/ ldl U Aj
Ussneumsaniulaiteduunngulaeldaunisi 2.3 dail

I(T) = <(9/14)x log;(9/14) = (5/14) % 10g,(5/14) = "0.940 o

nssunnivesdeyaiiadadulasonidiauneduuioliiiy feslddeyanin
uann3tadautssnetn’siadnls §uddloyaynileelditennit A outlook axansnsn
Fuunnauresdeyaldviestn 2,11 Tnglfiansiruiuisanasavsainasnqudesaliluiadu
s Wewdsmuiamihilulfaefesmisiinadeyaiiniiaussneunisidennay wazanunse
FuanAeulvst sasuennidaslainelidunis 2.4

SRSy overcast rainy

P2) B(3)

P(3) P(2)

JUR 2.11 uansnsdkunnguuasteyalaelduenvsdon outlook

E(outlook) = (5/4) x (—(2/5) % log,(2/5) — (3/5) x log,(3/5))
+(4/14) X (—(4/4) % log,(4/4) — (0/4) % log,(0/4))
+(5/14) x (—(3/5) x log,(3/5) — (2/5) % log>(2/5))

= 0.693 in

133733
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fufe  dsesnsdnunnguuasdeyaln Tnelduenn3tng  outlook \Jush
avnaeUifiesuunnguuasdaya msfiarsanainet outlook vesdoyalwalil empdlddaya
B 0.693 Jn Faazuennduiignesvestoyalusiifle

fafuannsadiunAnnuanmsidenionv3dad outlook iuuenvEtsifeld
wistayaldanaunisii 2.5 fail

Gain(outlook) I(T) — E(outlook)
0.940 — 0.693

= 0.247 9w

aa e‘e‘ = LY 4' Y 1 b < a
wonmidadfimasaunsnguidenuiiudamageuiiodnnguuesdoyalinAowenns
Unsitemperature, humidity Wa® windy anansasunaALAEeInnsdenusasueym3oasle

ain(temperature). =. I(T) = E(temperature)
=--0.940 —0.911 =- 0.029 9n

Gain(Chumidity) =/ I{T)=E (humidity)
=0.940 0.7 = 0.152 gn

Gain(windy) =_I(T) = E(windy)
=.0.940 - 0.892 = 0.048 9n

Wi uenmdadAlirwnugaiaade: outlook fuftitemnidai-outlook ugn
eondulvuasngesiildinduls uiilesandsliansndanguuestagafunguireatuls
Vavsn Jadosadrwilivaaularsll Trensandenuewsdosrievan dulmialusedui 2
rovnlyuas e shnguuestaya Tunsil cutlook = dvercast lalfasaddluuniiiuiiusn
dlesananunsndanguvesdasaiidungy P iniarmmuds

LLaw%ﬁ?ﬁﬁ'mmiﬂgﬂLﬁaﬂLﬂquum’luizﬁ’uﬁ 2 taUsznaUeinY temperature
humidity wae windy lnaitenvidaroutiook wlignidenuadndmiuinunlusedusiald
Jefinnsannisairslnungnimediudasiia (outlook™ =" sunny) ddenuennidag
temperature 9zanunsaduunnguvosteyaldmagusl 212 uazarunsodurnannuld
fastoluil
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sunny

overcast rai ny\‘
i

mild °°‘Kl
N(2) P(1) [ P(1)

P(1)

< ° ! 1% v aa v o
JUN 2.12 uansnsdudnnguuesdeyalaglduavnitas temperature [Wulnunszaud 2

I{outlook/='sunny) = =(2/5) X log,(2/5)— (3/5)-%-log,(3/5)
= 0.971dn
Etemp (outlook-=sunny) = = (2/5) X (=(0/2)x=(2/2) X log,(2/2))
+(2/5) X (=(1/2) X log,(1/2) —(1/2) % log,(1/2))
+(1/5) X (=(1/1) x-logz(1/1) —(0/1) x log,(0/1))
= 0.4dn
Gain(temperature) = I(outlook = sunny) —E;¢mp(outlook = suﬁny)

= 0.971— 0.4 = 0,571 4n

wennsloanmdeauisagnidenilusinassay iedangudeyaiindeuevvidad
humidity Lag windy @unsaAipaNnLa TN EeALAaz NS I lanall

Gain(huidity) = [{outlook = sunny) = Ep,(outlook = sunny)
=0971.-0 =0.9714n
Gain(windy) = I(outlook = sunny) — Eyingy(outlook = sunny)

=0.971-0951 =0.0201n

& M aa ¢dy v & o . v an oo o
sgiulsduenvsdidnlirinugefian e humidity dsdunennidhdifegniden
\Dulvunsedudl 2 floan outlook = sunny wazdnamdslungnynernvesTnunoutiook
(outlook = rainy) MfBsRaITUILADNLEVNNSDIRLAEIINITNSAIUIUANLAUALERIALE
Methsnoumhil annsadentidiuenvsdidwindy sslirnnugaiian Segnidenilulvue
v a 1 . v v Yo a & o \
sEAUN 2 AiBan outlook = rainy nsguunIsasRuliiadulessduandioluualui@ungu
Y o o o Y Y ve a , o
vasfeyaifsatunun uasaglalasainvesiuliinduladugun 2.10
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2) AASEIUTRTIEIINY (Gain ratio criterion)ludana3fiu ID3 a¥ldAnnsgiu
inudundnlunmsidonuonysituifadldifulnunsnvesiuldifnaulondovesiulsivos uwily
danesfiu 4.5 Ihfumslimunspudnmdunulunisiduladonuenvsdadiioslsidu
Tnunsinidandae Wewinanasguinuasiinusudesetismnn futeyaiusznaude

]
<

wenn3tadidedululgsaurunnng Wy yadeyaiiusznoussuenniadnane.an
Usgdidaialisnduluusasfesis z’ﬁLL‘u'a%uamuLLamm%ﬁaﬁﬁvﬂvv‘l’ﬂﬁlﬁﬁhmuﬁaaejw
Wee 1 fegede 1 Awewiuly uazidledurne entropy 9nnsuUsogauLLeNYS
Sdtagldvitu 0 mlwmmuwlmﬁuaaLLawsmmuumawam

(N9FNF 9LNWUIA, 2543)

nnfmedntoyanisindulaiaunednlunasad 2.1 dlduevnstafiD Tunsin
ngudeyasziesnsusinadeyauseiunsdndulaiediunngudsi

EUDI) = (1/14) x(=(0/1) X10g5(0/1) =(1/1) xlog,(1/1))
+(1/14) X (=(0/1) X log,(0/1) — (1/1) X log,(1/1))
= 09

4 ] U 1 o a lﬂy 8/ 1 1 U v Q‘J’ 1
LN@LLU\TG]’J@EJ'NUULLEJ%V]‘SU’Jﬁu%%lﬂﬂ']LEJ‘UIVI?‘TJL‘VHHU 0 PNUUATLIRTITUNUVBIUD

aa Vo e 9] o v i < ¢ I ' < o
‘VW]TU'JG?UQ%L'VﬂﬂUUs@J']leEUaﬂvamﬂE‘J\‘iﬂ'ﬁ'ﬂSiguﬁqsﬁaiﬂﬁﬂu@Liﬂﬂaiﬂa&&IUﬂqm Pusa N v

e

< a |

Truasndalidwiniy 0.940 T vilipminsgnanudiidgeninionvstioy | q duduy
wavn3dan 1D f‘:%QﬂLﬁaﬂmLﬁué’ammaauLﬁaﬁ’mﬂdmaa%’agaﬂn

Ky “ssfudrnisiesumspunuaglieigudouenmstadiuiiad vl
$waunn 9 Geligemsahmldduluuavessliifievhitonduvesdayalvalilineiils
agagndes Saresidlenudndedlnemsusuaninuliyndes Teelddansaunans
wdauen (split  information) vosudasuevnsdamiialdmuinaiuinsgudasdiuiny
(Witten and Frank, 2005)

frimunld T unigawesdoysiln (foutahiolaelduannitana a2ld ynveq
sheddeslusasiadu (t, t -t $1muvr s f0ululdvesuenn3tida uae
anansaf A sEumAn s senlEd
It

v
ANENTEUNANISILUEN = —Z — X log da”

i=, ITI z(lrl) 2.5)

I 1 d’l < L v A [} 174 U !

AnansaumAnIsLUsieniazuansdisseAunsnsstevesdeys Weuwliloyaded
Ou T By v gedesmuamululivewennidnd A lneaniasildrgegedle [t Ju 1

1 U IQI U A U QI d‘! 4' o 1 d’l 1 J 2}

whiuluynia uasaganaadlon [t Wudy Weadlumsaunsgiuaglamunnsgiu
gnsduny Jatreufleaudndesiiialuresauinsgiunule Tagviliauinsgiu
1Y) | aa dda 1 da v v v o £ ¢
snsd@mvesuevnITuniiamiulllfinngnuiuanas (Fesdnd sunwuaed, 2543)
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ANNATFIUERTIENNU = ATNINTTIRAY / ATENTEUNANITHULEN(2.6)
niegndeyanisinduladunadnlunisedl 2.1 @wnsaduinel gain ratio
yasuanysUoutlook linail

AENTAUMANNTUUUEN (outloak)= —(5/14) X log,(5/14) — (4/14) X log,(4/14)

—(5/14) xlog,(5/14)
= 1.577 Ua
Gainratio(outlook) = 0.247 / 1.577 = 0.156

wazilawuatayasiagemaianvzladtemperature, humidity, windy @158
AUINAT gain ratio ARl

Gain ratio(temperature) ='0.029//1:362 = 0.021
Gain ratioChumidity) =0.152/1.000 =0.152
Gain ratio(windy) =0.048/0.985 = 0.049

) aa e v L q ol - | A o ° |
ST IRy b D gain-ratio ganen Aa Outlook FWUALINUNITATUIUAT
ansaumateya deduuannitidioutiook Agaiieniduluasinvesiulisaduls uavay

1%
Y]

2/ kY VY o ! LY | t% Y 1 < U v &
afulidndulaseluaunsensnansodanguuseyalhilunguidiennulsvismn

¥

2.4.4 supeuisiulifadulacss (Jas)

Funeuds ca 5 WIS HeIde diny Tuisanagasiswane Waunlay Ross
Quinlan  (1993) gy dsinanntunsuls D38 dunsuisaldidoatisiulsivnale
m‘visuLL‘UQﬂamm‘uauaaﬂmumﬂwanmsmaamiaummauaLmummn‘u ID3 usivzilau
dinAnan D3 i Feaansaudlugadoetasios tnidustned dil

1) mmsn‘lmmulmmmwagaLmumaLuaa (Continuous. ‘data)lasuuyliineiiles

(Discrete  data) TaeTudanpstaynivuroiietsitl C45 azanagauus
(Threshold) wenaadnemstiueendu-—2-gu faduiiiiannnnifutiosnii
wirtuenfillunsadagaiEu

2) awnsaldfuyateyannaou Addeyaviamigld (missing data) Tngasunuen

fe “7” wagliheundnalunguesauiannguiasaume

3) ansaldlifuyndeyaneaauiifidfisuniviedarundemeld

4) ansavhmsiadedulifaduleluvasainsld Tnglivildugniesanas

nsideneaudnsagildiulnuasnvielnunuudulifaduladuduneuis 03 s
Taunudundnlumaiden wituneuds ca.s duldifiumslidanasgusasaiunu Gain
ratio criterion) lun1sindulaidenaudnune esmneinuasiinades Bias) sganniu
Foyafiusznausenndnuue i ddululdsuaunng
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msufiluanueuBesvasdinuansavildlaensuiuanasgunuligndas
Ingldrnansaumaveanisudsuen (Split information) wesnmdnuazusassy Mansaune
vaIn1suUsnenainsadeuluglannisii 2.7 (Han and Kamber, 2006, p.301) sl

| Y Ipj| IDj
Splitinfo(4) = —Z DIl ¢ 10g, (122 2.7)
je1 1D ol
ﬂ'wmsaummaamiu:u'\iLLEJﬂﬁ%uamﬁﬁxﬁ’umsﬂssﬁ]1&J°uaa°i’faua wiavhadlunng
mmmJLmmmmsnuamqmumumm:mmauiusﬂaumsw 2.8 (Han and Kamber, 2006)
Taaadt

Gain(4)

GainRatio(DY = m

(2.8)
AunsgIushsdunueinlyaemBemesrauld Tngagviliruinsgiu
L 1 1 9/ U Ad L4 U 5 1 U 1
onsdlumsulsmeanidnensffingsnsrareggauivanay feurninsgrusnsdin
Y da v v o & = U oia ) o
nulugaiinyalsninsnszaedavedeyageisinansnSslifidgaiigaiaue

2.4.5 mransduldsagula (Praning)

TurnusArnea Sedulivnauls luldasisoiaiamsansedsiauni Wfaswein
%’auaﬂﬂﬁﬁ%uaiumu (noise) eTiaLﬁmmnmsﬁ’uﬁﬂ%’auac‘imwmw%ammﬁmwamﬁu‘iﬂmﬂ

gUULDY ma“lwmamamﬁ]mmauawmﬂnmmﬂmauamulum (outlier) UgUuunaiy ns

mmmmuimmauhLUuLwﬁuﬂw’wmmmmﬁmmu [6luagvdgeannisiintdyninnsiansas
Tunafudeyauaniiuly overfitting 18las Uaynadiviali dlassadtadulidamnsasuun
foyalafiugedonailiaireiulimndulemniy wndaululdsudoyalmivseansamiu
n1s9uunngadeyassanas asdnAwuldindutassldaniadalundsfnaeiiianny
indefetesiigneentv ey i llvadldauasavinaldsinisadd uazdadums
Ufuugsdnmnuanunsovesduliflunisynedogalvdglduug dstiuingss Tnenisiafe
ﬁuiﬁﬁ’mﬁu%ﬁﬂuﬁﬁwﬁagj 2.U58L

1) msﬁ“ﬂﬁwmsFsaué’(pre-pruning)lﬂumi@l’mﬁ'aﬁulﬁw%wqmmmmﬁﬂuﬁu’umau
asasrenuldandule T,mamsv‘fﬂﬁiwumﬁnnﬁmﬁv’uLﬂﬁautﬁﬂu LLau’lﬁ‘lUﬁu'uLLamﬂﬁuﬁﬁ
mmumauaauuauumaummmmuJuwuamaﬂvaaiuﬂauuummam Iummmmmiaiw
Fuldiinaulody sedosdinmsmuasSoinAvniadffidifsng 4 wWulrauaid Aansaune
sua:uaLwalwsumu'mmsmvaswwsaumﬂnwaamuluamqli mmmm‘le’w‘lumamwnmumhﬂ
agdolnuntulilaunisflasvinsuanisely daduniseinilasfmundndildunmst
wantuarseeilanduiinls mmwuﬂmuuqamulﬂﬂ%wﬂﬁlﬂmulmmmmsuwau WA
ri’mumi"ﬁlﬂﬁmﬁﬂﬁ’lﬁﬁulﬁﬁﬁ‘ummLﬁmmhimmmﬁﬂﬂ%mulﬁ

2) mamﬂwaamsmus (post-pruning) L‘Uumimmmaamu‘tmmmau‘lwmasw
muamumum T.msflsnmi’mmmmfduvdauwaumau‘[wum Maamnwmmsmmﬂwaamuluua’s
TmuﬂwagmqqmwlulﬂgnmmugnLﬂaaulﬂLUu’L‘uLLaswmeﬂqwummuma;&aawaqumn
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fign (Breslow and Aha, 1997) dmsuyn  Inundtlileluvesduls! axdinmsfunandnm
anuRawaraiiaaniely Fadusiansderuiionaiafiosfntudnunvosulsdestiu
anc?fﬂaafﬂ,iﬂ,ﬂaﬁﬁhmmﬁmwam‘uaﬂuuﬂﬁhjmﬁmmnﬂ"wmmiﬂawmmaiwmmﬁmwmﬂ
maau,mavm LLav“lwmmwuﬂmuaﬂmwuaamuu g mmsmﬂiwumuumiﬂamsmmmm
Nﬂwmﬂwawu Tnunvesdulidosiufasdosdonly memsmuum’tﬁlmmmmmwmm
Lﬂumﬁauiulﬂ’iwuﬂuun%gnmaanlﬂ vdnynsiafuliiadulowdezdesihnisia
AAuLLiLg (accuracy) vesiulifivhinisaafaudase Tnefeuliilymanuiananatios
fignasgniden
usnanmsiafsuliRadulalaeorfonisinarmnuianatnfitindunda e
wedadu 9 1y 9idsE (encode) Tunsiansandafswosiuliingldndnntsves
Minimum Description Length (MDL).éiae-(Quintan-and Rivest, 1989) 1usu
Barsineuldiadilafifnuduailunuisediduudn post-pruning Adumay
msdnfusuviundsenduldidadulalias iy saiuds Taod Breiman, Friedman,
Olshen, and Stone (1986)-ldFnwanuinnissansUsswnninaiadtssuinniasle
Uszﬁw%quandwmsﬁ’mﬁwmsﬁﬁaui (pre-pruning) WsazansaidondalvuailiiAn
Usslomlnnduliidadulafiasusdisdarngadogaiay uasliisens 1 lunasiaraaa
Aananvesluaienansanataeinnwosilsinie !

2.4.6 -M3AnLEINAMENUME(Atrribute Selection)

Liu uagMatoda( nafslu Borges  and | Nievola, | 2005) aa1331a15Amden
Auanwag(9) ABnTsuaumsieniyndesdauay M attripute andanauteoya N attribute
deanuunavepadnusiiisataunerlitulaideredlasuiied Widhausetuess
AN %aaaﬂﬂﬁaaﬁu gausAng edRusuasoussung aiIve (2551) find1adinis
ﬂmaanﬂmanwmmmm amﬁumsﬂmaaﬂmLLinsaﬂmanwmuaqﬂmwaQ’Lu‘umaua
senuINAuEhEILnTiiley TnentsAniAenamusn ws Mg Ldst sanudsT
”Luummmawaan*umsmmaiaulﬂaaaﬂﬂmwzjwaumaamimwau‘la Fstlannsaaguidd
msfndenquénasimnsatiuifunounshanuiidady 2 dureu ADNTAUNYAUDY
ﬂmé’ﬂwm“ﬂ'mm“au was miﬂs%ﬁudwmmé’nwwﬁlﬁmnmsﬁuwﬁﬁu’umuiums
AnidonanudnyasiivunsaunuiiAnYes Liv-uag Motoda Taufauurfnvesgausiing
edfuduarausdug Adinadunansliigud 2.13
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Original Subset ‘ Subset Subset
Set » Generation > Evalution

Goodness
of

No

Result’
Validation

Stoping
Criterion

JUR 2.13 Junsumsiienvesnasinifennudnune

24, 6 1 miﬂwwmaaﬂmanwmmmmvau

Lﬂusuumauﬁummwwmmﬂmaﬂwm Lwaaamalﬂiuaanaswmlumsﬂsvmum
ﬂssLﬁm']msﬂﬂwmaaﬂmaﬂwmwgmaaﬂmdu lnedanasfiulunisAumazaiunsanus
Tonlu 3 Ussuanleun

1) | Exponential Algonthms Lﬂummuwmmamawamm“ﬂmaﬂwﬂwmwnm
AdulUlg mmr’nuﬂmiﬂumt,l,uuumaLaa‘luwawmmﬁmum m’Lmaanm‘lumimwwm
mammanwmvmmﬂmfsmmumnmsuauawumoﬂ,‘wm S mﬂuﬂummmuﬂwamamu
UL Jeiaeenwanmeiingldun Exhaustive Search

2) Random Algorithms LUumsﬂwwmamawmammLLwauml‘ULsaa‘]
ﬂumwuwwmaaLLa'vmimmmuamlﬂmumsﬂiumumLLaﬂwmmmmmawwam
MeaveanAlrkuUTein Geretic Search

3) Sequential Algorithm RIfuYATLETIMIDIRA AT ALY daeamng

Ao Forward Selection wag Backward Elimination Inen1syheusos Forward Selectlon
%L?mumsﬂum%mammanwmuimaﬂmuﬂlmsmummnLszjmwu,mﬂaa qL‘wu

u

AMANYUS L“U']iJ'TLW]ﬂ'TLUUﬂ'ﬁVIN’]U‘UEN Backward., Elimination ﬂ“LiMWUﬂ"]iﬂUWﬂﬂﬂN‘U(ﬂ

9
u a

‘umﬂmaﬂ‘wmwmmuawﬁmmuﬂauuawaﬂawmLmﬂmaﬂwmu‘vﬂ,‘ummuawaaniumwm

9

2.4.6.2 m3Usadiudyanaanuueiidannsium

ﬁm%’uﬁ'ﬁumaumaqmsﬂis@um‘qmammé’nwmﬁmunﬂiﬁumﬁ"’ulﬂuﬁgumauﬁv‘l’w
Aoandane3fiulunsdum Sedunoud vileUssifiurgnuasandnuneilduniuneay
viiell wnldgavasgainvasivansanudr3myansdndonandnuns Taosanesfudld
Tunsussifiurgevosnadnuasil 2 Ussinn Ao

1) Filter Approach LﬂumsﬂisLﬁuqmé’nwmﬁﬂﬂmaﬁaydaLLazﬁ’mﬁaﬂsqmm
apsanwasglaglaifininidaneifumaiunsimiiesdoyauldsiudie Sedanesfiulunis
UsgilluA1luy Filter Approach 1¢n Correlation-based Feature Selection w3e CFS uag
Consistency-based Subset Evaluation
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2)  Wrapper Approachizidunisuszilugnsnvuzyesdeyalaefinigi
danedinlumavinmilesteyauvhousilunsdum Jsgansadunldainiuwuy Fitter
Approach usiagldanlunmsaunasnnnia

2.4.7 msussifiunagaenuunsUas (Wrapper Subset Evaluation)

usuwesld] umsifenwmnadnuuslmilagld3insdum wasaamﬂmaﬂwmv
Luammlwmnaswwu afiaduunrihnmsiaidiiigavieds S18sliuvdraundtesldion
Qmaﬂwmﬂmquﬂ Fretedanaiuiild Wy Hil Climbing %38 Simulated Annealing
wagienlnduvinisaslunalagldmsuunderfuiuiduimusediu (Malden and
Grobelnik, 2003; Forman, 2007) fanmdi2.14 Taevly wuamaiinaududeulunis
VISURARTY ImaLawmamamma‘uamammﬂ’mmmnqwummaﬂwmsmwm m #7 9ziLn
Immﬂammumﬂulﬂlm 2m

Data
(on all the

features) /

Estimate mode}
Optimization E bset using ML

algorithm aléorlthm
Gl WYY/

score (model quallty)—]

The best subset

Represent data
With the
selected
features

\" A

Data
{on feature
subset)

Model genecration
Using ML algorithm

g‘uﬁ 2.14 LU Wrapper

2.4.8 NIAUNIUUTURBYASasTuU(Greedy Algorithm)
] ad o v aa ) X o o
TupeuTBazluu(11] WunsAumuuuiiiganou (Best first search) Ad1eiign
'Y v & & aad 4 ad o &
wanNMsvaINsAuMUULE fis madenlnuanidnganasnnan feilvunoudsi
1. @entnuasusiusnudslnug
2. Wlnueidenuilifuaniusdagiu
3. Bihmusuumsthsdniauniegldannsaadilvungnlédn
% 1 o v & @
3.1 afsanmuglnindulwungaiilulyldiomaananuztagiu
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32 wnanuslmifadtunionn Widenaaus uie Tntumgn Afign
p9nNNNBIUALRE"
4, nduluiituneud 2
Mog19 MNFaanTsiiummenTakiuTiasdoufunisluduilos A B C D udl
STEEIaAUITNT 2.3 annsaudtymildsed

TetsntsERDAHR19

LY

sUi2. 15 mstitamnsiiun e sausifiens nsanes oy

1NGUT 215~ msuitamiduan naden’a adleaduusn ndurinisass
TnungnB, | Cilay D WisszoemassnineA fndleanandls’20  30uag 50 aud1siy
Fon B ludlesiagifiunisions vinthuadisivudgnues 8 18 Cuay D wagldsvarnis
wirifu 15 uey 20 mandady Wden Clludlefissiiunmadell arnduadralnuagn
1% € I D fidnwvindn. 10 Fonuiuanit D WudladgainenoundUlu A sausvasymaviniu 20
+15+ 10+ 50 =95
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Y

A1519 2.3 AMSAUMWUUTUABUITEE LU

Tuaau ftden Asflifon iiawins
1 492 1,2) 1
2 (1,4).(2,3) (1.4) 26
3 23),(3.4), (4,6). (4.7 @4.n 34
4 (2.3),(34), (4.5), 6.7) 40
(6:7).(7.8) |

2.4.9 n1599Us2an3naw (Performance Evaluation Measurement)

2.4.9.1 k+«fold cross validation

wiafla k-fold eross validation (Ron, 1995), iiasmsinussansamlunisviune
Ar0g19vesluLAg Iﬂawumu*uaamﬂuﬂuﬂamsaumama (resampling) ) TngiSuanuuyn
foyasaniludiuqwiaiionia fold LLa~m°uNmumﬂwmauauummaauwaammnmi
ungdoyanaaeuesling

nsdimsidondudayauuuanuiies k nau asutsdeyasendu k yawihfunas
MINSATUINATIAIINLLUGIINAITIIUNY Kk 58U Laurazsoulgiin1sas1sluimasnuun
Ussiavwila andoyaiieus k-1 yauastoyanaaey 1 g (eildifiaFoud)
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10-fold cross-validation
Total data j

I I ‘ ‘ l l lj l:l Training data

Test data

gll N 2.17 10-fold cross validation

93U 2.17 lunsvheuseuusn 4 Yoyayail 1 ﬁlu’l%mu‘uauawmaau drudayaly
ol 2 {is 10 mmmlmﬂwmamammummaus drosidunaduuntsson 1 & doun
soufians faglddayaluynil2 Hudeyanagey drndogalugnd 1 uas 3§ 10 sthanld
Duyateyadmsunsisuud Gms‘Lc’ﬂumamuunUsumwman 1'% sgfimsvianudnuaed
WiSoeqaufsseuiidy aslddeyalumsi 10 \Dugndeyanasey-diuteyaluyed 1 8 9 vz
vinldidugadeyadmiunsisoud iegayliliinadauiuntssansn 1 i

2.4.9.2 wnsinUszansanvesliea

’lumﬁmﬂisﬁm%mwmaﬂuLmaﬁWLLunUsumm%’auaﬂu’u 9891/y Confusion Matrix
’LumsmwauammuLm'maavusmmnnamamamLLavnauﬁuauaammimma Tnefin1s1e
thiaedomamxmingd m AR ALY BN

miwﬁ' 2.4 ' Confusion-Matrix

Predicted class

§ Class C, C,
5]

e C, TP FN
< C, FP N

A48T Confusion Matrix iAMuviinesadl

[

- True positive (TP) Ao urudeyailinnaduunnguiu Cuazaoulu ¢,
- True negative (TN) Aad1urudeyanlumaduunnguilu Cuasmneudu ¢,
vye o A [J 1 o
- False positive (FP) Ap1uudeyailuaaswunnguiu Cuasdnauidu ¢,

- False negative (FN) Aadrurudeyafilunaduunnguidu Cuasdneulu ¢,



A15°9% 2.5 Confusion Matrixuadn1ssuunussnnmsiarauinmes
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Classes buy_computer=yes | buy _computer=no | Total Accuracy (%)
buy_computer = yes 6,954 46 7,000 99.34
buy_computer = no 412 2,588 3,000 86.27
Total 7,366 2,634 10,000 9337

d }% -=’i’ a A 0 14 L2 1 [
INATN 25 Yaveyansieneninesiduiudeya 10,000 f9g1e $uun
sandu 2 ngu e buy_computer = yes $1u7U 7,000 fog1s uas buy computer = no
903U 3,000 MeE1e nnrdaetndseannudaddmaudeyafilunasiwunnguiy
buy_computer = yes wagamauliu buy, computer = yesiviafu 6,954 faaes (True
P a o &/ i ) 1 3y ) =1
positive = 6,954) iTrurudayanliaadiunngndy bly computer'= no waganauidu
! Q/ U 1 L = o e‘
buy_computer = no 1Ay 2,588 f9e1e (True negative = 2,588) mwmu*ﬁ’ay}awiuma
Fuunnguidubly_computer = yes Larnnauidu buy computer =\ nho Wity 412
) | . a0 % o ° —
n20874 (False/ positiver = 412) mwmuma;&amlmmamuunnqmﬂu buy computer = no
wirmauldu buy_complter. = yesaviniu 46 fgend (False néoative = 46) Auraen
AukugNNIILUNUsEATNgN buy_computer = yes IR 99349 FnanuLaiugn
MsILUnUszanngy buy computen = noleiianiy 86.27% LasAiAdauudiennssuun
UssLnnyianuatawindy-95:37%
FNAYEINET (AccUracy) Aadnsinisviuiggndes flanslunseian fe

accuracy = bd )
Y T IN+FP+EN+TP

a ¢

2.5 vquiiiieanulaganusshivg

&

2.5.1 nszurumsiingoudedlassiievsyam

n3zuIuNsiindey (Training Algorithm)1i1isasTldanulasewiioysuddas
‘fmﬁmmsﬂ'wmmﬂmﬂLﬂﬁaulﬁzjL%'ﬂmﬁmaulé’asm%ﬂiﬁ lunsinwafeildssuaums
Aneou 3 35 leun alnanouginansifisy (Scale Conjugate Gradient) Tiowdaned-iadu
(BFG  Quasi-Newton) uasmisgrdrgunsiieuvidmelumuiuwagnisusudnsnisiseus
(traingdx)

2.5.1.1 amaﬂaugmmnmﬁau(Scale Conjugate Gradient)

Martin (1990) na1 1391 Fainarsugnansifsuduisnmiliwesidaeuginan
Tiieu SangunsiFeuiuvureuginansufeuazitiinneuiideantsldsanginiuuuias
s isrzinsAumdunsioy winisfumdumdmiluudazseuiinssunnidudon
wagldiaanlunisdruiaann BBnisanapeuginansudsuduisnseuinaniatlunisg
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o L d o u : Q:l 1 A
Aumdune uazandruruninernsildlumsiunantedndonisnsfinduiialuaszsjslud

UudasmsSeuduinmsiinduiasdonunalumseduusasads agUiumeumsvhanuded
1. Fenunmesimin w, uazanaado > 0A, =0

MAUAIA p; = 1y = -E (wy),k=1 ua¥ success = true
2. 11 success = true @wnsaRIMTEAsBERd LA

ag

Ok = i (2.10)
S, = E'(Wk+vz;z:€k)—E‘(wk) 2.11)
5= prSy (2.12)
3. Scale Sg:
S < SN | A (2.13)
8= 8+ O DRI (2.14)

4.91 8, < Oumlvadsumsndiga@oulwainAnfidnHessian matrix positive

definite)
S =S i e 2|p5:|2)Pk (2.15)
T =2 (M ~2 1p8:|2) (2.16)
8 Z—~ O E NP2 N (2.17)
5. AUANATS S8 sTDITNATY (Step Size) :
e = i o= 5 (2.18)

6. ARSI UMIEUADIAUTE ABY

A, = 20klEWi=EWR)t 2]
K =

5 (2.19)
7"
7.61 4, = 0 WA imsandrAmAnwateansavinlalag
Wii1 = Wi+ appy
Terr = —E(Wiy1) (2.20)

A, = 0,sucess = true
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7181k mod N = 0 Ag Swsuhwinlulassdiowifu 0 udSudu
aaac [} v W oW YV &
N38UUM I AlRE TR py = re taglumnendusudi k mod N 2 0 fe
nnudmidnlulassieliviniu o Wasefiemeeouginmll

_ |Tk+1|2—7'k+1rk
Br = IR (2.21)

Pi+1 = Ti+1 T BrDr

7.2 61 4, 2 0.75 UdIandnsdYDIRIRUTENBY ; Ay = A

7.3 uag A,< 0.25 lumsnduiu 61 anAiauRawalnlyls

Ap="Xy, sucess = false

8. 11 Ay < 0.25 WNSRTIEILVDIDIAUTENTY Ayp = 44,
9. 07NN IgLdmIATeU nE0 uaafviueli k-=k+1 tasdounduluvidae 2
WA MANIMIGUEANBU f= 0 Tiven WasaAI8d Wy,

2.5.1.2 dinationd Ada8-1u (BFG Quasi-Newton)

Tiond ed-ivduuisisiladu 1 TudBnsuisveweuginansafuastgdnoud
Foen1sid i uuTnateud FiRudaginisdssinpsaiteiTudtansQuadratic
function) Tealdflsndudunss (Linear function) inutnguseasanenisniatsiigeves
fleifu ) TaamalyiSmmnaringeuasisivy Ineds WAEmM sirenlugnunziusou
(iteration) FBThuBNT BT MEGRRSARUTRes o uuanslRduns7eE

Xpw1r = F Xy +8Xy)
= E() + OFAX), + > AXEA X, (2.22)

FauuSuRetMlduanalafsaNnis
Xigir="Xp="43%5; (2.23)

lagh Ay \Duwssndigadou
8, WDunsufeuilendy

2.5.1.3 msgihgunaifsuidaslumuduuaznisiudasinisiSeus (traingdx)
nsRnduuulaslumsiindufidmimiinuasen Bias 9sgnuiuainsavesdn Mean
Square Error  Jafumanuuandsventnefuaoviymuestneny ssrusznouves
1 < ! a a‘-:‘ U 1 vl 13 [ 1
VINUNITBAMI T eshansadiuanlare c;ozuaswyduitUssasduanisuiuan
[ o v v o I3 o w
An99 Aeraanisiissuuan Mean Square Error (E() wasiilasainmserduaunisidsans
« J o 1 Y 2/ o o P P 1 LY &
uay wiiduileidudeilor annsamereyiuslsvnge dmeuiidiigade a1 wisfimes
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WVI'W]']AL‘VI mse ilﬂ’lﬁﬂﬁﬂ mmmmlmmﬂammiﬂsumwwsmLmaﬂuwmﬂaaummumm
°U‘L!¢N‘L!LNE] n ﬂ@‘ﬂ']‘lé'lﬂi@UVlLiEJUi

ci(n+1) =c;(n) — .V ,EWN) (2.24)
oi(n+1) = o;(n) —n V,E(n) (2.25)
Wri(n+1) = wy;(n) - Ny Vo E (1) - (2.26)

N. Ao amsmmsaus (Leamlng rate)V,E(n fﬂuLLammW’imwLLﬂimﬁJuVlaEﬂuVIﬂ
Lﬂaaumumummwmaq E(n) mmmmmmm‘memwwauwm E(n) sufvudas
WIS NN OSUDIV 189U mmmmau%‘baqmsmmmmummau‘tmaaai WANIORSINTG
Lsﬂu%‘hmmsmmzu’mmﬂﬂﬂwnmmumwumawmmvau Fadussldannsavenlid
mi%mamqmswau%‘l,wnmiﬂLLmmwmwam3'1ﬂmiauswmm“ammiﬂvwaauuﬂaﬂm
szmwma‘i’]nﬂumuﬂaauuﬂawmnmmausmmwmmmﬂm‘umﬂmmauwLUulﬂlm
Lwa’memausLaaas m'iLUaaumamwmmausﬁ]umaammnamwana@umlﬂma maﬁm
nmsausmnsuuummaﬂmsausﬂaumqmw amwmmausm}“amwwuulﬂaﬂ WAL RNSRT
mmaummmnmmﬂLﬂaauamaa dp51n1515dusfinvgnanesaunseyiannupa1aLAAeY
AautepaT aﬂmma\amﬂmﬂuwmiﬁnrJuum']mmmmnmumumﬂi’ﬂmuummm’mq%aEJ
Imanmﬂaauumun’lmwnrmwasmammusumwumuﬂqmmemuJaauﬂuumunwmaami
Wiy vunsvesmsiasmihwindura s eimsesudie 0 8 1 Tuwmsdld
WaNN15YaN Low pass filter Geavl4 Aasluugy M Tunnsnseatainuigeeenty aunng
wumuuamlmmu

nasusutlsisly BP3anLag

wii (ke +1)=w k) = as" (k) y*=H(k) (2.27)
bk +1),= bIe) S wsM k) (2.28)
y(Ky=-nylk =1+ —n)x (2.29)

wilody
wii(k +1) = qwi(k) — (1 —n)ad™(kK)y (k) (2.30)

b7 (k + 1) = nb (k) — (1 — n)as™(k) (2.31)
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3.2 Jumpunsinivadaya

a [ [ d Y a ° v a2 a
nstassuveyailunisinssngunimvesidneinisinefiasiluldidudumm
+Y U QU w € 1 U o
(Inputiluseuy IﬂamdugﬂmwmwizﬂaumEJmam-ﬁ d3% WAL JanvanIeaegun 3.2

[

d Q) / Lo a
JUN 3.2° uanerironys @y Uag Aganwadng o nngluguaimduwm

IngBunmazUsznaseutushusyieiun 2040u-laun

1. Angsana New 2 *AngsanalUPC 3.Arial Unicode MS

4. Browallia New 5. BrowalliaUPC 6. Cordia New

7. CordiaUPC 8. EucrosiaUPC 9. FreesiaUPC

10. IrisUPC ‘ 11. Leelawadee 12. Microsoft Sans Serif
13. Tahoma 14. TH Bai JamjureeCP 15. TH Chakra Petch
16. TH K2D 17. TH Kodchasan 18. TH KoHo

19. TH Niramit AS 20. TH Sarabun PSK
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waglunsazuudnusazussneuse 6 vuna 1618 24 36 48 uag 72

mimsammwLsumﬂmswuwmanmmmﬂw 3.2 aalulusunsu Microsoft Word
Tnefikeruunnsemwlifivunn A3 ‘mfmmamsmﬂuasvmaamanwmmauumamwm
AENYs 1Y “88 9” avvimsiinvindyrusasluse ‘waamnuumimmmamamaaumﬂﬂ
1'3‘114mamwmasmsaamaﬂwmwaamuuumamameaawLmﬁn RTI IR PP Aent
Lanmimlﬂaaﬂmﬂﬂmmu Universal Document Converter Iﬂamml,amww (output)
LUUIWaiUﬂWWLLUU jpg fiauazidon 300dpi

3.3 TURBUNNTANAANANBIY

‘ﬁv'umaumsaﬁ’mmﬁnwms (Feature.Extract) ﬁaﬁnwsféumndw Input  3Unw
fonwsuaavialneldlusunsuudvudy  (Matlab) Lwaanmﬂmanwmumnmanmma61
Aeludunm mﬂuu%vmmimmmanwwmlmaLwaaswmmwm (Data set) iiothly
Aaszvinely T,ﬂwumaum'immumaﬂﬁmﬂmLLaﬂaﬂﬂugﬂw 3.3

91U Input set

)
959> 97U Input

IRBIER Ao

U351 >33 uiedsnys

Q]

U 3.3 uanstumeumsvhauvedivsunsuarinradnvazvesiasnusanandunm
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N3U 3.3 uansdliiiuisnsruiunisatnradnuas Tasiduannsety UNNLEA
udwhnisaseaeudalidunniendidessueguiolyl wIndBunnazviin1seudunnues
Mdnwslasnisudaussiauazutaidnwsmudidu eldsnuseonuniusiedudangsi
msanaRuanyuzLasTuinaudnye

3.3.1N1587UB UV
nszuIuNIseUBuNMen lUsunsuagyiniseudeyadunniendenielulndiosd
¢ do v g a i fa J v ° a €al 3
sensvesiwdnmildidudunmniseulnddunnazsudeyauazihluiimsesiiayindq
wnMazasuniaideusgneludunnian lnedoyalulwdusznoulude 20 ieusiveunt
) <
av 6 vnfauanslugun 3.4

;| File Edit Format View Help

{Thai Character\Angsana New\Angsana New
Character\Angsana. New\Angsana ‘New
Character\Angsana New\Angsana New

i Character\Angsana New\Angsana New

i Character\Angsana-New\Angsana-Naw

i Character)\Angsana New\Angsana New

i Character\AngsanatPC\AngsanauP_ -

i Characten\AngsanaUPC\AngsanauPcC

i Character\AngsanaUPC\AngsanauPC

i Character\AngsanaUPC\AngsanalPC

i Character\AngsanatlPC\Angsanauprc

i Character\AngsanauPc\AngsanalPc .jpg

i Character\Arial unicede Ms\Arial unicode Ms

i Character\Arial Unicode -Ms\Arial unicode' Ms

i Character\Arial Unicode MS\Arial unicode Ms

i Character\Arial Unicode-mS\Arial Unicode-Ms

i Character\Arial UnicodeMs\Arial/ Unicode NS\ - 48:3pg

i Character\Arial Unicode MS\Arial Unicode Ms =.72.3pg

i Character\Browallia New\Browallia New = 16.3pg

i Character\Browallia New\Browallia' new - 18.3pg

16.7pg
18 jpg
24.3pg
36.3pg

[ Y ]

o < ! £ a
SUN 314 LU0 D NABSIDUN VLT

3.3.2 N1581UTUYN

Usunsuazvihnseutmallrmmedstfigmdtu i lulnddunmidnainiuag
MsUSUTUNMe1$3T (RGB Image) nanerduinsdiaina (gray-scale) 91nnsyuaunsdnadudl
wiasigunmensil delliddaud 0 - 2559w 3 seuuressarilea wandunn
insdaina e 0 - 255 iessvuuidien

3.3.3 MTUUIUTINN

mwﬁlﬁmnmséwu%ﬁﬁaé’nmag’wawusiﬁﬂ IN1TUUIUTTVIRBRNIINAY
Mnifuanilulinseiiiazussie Tneisuannisadey (crop) U3tunbidingsou q aw
oonlunou udevinsuanuguiiazunilngssmunainmdudtiunviouiinud

[ 1 1 I v n’./l ° Y] [ ] a [ ] | 1
LUUYDIINTENINNUIING INUUILINITARFUBDNIUUY 2 AUINNYANUUYDIINTENIN
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3.3.4 NISUUIAIDNYES
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I TUdR AR A TE R s BRI AR (Connected
Component ‘Labeling) Lﬁ'amﬂziuﬁnwa(pixel)tﬁﬂﬁwmsfi’mum"}La?«aué’a 911N15014
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ﬂmsnﬂmanwwwlﬂumssm’luam’mauu 8 mﬂuuﬂvmn'ﬁ’imswﬁqmanwmvms’lu
mmuumaﬂnmmﬂmanwm wmmﬂumsgm
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aummsaiwmmauamu 3 du lag 2 daunsnasfuiendoya wﬂsunaumaﬂmanwmu
NNUIRERRnwIuiarnuiTy ludiudl 3 %.,LUuLsnm“uayJawUsuﬂaumaﬂiuanwmsmﬂm
2 MUY
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ATNNATN AANNANY
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Abstract— Nowadays, the competition in production
industry is focusing on the speed of producing goods and
wnerchandises or the production rate in each day. In
roduction stage for each product, manufacturers need to
woncern the efficiency of both products and processes. In
this research, the suitable procedures of training in neural
network for recognizing both Thai and English characters
to apply for testing serial number of each product by
extracting the characteristics, which had been determined
and identified already. The extraction process is-very
suitable for Thai characters and also can be applied to
English characters. The extraction process has 46
characteristics. Then, the characteristics were taken to the
procees of training neural network to adjust the weight
and bias for closing to the convergence of the answer
correctly, followed by comparing the speed and the
precision of each training by using trainseg; trainbfg and
traingdx, which all of methods are ‘derived from the
technique of Backpropagation.-The results indicate that
Gradient trainscg and traingdx use almost similar time
and require shorter time compared to trainbfg for both
Thai and English character recognition and the rates of
bias of trainseg, trainbfg and traingdx are 0.93%, 20.21%
and 2.73 for English, and 2.07%, 10.62% 'and 97.65% for
Thai, respectively.

Index Terms— Character Recognition, ' Neural Network,
character extraction.

1. INTRODUCTION

In the present, there are lots of printed ecircuit board
industries, which can be considered as the important parts of
electronic industry. Printed circuit board can be used-to
produce lots of electronic product in many ways. In the
production process, it requires to test the quality of products
before sending to consumers. Testing process can be
considered as the most important process in production
orocess. Each company has different testing methods. Some
may use human resources to do this testing part while some
may use automatic production technologies, which have both
advantages and disadvantages depending on products in
oroduction processes. When we consider the in printed circuit
board industry, it needs to use of recognition and classification
of a number of circuit and requires lots of operators with high

production skill, trained by production process experts.
Moreover, the testing of printed circuit board needs to use
longer time to test the product quality, which will further and
directly affect to the whole production processes. To improve
the time disadvantages of using human operators, therefore,
this_research..is aimed to increase the production rate by
purposing an-automatic testing method, which can reduce
processing time, decrease the production costs and increase
the reliability of the testing results that may be applied to use
an automatic testing method instead of human resources in the
future too.

Rajesh Soni-[3] compares the performance of Gradient
descent with momentum & adaptive backpropagation and
BFGS' quasi-Newton backpropagation of Backpropagation
Algorithm in multilayer feed forward Neural Network for
Handwritten English Characters of Vowels. The performance
analysis ‘of both ‘Neural Network architectures is done for
convergence and nonconvergence. Different observations have
been- considered ; for: trends of _error in the case of
nonconvergence. From the observation of the result, it can be
shown that in the performance of these above two learning
algorithms ‘with the training set of handwritten characters of
Vowels, ‘there s limitation of" gradient descent learning
algorithm for convergence due to the problem of local minima
which is - inherit problem of" backpropagation learning
algorithm. Jaremsri L. Mitrpanont and Yingyot Imprasert [4]
enhanced two major processes of the previous work of the off-
line Thai handwritten . character recognition using hybrid
techniques of heuristic rules and neural network system. The
result showed that the additional feature conflict resolution
rule could achieve the feature extraction rate of 87.85%, the
feature extraction rate of the specialized neural network-based
zigzag extraction could achieve 90.48% and the recognition
rate of the neural network-based recognition which combine
both of the two proposed feature extraction functions could
achieve 92.78%.

II. THE EXTRACTION AND VALIDATION OF THAI AND ENGLISH
CHARACTER RECOGNITION

A. The extraction method used for recognition

1)The extraction pattern of Thai and English character
designed by Chaiyakorn Yingsaeree

The extraction method designed by Chaiyakom
Yingsaeree involves 15 characteristics, The ratio between the



width and the height, the ratio of black dots in figure, the ratio
of edge line, the number of rows composed a group of black
dots, the average number of black dots in each row, the area of
.op-opened holes, the area of left-side opened holes, the area
>f bottom-opened holes, the area of right-side opened holes,
he area of top empty space, the area of bottom empty sdpace,
he area of right-side empty space , the area left-side of empty
space, he center position in X-axis, the center position in Y-
ixis.

R

Fig 1. The number of groups in each row inside Thai
characters
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Fig 2. the space of opened holes inside Thai characters
and the empty space of Thai characters

2) The extraction pattern of Thai characters designed by
Vattapon Tangsurakit
The extraction of this research composes of <32
sharacteristics, which would be shown below:
The characteristics from 1-to 5 indicate the horizontal
lensity shown in figure. The characteristics from 6 to 9
ndicate the vertical density shown in figure 3

AA

Fig 3. the indication of the horizontal density division and the
indication of the vertical density division
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The characteristics from 10 to 19 indicate the diagonal
lensity. The characteristics from 20 to 25 indicate the first
hortest row. The characteristics from 26 to-31-indicate the
econd shortest row. The characteristic of 32 indicates. the
atio between the width and height of the characters

10411 /)12 /13 /14

(a) fizst shortest row

(b) second shortest row
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Fig 4. the indication of the diagonal density divisionthe
indication of row wit and h the shortest length

III. THE TESTING PROCESS OF THE RECOGNITION SYSTEM OF
THAI AND ENGLISH CHARACTERS

A. The neural network recognition system

The number of layers in the artificial neural network
contains many significant layers like input layer, output layer
and hidden layer located between input and output layers. The
connections between each layer require the signal from nodes
in input layer, which would be sent to every node in the first
hidden layer and every node in the first hidden layer would
send the signal to the other layer. Eventually, every node in
the last layer would send the signal to output layer. Moreover,
input layer would not be responsible for computing the in-out
signals and distributing those signals into each mode of outer
layer only. In the part of hidden and output layers, there is the
computation-indicating the architecture of neural network,
which is composed by the input layer, a hidden layer and
output layer. Moreover, each node was linked together as a
network.

1) The architectural neural network of English character
recognition system

Because the use of 0-9, A-Z and a-z data, which are

accounted -as 62 characters, neural network was made and
composed by 46 values of input and imported to hidden layer
to obtain 20 values of output before the repeating computation
fo get 62 patterns

2) The architectural neural .network of Thai character
recognition system

Because the use of 44 consonants 16 vowel 5 tone marks
and 5 countermarks, which are accounted as 69 characters,
neural network was made and composed by 46 values of input
and imported to hidden-layer to obtain 20 values of output
before the repeating computation to get 62 patterns

B. Training Algorithm

Training “Algorithm is cthe method used to teach the
network and  balance between the values of weight and
deviation, which are closing to the answer correctly. In this
study, 3 methods of" training were used including Scale
Conjugate gradient, BEG Quasi-newton and the convergence
of gradient with momentum and the adaptive learning rate.

1) Scale’Conjugate Gradient

Martin [5] said that Scale Conjugate Gradient is a part of
Conjugate Gradient methods, which Conjugate gradient could
be able to obtain the answer faster compared to Descent
because of the primary searching of the route, but the
searching of the new route in each period has the complex
calculation and requires longer time. Thus, Scale Conjugate
Gradient is the methods used to reduce the time, which was
used in the searching for new route, and to reduce the source
in the calculation part. In other words, the general practice are
aimed to develop rate of learning while this method would be
used to find the scale of moving for each time. This method
could be shortly summarized for instance



1. Choose vector of weight w;, and scalar > 0, x; =0

Define : Pl =n= —E'(wl), k =1and sucess =true

2. If success = true, we can calculate the second details

o (0

6, = —

‘ 7.
S = E(w, +a,p)=E(w,) )

k O'k
5§=pls, 3)
3. Sealeg : 8, =8, 4\, -A)P 4)
8, =8, + (0, - P [ (5)
4. If 5,<0 then, construct Hessian matrix positive
defini
T sesea-2 s, ©
. FN
,Tk=2[xk—2 5"1] ™
|24 ]
S, ==8 + 0, [P Lx =1, (8)
5. Calculate the step size p, B a, = /;_A 9
k

6. Calculate comparatively the composition values
A =25k [E(wk)—E(wk)+akka (10)
) Hi
7. If A, > 0 then, reduce the error by:

Wi =W, +Q, Dy (1)
Ten =_E'(Wk+l) (12)
E= 0 ,sucess =true
71 If kmod N =0 - is the weight in network

equaling to 0 then the start with the new method
by giving p, + 1= r,+ 1. In‘other words,
kmod N # 0 is the weight ‘in network, not
equal to 0, construct the new conjugate direction
B, =|rl<+1|z “Heali (13)

Hy
Pra =ha BBy (14)

72 If A,2075 then, reduce.the ‘ratio, of the

composition; =%M And in other. words, A, <075

if cannot reduce the error &, =), , sucess = false
IfA, <025 increase the ratio of the composition A =4\,
9. If the direction of closing to r, # 0 then determine

k=k+1 and going back to 7. 2 but, the direction of
closing to answer 5, =0 to stop and the value of w ol

2 )BFG Quasi-Newton

[6] BFG Quasi-Newton or Newton Method is one of the
conjugate gradients which will find faster convergence rather
than descent. Newton method will estimate the value of
quadratic function by using linear function instead. This is for
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the purpose of finding minimum value of the function F(X).In
general the solution of finding the minimum value of the
function will use Iteration method. Newton method will start
from second Taylor series which will follow the equation

below. x,. =F(x,+ax,)

=F(Xk)+5;_AXk+%AX;AkAXk - (15)
Therefore Newton’s method equation is shown :
Xk+l=Xk—Ak—15k (16)
=i o =5 (17)
k

where 4 is Hessian Matrix

5, is Gradient Function

3.)Gradient descent with momentum and adaptive
learning rate (traingdx)

[7)-This method will use both the weight and the bias
values. These values were adjusted from the values of Mean
Square’ Error, which-are the values of target differences of
network’s output. The" compositions of network or the

parameters that-can be adjustedare ¢, or &; and W, These are

the target- purposes \of value adjustment, which require the
system to reduce the Mean Square Error E(n) and because of

the mse is the square equation, which causes the continuous
function of output and this output can be found differentiated
for every points. The best answer is the parameter which can
cause the lowest mse and can be-calculated by adjusting the
parameters-in the downward' directon followed the slope as
shown below:

¢ (n+l) =c (n)—chqE(N)

o, (n+1) =0,(n) -,V E(n) (18)
A S R

N /is-the learning rate, , where'V_ E(n) will shown the

gradient direction in the downward direction of slope E(n) and
this_value ' can be calculated from differentiating E(n)

compared to each network’s parameter. If the learning was set
to higher level compared to the calculated value (obtained
fromdifferentiate method), it will show the swinging and
unstable state, butif the learning was set to lower level, it will
take the-longer time to approach the suitable value . Thus, it
cannot tell the setting learning rate, but the suitable value
should actually be adjusted while it was processed. The
adjustment of learning rate should keep the learning size to
obtain the stable learning. The adjustment of learning rate
should consider the general circumstances too. If the learning
was high, but the learning result was quite constant, which
cause the addition of learning rate. If the addition of learning
rate causes the lower error, the learning will be reduced until
the constant error is obtained. Moreover, the demand of
practice has higher speed, which causes the use of momentum
to change the weight to be equal the summation of final
changing weight to desired weight. The size of changing



weight depends on the set momentum in the range of 0 to 1.

The momentum uses the theory of Low Pass Filter, which will

apply the symbol of constant momentum, n to filter the high

frequency out. These are the basic equation shown below:
Adapt BP from

wy (k+1)=w] (k)= (k) v}~ (19)
b (k+1)=b" (k)-as" (k) (20)
y(k)=ny(k-1)+(1-n)x (21)

To wy (k+1)=nw] (k)-(1-n)ad (k)y"" (k) (22)
b (k+1)=np" (k)-(1-n)ad" (k)  (23)

IV. EXPERIMENT

In the experiment, both accuracy and speed were tested by
dividing the learning into 3 categories including Scale
Conjugate Gradient (trainscg), BFG Quasi-Newton (trainbfg)
and the convergence to gradient with momentum.and the
adaptive of learning rate (traingdx).

TABLE 1. THE RESULT OF ERROR AND TIME WHICH TRAININGBY
TRAINSCG,TRAINBFG AND TRAINGDX

Regarding from the result table-above.it’s doesn’t matter to
the recognition. Whether it's English_or Thai language’ the
optimize value result from the three algorithms Wwhich are the
trainscg, traingdx and trainbfg) seemed to have aceeptable

outcome in terms of accuracy, “cenvergence ~valae) and
processing time. However from the. resulé table _trainseg,, was
giving the best result while the traingdx was)taking'abit longer
than the trainscg to get the convergence «alue. Lastly-the
trainbfg giving the worst result especiallyswhen having local
minima value in the train set of trainbfgrAnwexcellent)style
manual for science writers is given by Young [7}:

V. SUMMARY

This research illustrates the training processes of neural
network system, which composes of trainscg, trainbfg and
traingdx (applied to Thai and English character recognition).
The analysis and the measurement would test the suitable
convergent value, the precision and the speed in evaluation.
The results show that when the suitable convergent value was
tested, trainscg can be convergent earlier from the start while
the traingdx could not be convergent from the start, but it will
be convergent into the suitable value for other rounds. When
trainbfg was tested, this will get Local Minimum value at first
stage, meaning that it is too difficult to get suitable
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convergence. Like the precision comparison, trainscg has
higher precision than and the traingdx and trainbfg. For the
speed in evaluation process, trainscg uses shorter time than the
traingdx and trainbfg. Moreover, the training process by
trainscg and the traingdx show very close values of the
suitable convergence value, the precision and the speed in
evaluation. Therefore, both processes, trainscg and the
traingdx Adjustment, should be further developed and used in
character recognition compared to trainbfg because trainbfg
results lower precision, longer time and causes Local
Minimum.

In the future, we can choose both trainscg and the traingdx
in training process, which give high precision and shorter
time, particularly in classification and recognition of
characters. Researcher will be further develop to find the
characteristics affecting learning process, and then choose the
training process of the traingdx by adaptive momentum value
to. be precise.and use as shorter time as possible.
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Abstract— This research presents the significant
«characteristics used to extract Thai characters and shows
«the most accurate values after the extraction., This

research can be able to classify the extraction method into
3 sets including the characteristic extraction designed by
Chaiyakorn Yingsaeree , [1] and Nattapon Tangsurakit
[2}. Three methods could be combined and chosen the best
characteristics to compute the Wrapper Subset Evaluation
plus the searching of Greedy Stepwise. When-three sets of
data were obtained, Algorithms C4.5 (J48) will be used to
separate types of characters and find their accuracy by
using Cross-validation. The statically -hypotheses can also
be used to compare and evaluate the most suitable results,
which the accurate result obtained by data of set 1 is
96.80%, set 2 is 94.85%, set 3 is 97.29. 'When
characteristics of set 3 were used with the ‘methods of
Multilayer Perception, the highly accurate results can be
obtained around 99.20%.

Index Terms— Character Recognition, Neural Network,
character extraction

I. INTRODUCTION

Nowadays, computers play an important role in human
life for not only education but also employment purposes.
When lots of computers were increasingly used, the insertion
of data in various sources is the essential things for users,
which the later insertion of data had become. comfortable and
faster by using the character recognition system. Thus, the
development of the character recognition will be a part of
recent research to keep comfortable and faster life for users:

The character recognition had been developed and used in
many languages including English, Japanese, Chinese, Arabic
and other languages, which have high percentage of accurate
recognition. For English, the accuracy of recognition can be
obtained at 100%, but for Thai, there are 44 consonants, 32
vowels, 6 tone marks, 10 Thai numbers and 5 other marks that
can be combined all of characters to almost 100 characters.
Moreover, Thai characters have the complexity and familiarity
together with the difficulty of characters like zig-zag and
curve line, character head and the level of character. In Thai
character recognition, there is a system called the

characteristic extraction used to recognize different patterns of
characters which might not be essential for some types of
characters and have the effects on the accuracy of recognition.
To compute the characters faster, the reduction of character
numbers will be needed to reduce and eliminate the
characteristics for faster calculation.

Rajesh -Soni[3] compares the performance of Gradient
descent ‘with momentum & adaptive backpropagation and
BFGS 'quasi-Newtonbackpropagation of Backpropagation
Algorithm- in multilayer feed forward Neural Network for
Handwritten English-Characters of Vowels. The performance
analysis_of both Neural Network architectures is done for
convergence and nonconvergence. Different observations have
been ' considered for trends of error in the case of
nonconvergence. From the observation of the result, it can be
shown that-in the performance of these above two learning
algorithms with the training-set of handwritten characters of
Vowels, ‘there is limitation of -gradient descent learning
algorithm for convergence due to the problem of local minima
which - is' inherit problem of backpropagation learning
algorithm, Jaremsri L. Mitrpanont and Yingyot Imprasert [4]
enhanced two major processes of the previous work of the off-
line Thai handwritten character recognition using hybrid
techniques' of heuristic rules.and neural network system. The
result showed that the additional feature conflict resolution
rule could achieve the feature extraction rate of 87.85%, the
feature extraction rate of the specialized neural network-based
zigzag extraction could achieve 90.48% and the recognition
rate -of the neural network-based recognition which combine
both of the two proposed feature extraction functions could
achieve 92.78%. Yinggiao Shi, Wenbing Fan, Guodong Shi
[5] introduces the application status of the artificial neural
network technology in the print character recognition, and
then elaborated on the technology of Standard BP neural
network. By formula derivation, Standard BP neural Network
exists some defects in the application, and then we take the
approach by adding a momentum term to improve the
Network, and increases the training speed. Secondly, sample
of the improved BP neural network experiments, the results
show that the method of the number-character recognition rate
higher than the alphabetic characters, the performance of
convergence speed and recognition is better.



II. GRADIENT DESCENT WITH MOMENTUM AND ADAPTIVE
LEARNING RATE (TRAINGDX)

[6] This method will use both the weight and the bias
values. These values were adjusted from the values of Mean
Square Error, which are the values of target differences of
network’s output. The compositions of network or the

parameters that can be adjusted are ¢, or o, and W, These are

the target purposes of value adjustment, which require the
system to reduce the Mean Square Error E(n) because of the

mse is the square equation, which causes the continuous
function of output and this output can be found differentiated
for every points. The best answer is the parameter which can
cause the lowest mse and can be calculated by adjusting the
parameters in the downward directon followed the slope as
shown below:

e, (n+1)=c,(n)-n,V, E(N)

o, (n+1)=0,(n)-n,V E(n) @)
ij (n + 1) = W‘.’j (n)_ lev w,(IE(n)
7z is the learning rate, where V’E(n) will-shown 'the

gradient direction in the downward direction of slope E(n) and

this value can be calculated = fromdifferentiating E(n)
compared to each network’s parameter. If the learning was set
to higher level compared to the calculated value (obtained
from differentiate method), it will show the swinging and
unstable state, but if the learning was set to lower level, it will
take the longer time to approach the suitable value |, Thus, it
cannot tell the setting learning rate, but the suitable value
should actually be adjusted while it was processed. The
adjustment of learning rate should keep the learning size to
obtain the stable learning, The adjustment of learning rate
should consider the general circumstances too. If the learning
was high, but the learning result was quite constant, which
cause the addition of learning rate. If the addition of learning
rate causes the lower error, the learning will-be reduced until
the constant error is obtained. Moreover, the ‘demand of
practice has higher speed, which causes the use of momentum
to change the weight to be equal the summation of final
changing weight to desired weight. The size of changing
weight depends on the set momentum in the range-of 0 to 1.
The momentum uses the theory of Low Pass Filter, which will
apply the symbol of constant momentum, 1 to filter-the high
frequency out. These are the basic equation shown below:

Adapt BP from
Wy (k) =w; (-7 (D @
by (k+1)=b" (k)-as" (k) )
y(k)= my(k-1)+(1-1)x ©6)
To

wj (k+1)=mwp (B)-(1-m)a” () (]) @)
b (k+1)=nd/" (k)-(1-n)as" (k) ®)
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III. THE TESTING PROCESS OF THE RECOGNITION SYSTEM OF
THAI AND ENGLISH CHARACTERS

In the process of the implementation is divided into five
sub-sections, the data preparation. Feature extraction, Analysis
features. Measurement accuracy in the recognition of a set of
features and compare the accuracy of the recognition

A. Data preparation

Data preparation is the preparation of Thai words which
will be using for feature extraction. In each image will consist
of alphabets, vowels and some symbols. Each single alphabet
image consist of 20 fonts. In each font will consist of 5 sizes
which are 72, 48,36,24,18 and 16. The alphabet will be printed
on A3 paper with 300dpi resolution,

B. The extraction method used for recognition ,

1)The extraction pattern of Thai and English character
designed by Chaiyakorn Yingsaeree

The extraction. method designed by Chaiyakorn
Yingsaeree involves.15 characteristics, The ratio between the
width and the height, the ratio of black dots in figure, the ratio
of ‘edge line, the-number of rows composed a group of black
dots, the-average number of black dots in each row, the area of
top-opened holes, the-area of left-side opened holes, the area
of ‘bottom-opened. holes, the area of right-side opened holes,
the area of top empty space; the area of bottom empty sdpace,
the area of right-side. empty space , the area left-side of empty
space, he center position in X-axis, the center position in Y-
axis.

* @) ’ ®)

Fig.1 extraction pattern designed by Chaiyakorn
(a)The number of groups in each row inside Thai characters
(b)the space of opened holes inside Thai characters
(c) the.empty-space of Thai characters

2) The extraction pattern of Thai characters designed by
Nattapon Tangsurakit

The extraction of this research composes of 32
characteristics, The characteristics from 1 to 5 indicate the
horizontal density, The characteristics from 6 to 9 indicate the
vertical density, The characteristics from 10 to 19 indicate the
diagonal density, The characteristics from 20 to 25 indicate
the first shortest row, The characteristics from 26 to 31
indicate the second shortest row and The characteristic of 32
indicates the ratio between the width and height of the
characters
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Fig 2. extraction pattern designed by Nattapon
(a) the indication of the horizontal density division
(b) the indication of the vertical density division
(c) the indication of the diagonal density division
(d) the indication of row with the first shortest length
(e) the indication of row with the second shortest length

C. Feature analysis.

Feature analysis process will analyze the _important
features which will impact the accuracy of the recognition.
This analysis will find the important feature from data-mining
will use Wrapper subset evaluationstechnique. together_with
Greedy stepwise technique to /find the most effective
recognition feature set.

D. Accuracy measurement

It’s divided into 2 types; The-first type will'elassify using
C4.5(J48) algorithm with Cross. validation at-10 folds.The
second type will be classifying “using Wuitilayer Perceptron
algorithm which have to adjust-the values' of Leamning rate
from 0.1-0.6 and momentum values from 0;1-0.3

E. Accuracy comparison

Comparison of the accuracy of, the classification!, Data
sets, each set made by. The classification of data sets, each set
was repeated 10 laps around turns pale (seed)-used in random
data. New round of cross. validation to"‘determine ~the
confidence interval (Confidence Interval) —at rthe) 935%
confidence level for use by the Classify algorithm €4.5 (148)
with Equation.

X -t zz/Zn]\/—'<:u<¥+[112nl\/—_100(1_a)0 (9)

The compare the accuracy of Learning rate and momentum
which different is adapted vales by Multilayer Pereeptron.

IV. EXPERIMENT

To identify the key features that need to have goals or
definitions. Any level to qualify for the feature. In this
research. Is an important feature. Features that make the
results of the recognition accuracy than the accuracy of the
previous research, it is essential to evaluate the accuracy of the
recognition of two research Previous research first. To serve
as a target or norm. Be analyzed for the following features.

A. Results of the classification data set 1 and set 2.

121

The results are shown in Table 1, which shows the
average Standard deviation. And confidence intervals obtained
from the data sets in each series. The data resulting from these
calculations determine the precise number of 10 rounds and in
each round of calculations is that The accuracy of the
classification of data sets, Set 1 is greater than the Series 2 at
the 95% confidence range is from 96.75698 to 96.84686
which data sets Series 1 features 15 characters, so the goal of
the research is to determine a set of feature that is less than or
equal to 15, which then results in the recognition accuracy
than range from 96.75698 to 96.84686.

TABLE I. CLASSIFIED RESULT OF FIRST AND SECOND EXTRACTION

Accuracy(%) First _ second
1 96.7633 94.7826
2 96.8237 94,5169
3 96.7874 94.6014
4 96.7391 94,9638
-] 96.8478 95.2295
b ™ 96.7029 95,0483
7 96,872 94.7343
8 94.8792
9 94.7464
10 4532 94.8671
Mean %.a&iif; 9483695
STD \ 0.06390352 : 0.222526785
Cl 96.77-96.85 94.69-94.99

B. Results.of feature

The result of this selection from the Select Attribute affect
Thai \ chatacter - recognition.. by Decision Tree J48
Classification | ~and-adjusting 2 sthe | Threshold is a
0.01,0:02,07005,0.0075,0.002 5-respectively.

The results_have-shown-on Table 2 that the value of the
attribute with Threshold 0.005 count ably least important and
most aceurate ‘when classify.the Decision Tree J48.

TABLE I1./RESULDOF FEATU RE ADJL STING THE THRESHOLD 0.005

ratio between th
f top-o| @
e area of ri| op

thearea f amp

arizontal denslty 8
second shortest4
first shortest 5
second shortest 6

C.Comparison of the accuracy and processing time.

The results of this experiment. A comparison of the
accuracy and time processing between the Classify by
Decision Tree J48 with Multilayer Perceptron which the
attributes are used to analyze is the result of the Select
Attribute that affects the recognition that Classify by Decision
Tree J48 with the Threshold 0.01,0.02,0.005,0.0075,0.0025.
The results show that the classified Accuracy up to 99.20%, is
the use of Multilayer Perceptron that uses the Learning 0.3



and momentum 0.3 by using the selected features with
wrapper subset evaluation at Threshold 0.005 cooperate
Greedy Stepwise for search, which has the following features.

REAIY
ST

V. SUMMARY

This research was aimed fo/study the /characteristics,
which are important to recognize the precise characters., The
procedures of this research were started, by tesearching the
characteristics of other’s characterrécognize works including
the research of Chaiyakorn Yingsaeree -and the research of
Nuttapon Tungsurakid. Then, Start the cemputing. data by
using software called Matlab to-extract the ‘Characteristics for
constructing data set. This can-be done by divided the data
into three sets which ‘are [data ' 'set I (represents’ /thé
characteristics of research No. 1), data'set”2 (represents’ the
characteristics of research No. 2)and datd set 3 (represents the
characteristics of the combinationcof résearch No. " and No,
2). Next, measure the precision of.data Teeognition for. first
two sets. First set was measured by C4.57(348) ‘and~the
accuracy was measured by sing K-folds cross =validation,
Then, do the analysis to find the most important-characteristics
by screening the characteristics, together «with the—data
evaluation by wrapper subset evaluationiplus/Greedy Stepwise
methods. The precision also needs™“towbe ‘mgasured by
classifying the types and accuracy of data and the values were
then compared to the precision of data No. Tand*Ne. 2 by
comparing the range of confidence to find™=better
characteristics in recognizing characters. From experiment, the
results can be sum up that the important characteristics in both
researches are the screening of characteristics of 0.005
threshold, which composed of 13 characteristics and then, the
obtained characteristics was tested by classifying the types to
compare the accuracy of using Decisive Tree (j48) and
Multilayer Perception at 0.3 learning rate and 0.3 momentum.
The results show that the accuracy obtained was 97.27% and
99.20%, respectively.
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