a gy Y] d
‘i"IEN"Iu'J‘ﬂEJﬂ‘U‘lJETN‘iQI‘im

o 2V d‘ 4 a a
Iﬂ‘ix‘imﬁ!ﬁﬁuﬁﬁNﬂ’J"I%J!‘U@NIU&%Z‘H’JNﬂ1ﬂ’<l‘1inﬂ’<]ﬂ§§31ul%|ﬁ1!m$

AMABNY UM THNTIVAS T EUU

Tae

a w
U INTWHENA

Q

Az

1590157398 1a¥N A59.15045/001
T REAT LI T

1) 2545

a d ¢ a (v
AUSIAINTITUAITAT JWIANNTUNHIINYIAY
NFUNWA

WHATMEY 2546



141

Taseamsasuadennuden Jpaseriamadsianssu ey mawnsunig

av Y 3| P [ v =1 o w
aumsitonaziandulassns lniinesgua Inoldmsadayumsizmiuanudiny
o Y a Y v a
Tumsadwanudundddiumanssdavesdszma  wasnndsune Inedszauiuings

a ' = 2 kY a A 4 Y o ~
iwspgneoe g uns It wea. 2540 e limamskanliosfnnuiituvesniied waziinam

'
A o o A v W

A lumsuaty aamsnanedssmendirane wanduliaoudumsAny Ny

a

YNV Lazla U N I UMINALIUTeINAD81995 994

) :Jl dy =1 = a :Al (=} ;’f dy
guivu  Tasamsidadulasemsssezend 5 1 Sudwetlaudszuim 2545 Wil

] [ k4
Tasems lurrusudulufigdnuufidany  dedmumsusmsiams dumssolsznm s1e

a

azmamaﬂmqmﬁ%&ummqmmﬁmﬁaﬁumﬂmﬂwmgmuummqmﬁﬁuﬁmmﬁw

¥
=3

A ;Y Y Yo a ¥
gt i 1 veeTasams wdlugmedSuiareulasims Tdianegduunveslnsams

q

v Y

¥y v = 9 a ! awv 1Y
e q  wazidlalemaldyaainshauladaveoraue Insanisisedondisiu  laudadss

o 1Y @ J 1 ~ o @ o '
wilszinudwmsvagdusiiendemn - wdsznadmimdethuseassidudimounny

v

Aravity uazdagaldassfiannsodsumy nieaamuanumzay Fudedeo Insans
ag 1 L} a Y 1 Gt 9 U w A dy @ a
Wedeelvd 9 Adhsawlurisnanstendsanald  dusriidernnudugninaves
=) @ o ~ ' 0 a a o a a 4 d
Tasamsiivatedafe Srwauunanuiiwouns Swauineiinug wiedwandusiamiy
' & A g 9 1 aw =] < ° P a Ja
duniiavedlasamsntudaisditelulasams  wazdusamsany  uudalszangig
Uszinnesamnnsiuozaendnnd  Swaulnsamsuaziudsznaiaunuanmaensu  uay
0 a a w o Y d" apa a o A & A A RPN
Smaudnsias dmsnlasamsiluda 1 Insduduauduiimelved s WoRasan
9 v i
nndafidta  Fedewenguangdsaan  mihidsedilasans  aeeasuildauay

Tadia At wminfdaieidoues Insensdosais

v

AVFIY INTWUTND

B



TreuIToRT Ty ol

TasamstaSuasan e ulasser119ma v 3an3 sy Wi ez orunisgiy

o w a o ~
MIdsuazia Uszdauilseana 2545

1 'q./ a a a a 4 s 9
D wihgnuiiuAavey  malimnssu i auzdmnssuman’ poasnssiumiineds

21’ o d‘d 1 A o v a w T @ a a
2)Tﬂﬁmﬁmﬂuiﬂﬁmﬁﬂumm‘nuuanmmamm VIHMDNFUUASHUITIIUTIITIVND

[ o

o a = o L4
3) AMZAUHUNTT :’QJ‘\]U TIIMTANIIVITY AT TUNY IASHUTND

o a S P 1 A A a 9/
ﬂfmmiﬂﬂ]ﬂ’J‘Iﬂ’Jﬁ’JﬂSSSJVI,W‘%WlfTH‘l% HASHUIUIUBUNINGIUD

Y Y

Wmthieiuayuaiua q

ey s

1nISoiRuaT uazdeoiv

9y
a o

a o Y aa 4 §
4) ﬂﬁzmﬂmmamai}u “Y]NHJ’J@]EJ‘]JS%Uﬂﬂ uamm’mﬂﬁugm

£

o

5) MUINAMIINTgE @3 Ianssy WY wazeaduifondes
6) MdfgyUsarspafiiin1T3Idy KNOW-HOW , INDUSTRIAL LINKAGE, APPLIED RESEARCH

7) mmﬁﬁzyxm:?'mwaaﬁq;mﬁﬁmn‘i%’u
nnmsfidsamalszaunngingamansgivoiieguuss gl wet, 2541

wazmsituiadiu Wededdnin  uiinsosuilln dunalugjaunanilafe

mAgaamAssMIHanveslszma Insniaunaussianuisznn  KNOW-HOW fifluvos

o o 19 a

. ¥
AULBY LﬁmiJ1ﬂmﬁmaﬂ%umamu"lmﬂuiﬁ'mmmﬂmmJmsma%uua:wwmamq%Nm

17

14
a K ot a 4 o

a o al oy 4 Y ' d'
ASTUIUMSHAALAE AUMANGaTu LA uMSFB AN S 0 T Ut 191AA 1T ZIne HanTENUR
a - v av & 2 Vel o ° ae | ta
AanufenuvIauAauInItoeuna esnAnsnuaraulanziinuiveluiiusagele

(=1 9/ Y 0 v ' Y Y g o
waz limuanudiamihlunmsiiaulumaensudiulvgsradasd uiueioisdiu
aofumsine uazvediusgihnuegluaetsame duin aofumsinundynaing il

) a o o ° aw g [ a K PR o
ANUFANUTINITONIIPING ll“lJ'igﬁ"UﬂWﬁmiuﬂWﬁV]WQWN'J%UL“[JN@EJN@ WAITL 11J3J'U°V]'UTV]



uaziidusmlumsiidelszyndndeandesfunuAe INIsUININGATIMATIY AaBATUI

9 a 1:5] 0 a v aw 49 9 a
HUINI uLL"HﬁQNEWILLﬁz‘E]f‘lPjuuﬂ'l%UL@]?JL'JﬁﬂﬂﬂUﬂWﬂL@ﬂ‘UN

(v J
8) IngUszasnvaslasanis
Ay % Y Yo
8.1 1eas1994AnIN sz KNOW-HOW lHfuningamivnssy

A 9 v Aaw g
8.2 NI INUNIVLANLIAN

A b <1 1 Yo e [ % =2
8.3 LWOfTiNﬂ'JHJLL“lNLmiﬂ"l’iﬂ‘U\ﬂu'J%UNﬁ&"WﬁluﬂuﬁﬂWUuﬂW‘iﬂﬂ‘H1

d " @
9) Uslemninaaaney 145y
Yy ¢ Vo A aaw Y
9.1 lapefinnuinendnitas la
9.2 1nanNuEeN ToawasaANs Mo sEIeamTuMsAnELazmM A AU I HAIHA1 9

) =] a o ° a
9.3 yAans luandumsanyl lemauyulsgerumsailunsinuesenn

NMAYATINNTTU

Yo aw o
9.4 1din3Iduauna
1 Q' by [P
10) HANIENVUADAUINGON Tad)

1 y © a o d [
11) wihgnuieziimaIdelilgdsslowy MAGATINNTSUAN 9 MoTut)szine

12) s21iay3nIve
121 dsznesuadas Insems Nounynainsveesnindsnisnssy luih
122 yamnsvesmadnimnssu Idihfiaulidamlasemisiaue
123 W9sanaNuMzauued1nsIng tazdalsznnveslasems laohe1suna

SulasemsituullduezasennusuilofUntsnuMoUsn nSdnIanIue

a ‘;’
dulnsamsiSoiugu
124 WINADUSENENBULETTS onU0usT tazsTIamAe Aauleadiennu

¥ ¥ v
S0 WS BUMIATHUALLINIANNT WiBLazdenes wilonu Nai ld

14 14

' 3
= Y o A

aoandenulnseims WA UTUABUR 12.3 1d1 NelduasuiiseinIA i ums

26190011109



125 severaus Insansdesudas 1nsan1s N ato MU T RIS

126 dawssuyaainsdmivuaas Insanstesfiniumsoyda ind uiiunis
127 Suduiiumstulunsaz Insanmsgey
128  fmsnageuuazaynadmivusas Insinisdoy
129 famsenuativauyssidmsuudaz Insansdes
a a a  a Jal :1, aao & A ;’f a
1210 FunszuumsRaraadunfdutuneunsIte e 1d T unoumskis

FIWEBE

13) YO VIUAUDINITIVY

9 a o @ a o o 9 Y a o 7Y Ao o a
13.1 ﬂuﬂuﬂWi')ﬂULszﬁNuWNaﬂﬂmm ﬁ]zﬂﬂ\ib],ﬂNaﬂﬂmm‘ﬂullﬂu‘ﬂﬂﬁﬂﬂﬂ]ﬂiul‘]ﬁ
a o
WIUHY
by a 9 3 a d'd a a a d?'
13.2 ﬂ]Lﬂuﬂiz’U')uﬂWiNaﬂ ﬂzﬂﬂﬂqﬂﬂizuquﬂ75Naﬂ‘ﬂllﬂﬁzﬁ‘ﬂﬁﬂ’]WlWll"Uu REPVRPRY!
b a 4t
W wandaiiiguoinldunasgiu
3 aa 4" 3/ =1 ' a o =} [l
133 mnd]mmntmugm ﬂ@QNNaQ']‘HlNUlLWﬁquﬂU‘ﬂﬂ')’m'ﬁU HagHIDUUNAIU

Usinglugdinndinusvesiudiafidiugdaoise
14) szpzamsivg - 51

15) UHUMIAUHHOIHNEIUIN

k4
s

v
° [ o 9 aa a s a
151 fvusuazdadeniidenuitonaziamn 16 Tnsems I lasamsisenugiu
uazInsinsidvdszgna 1dun

a o P a o
15.1.1 MsWawms 3 Sawiedounw Tnouuvesu laivuasuiuaeiwam

p=1

15.1.2 NM51&01A0N1940IN AUz UU Insfwsindoungai

a

15.1.3 szuuiiiduayadeiiiosn Inouyadmdnivinalng

15.1.4 Moo mAsensoz: msan¥msadiadindy

15.1.5 3msUszdiueguosginsal li laverdomsnageus e

15.1.6 Mswau Tsunsumsidns Wadyauda leauinasgiu MPEG4 e

s

° 3 9 @ a
'Lﬂln(l‘])' QWHiuﬂ?ﬂ"UWSHﬁL‘ﬁQ?ﬂﬂ

q



15.1.7 MIANY AL NAINTSUIUMSIAEL00AT AT YQI0 IR 1oamuIAT§IU
~ [} - [l q 9 .
MPEG4 o auuszuunsedofeans 15eu
v @ & a o
15.1.8 Msvsadganuazioumaivudolianiunisel Double Talk Tusguunis
AU Uaes 1o
9 a o [y . . 14
15.1.9 M3er3 1995929955095 UM TAL Uy Least-Mean-Square Uszinn sign-sign A1Y

FPGA

b4
A @ '

15.1.10 MSHAUSEUULAz AT IAA WU UT N B1AZA DY TBAYDITZUY
RCPRLAN
=) o o r'd 9/ g -~ T
15.1.11 Msfnyuuudiasmuntiamansvesvoyademsumniodisly
Usznealng
15.1.12 Tdsunsusiansseuu Insnaunln
15.1.13 mydszanuamduvivetanitindsunaloiinsoauadsn
15.1.14 Msdsziulssaninmdmsu lasaeie TCP/IP a0
o @ o 9 A v ] =y p=1
15.1.15 M33souazesnuuuiaaunsesiane i aiia TOU nuuwaiden
15.1.16 M3 ns1zHYoAoneInaug s 19laq uuUszUIL E wagszuiu H Aag
ad C=Y=] CAA ar =Y r'd a d o
35 1 ludad Aud s i umanau1a1s s ¥39
t 1 o o o o dl s I'd H
152 uAaglasanisdosdaiunuduiuau fszy Jagilszaen Auaesilym veuiua

[ o

oY Y ddyw 3 dy Yar =1 A Y b
AN ARBINTT nazawtid e el v lasens lASuanutureunsonanau 1
0o A L= 9/
AUUUIUTENINT s TuIunY
ar -3 = 1 s J 9 9 1
153 deasslsznuduiiuanuludmvesiaauazaldaosliuaaz Tasanis
3 o ] ae 3 o 1 ] a o 3 4
wSennadmaudrivilonuuuauiawaziwa ludive wWmeiseiu ive
anunassiuazdanguiunsiiou melassmstmuauanseudasiiuaay
1 Y 1 [ 9t aw y.;’,' a A
Tnsansdeo uaz 1duaay Inssmsdosdamdernise ldnauuiaunawaznSouuy
¥ ¥ ¥
Y1981 Manstusudssna e ssunissanisdnyusil

154 mstwmasuunudrsiie medassmsdimualiiniseiuiaseuusas

b d
s o a A

Tasamstosswiudyisitoiaiinenumsdiaaugadudeudaldiulasinms
' Yar a 1 o A ::
Aou1dsuRumesuumulszddonsiu 9
« =) Yo o ' ¢=ld v =1
155 Tuszunetlswdsesna dsureweuvedlasinisdeslaninisanasniiusivile
3 k ¥
funissnumeusniaziosuudinnuionlesdyulnsinsieiu q an19ase

uaw?mmé’au ’\]8&]}8\1Z’flxﬁZ’?WL‘HWL@ﬂﬁ?ﬁﬂ?iﬁﬁﬂWN%}ﬂﬂﬂaﬂﬁIﬁU‘ﬂNiﬂ‘i\iﬂﬁ



15.6

4 a o a 19 v o P=} va
LﬁENMﬂ‘VINIﬂNﬂﬁli1lﬂ1muﬂ1§fﬂ‘lﬂﬂ’ﬂﬂ1'ﬁuﬂ %Ql!ﬂﬁ“ll@@‘l{ilﬂ"llmﬂ

Qw v a Yo o Y L4
szoznan 1 Fugaimouiunou 1 2546 uaz ladaswanuativauyseisiuues
& o ' P v o Y Yeyd Wy y
1nsams neduelassmsdesenniimsaasilugdsisnuanudrmnia 1 ld i

Lfluiﬂsqmsszazan

16) aguAinmIsy  nndwdieanssu Wi nazusimenyunsulns s

17) AN IHIveInsInNg

14 . 3
Tﬂiﬁﬂﬁuilﬂ’ﬂlIﬁW‘IstﬂUﬂﬁﬁWmuﬂﬁﬂtﬂ\ﬁﬂﬂ Lsumsmmsﬂnm’fagauazmmfmm

Y o ey : 1 Y
Wl lunmsdfiasuduneuas q 1dun

k4 v
s 13 gt ° '

MIFWIUNTIAF AT A UNANLNTLUIUMTHAZIONATNAD AN MaNA1 1910

Q

]
oA v

sudssanaudududnd Fimatumanidulassmsmme i tnadsyaed
sazidhvineFanulumsadeanuswiledunaenas
mssavsgmanisduiiadn llszine 6 ou iesmnatszunuiisaass
Wiy Iasamsfifutszmngavyuin ) usglunyvesszmamsiuiiie
UftiaezseysoazBomilusionisas q Humglidesdimsanudiledy
theusws mihsam wazidndhi oo e iianudh lefins afut
Usemadanarudhuisanaaslfsiunuimnienms 19wy zanalumiadig

q delumalfiderniims Idueudszinudummialdedndosdin

¢ Yy 9 cv U ° =Y a 4” cv e r'd &£\ o Ay
VINANTUAIFIVNAUAINGT NMITANUUUNTTIAFDIANIATNUNYNTIINIT liiasadu

[} 9/ A o dy v o P dy Y a0
Tugedu@endquioy w.a.2545 1 o1 lsnanu ifleaninTasamsiilsznoudasInsamsidvden

14 14 3/
$ruauwn el erafivielasenisdes lagnonidnneuszduiums hudouiiguion sni

d' =] dy 9 U 1y U ° =Y a o - Yy c’i ]
Wiosnnmsanyudesdu wui liduarlunmsduiiunsise nSedszavilymaudu tenwug

[~ 1 a a ' PRI a 9 o & A
9591 usBoNsNEN) Hoel IATINTIRUMNAWDILITIUIUKTI 1T19991NF VBBV

v ]
Tasamstidesns Iinaanunassdrlumsadennuswidoturiisunousn 1 laise

[] [ v k4
seyseoznmiinenluesniuenyu nazlivielasinsgesninisisudulumsauainou

v 1 3
ATINN W.H.2544 Lﬂﬂﬁ%WﬂlﬂuiﬂiﬂﬂWiUE]U‘V]lIﬂﬁ’CTTLWIENTLl’J%ULﬂlI'E)ﬂ“/lxillﬂﬁl%iiﬂﬂ‘m@ﬂ‘If‘u'LIN

swnouldsudaasseudszuin wu Tasenisdeonisisudoaya Tnsanisgoonisds

a1oiio@ouniyi ne Tasenisdesnisdszulanadyaisianmd sauuds Glasanisoeoi



ANHUMITY 590 16 1A3aNS waziianusndefumirsnumouend i sIasans yam
v
Uszm 9.57 v Al
dl v ar o d' d‘ d' 9 as o
17.1 MsFounon190INIAvesszY InsAwiindouiyad 4 (lasumsmivayunn
= ] a o o o
enu lugduuy ludusuysznalaonse 154 D5EN Gilat Satellite Networks (Thailand) $11i@
IR5vynminsheglulasainmisgesss 9 Wiiumseusuivaiulnswiofemsiiuainiion
$1u2u 5 Au Andlugyaitlsyuning 200,000.- 1)
o ] Y o a I's 1 a o
17.2 sznuisndoayansiiiosnu Inouvugadidwivina lug) (6 uumnnuiem
@ 9/ a ] a
SUN SYSTEMS uaziimyatnuludaanmsalawetayaniiuauvusidaiiisninmaimn
Frmnssu i wazensugdyg (WSEnmmsodu Inlide $1d0) Weneudenny w.e. 2545)
173 35 msilsziiuerguesgilnsel Wi lagedomisnaaouiss (3avlugidsvesyanm
sz 5 viluumanuTem Inemyd waziimsasanezdailnsaimsmevesums afuayy
' :: d" Yo o =Y aw a 1 kY Y Y =} A Y g ~
wilszmaae 11 Well ldTnsduiumsites wiuaremi lUdhauds vasiinnuavntuiun
:: ] 3 '~ L} [={ ~ 1 yd
welana 2 fho Bnvialatinwanasedis idunemsneelslasemsdesiidudunuy
@ o 4 [ v 1
Ysenduiug Itensuswdudrs i lnsamsaiennusiuidons 1)
17.4 M3er$ 19939299505 09U5 U 1RUDY Least-Mean-Square Y5210 sign-sign 20
FPGA (1.17 311" 910 a¥n2)
a o s 9 A a ] a ~ = o
17.5 M3 vsuareenuuuiaairanissianiae Ivhwile TOU tuueded @i
g iuns Idvhunsvanludownwou w.a.2545 szoznaduiums 2 1 wiszinusiy

2,200,000.- 1 N)

18) M33ANINIefiuIawazHI8IDY

Tnssmsa WdilaTemalidsuAaseniasandadrninIfudunaasviedernisonu
Aamzan TasfinsananySusay sseznatiidessuiduns uasndanansedhnmoves
Tasens TaomAvazedh | 12 audeTnsams uasfunufivzdiuiu 2 §1 3 ausslasemstu
oA tiielasemsdosusaz Tasansimssuiumsfumtehuaudaiazdfnen miteg e
Tlganusienuenasuldedrudugiluuy Wail o Fuideufuoiou n.a.2545 malasansd
msdadaindsunasdsaoifedad

18.1 ¥n 3T o una$uau 6 510 uaiu

v aw o a |1a
-iInMduRunan@lsyy1n 4 swua



v Aaw

o a A a
- UnIuaunaanlsugag 2 510

18.2 452033089 31 510 wjady

- Q907907815 e 1n 4 519

R

e e

FNAlS g as 27 510

e

Yy ¥ 14
(Y K2 o @

el szeznanlums$dududnvazou viemwnnuanasszniedsulngey
' o aw o Y X% o @ d'
Insamsooouaziinsounaazsefso3so uaz lueuinanialasansa Mdsnuwuieg
v 1 v aw o 1 aaw 1
TimsiSudasmneuunininidomunm 4510386 sazidmihhvealasams aw

Uszaumssi lumsdfiaaunes Idaeandesiudas usuile

19) Yeyyamslynrsutl sz
Yar ar [ =Y P=1 F
nalasanmsa 1&suendlseummivayunnspdiubu 10,000,000.00 v Hns 1910
wilsznulumuienie g duge u Tui 30 fusou w.a.2546 WU 1IN 9,992,317.39 UM

b4
AUYAD 7,682.61 1M LT wazduaail

19.1 nuaangius Snssade 17 semsdiuiy 5,199,595.81 UM
19.2 nuaa I9aes 1 emsiiuty 199,786.12 L%
19.3 v Yaq Wudu 1,599,935.46 1M
19.4 HUIAAIADUUNY 2,993,000.00 VN

Y

- inddudunal uazdaio3ds 59w 37 510 2,897,000.00 U

- $mhAlse$ 1asams 1510 96,000.00 UM

20) Wanraf 15y
20.1 Yiouehn
20.1.1 sEAuquRTuda §119U 1510
20.1.1.1 Mr. Visarut AHKUPUTRA “An  Acoustic Study of
Syllable Onsets: A Basis for ThaiContinuous Speech Recognition System” Ph.D. Dissertation
20.1.2 sEAUUMITUNA 1IN 12 519
20.1.2.1 Mr.Seree  WANICHPAKDEEDECHA  “Interference
Car’ik:'é]lation for Multi-code Multirate DS-CDMA Systems using Biorthogonal Scheme on High-

Rate Users” Master Thesis



20.1.2.2  Mr.Choosak =~ ARCHAVAWANITCHAKUL  “Hybrid
Interference Cancellation Receiver Using Adaptive Weighted Threshold for Multicode Multirate
DS-CDMA Systems” Master Thesis

20.1.2.3 Ms.Nattaporn RASRIKRIANGKRAI “An Application of
Adaptive Filter for Biorthogonal Multirate DS-CDMA Receiver” Master Thesis

20.1.2.4 Ms.Hatairat KORTRAKULKIJ “Improvement of Bit
Allocation for Implicit Region-Based Video Coding” Master Thesis

20.1.2.5 Mr.Thaveesak SAPPASITWONG ‘“Asymmetric Diamond
Search Algorithm Using Adaptive Search Center for Motion Estimation” Master Thesis

20.1.2.6 Mr.Rud BUDSAYAPLAKORN “On-line Thai Character
Recognition Using Hidden Markov Model and Fuzzy Logic” Master Thesis

20.1.2.7 Ms.Sujanya ARTNARONGKORN “Robust Fine
Granularity Scalability Using Leaky Prediction for Low Bit Rate Video Coding” Master Thesis

20.1.2.8 Ms. Jirapa SONGTHANASAK “Parallel Interference
Cancellation Receiver with Adaptive Frequency Offset Correction for Multi-Carrier CDMA
System” Master Thesis

20.1.2.9 Mr.Jetsada KARNPRACHA “Robust Thai Speech
Recognition Using MFCC of Noisy Speech Autocorrelation” Master Thesis

20.1.2.10 Mr.Nattapol AUNSRI “Noise Robust Feature of Thai
Speech Recognition Using Adaptive Noise Reduction Technique” Master Thesis

20.1.2.11 Mr.Piti Lekuthai “Estimating Location of Mobile Station Using
Neural Network” Master Thesis

20.1.2.12 Mr.Choopong Cholpanaruk *“Congestion Control Scheme

Analysis for Satellite TCP/IP Networks” Master Thesis

20.2 UNAY
20.2.1 TunseyguImmMsszAUIIINATINIY 25 UNAY
20.2.1.1 S. Aramvith, H. Kortrakulkij, D. Tancharoen, and S.

Jitapunku, “Joint Source-Channel Coding Using Simplified Block-Based Segmentation and




Content-Based Rate-Control for Wireless Video Transport”, Proceeding of International

Conference on Information Technology: Coding and Computing (ITCC) 2002, Las Vegas, April,
2002, pp. 71-76. [ORAL]
20.2.1.2 T. Sappasitwong, S. Aramvith, S. Jitapunkul, A. Tamtrakam,

P. Kitti-punyangam, and H. Kortrakulkij, “Adaptive Asymmetric Diamond Search Algorithm for

Block-Based Motion Estimation”, Proceeding of International Conference on Video/Image

Processing and Multimedia Communications (VIPromCom-2002), Zadar, Croatia, June, 16-19,
2002, pp. 283-288.

20.2.1.3 W. Asdornwised, and S. Jitapunkul, “Simplistically Universal

Lossless Image Coding using Integer Wavelet Transforms and Space Filling Curves”, proceeding

of IEEE International Conference on Systems, Man and Cybernatics, Hammamet, Tunesia,
October, 6-9, 2002. [ORAL][CD ROM]
20.2.1.4 C. Archavawanitchakul, S. Jitapunkul, R. Kanchanawat, S.

Kunaruttanapruk, S. Wanichpakdeedecha, and N. Rasrikriangkrai, “Novel Method of Adaptive

Weight Factor Determination for Partial Parallel Interference Cancellation Receiver in

Multimode Multirate DS-CDMA System”, Proceeding of the Second International Symposium

on Communications and Information Technology (ISCIT2002), Pattaya, Thailand, October, 23-
25,2002, pp. 13-16. [ORAL]
20.2.1.5 P. Kunaboot, W. Asdornwised, and S. Jitapunkul , “Automatic

Thai Speech Recognition over the Telephone Network: An Ensemble Approach”, Proceeding of

the Second International Symposium on Communications and Information Technology
(ISCIT2002), Pattaya, Thailand, October, 23-25, 2002, pp. 128-131. [ORAL]
20.2.1.6 H. Kortrakulkij, S. Aramvith, and S. Jitapunkul, “Region-of-

Interest Based Rate-Control for Low Bit-Rate Video Coding: An Analytical Approach using

Automatic Enhancement Weight Setting”, Proceeding of the Second International Symposium on

Communications and Information Technology (ISCIT2002), Pattaya, Thailand, October, 23-25,
2002, pp. 384-387. [ORAL]
20.2.1.7. W. .. Asdornwised, and S. Jitapunkul, “Babil.earn: An

Incremental [earning Approach to Neural Network Design”, Proceeding of the 2002




International Symposium on Communications and Information Technology (ISCIT2002),
Pattaya, Thailand, October, 23-25, 2002, pp. 487-490. [ORAL)]
20.2.1.8 T. Thongkamwitoon, W. Asdornwised, S. Aramvith, and S.

Jitapunkul, ”On-Line Thai-English Handwritten Character Recognition Using Distinctive

Features”, Proceeding of Asia Pacific Conference on Circuits and Systems (APCCAS 2002),
Singapore, December, 2002. {Bali, Indonesia, October, 28-31, 2002.} [CD ROM]
20.2.1.9 W. Asdomwised, and S. Jitapunkul, “Simplistically Universal

Lossless Image Coding using Integer Wavelet Transforms and Space Filling Curves”, Proceeding

of 2002 1EEE Asia Pacific Conference on Circuits and Systems (APPCAS 2002), Singapore,
2002. {Bali, Indonesia, October, 28-31, 2002.} [CD ROM]
20.2.1.10 S. Wanichpakdeedecha, S. Jitapunkul, R. Kanjanawat, J.

Songthanasak, and K. Wutthipornpong, “Groupwise Inteference Cancellation for Multicode

Multirate DS-CDMA System with Biorthogonal Modulation on High-rate Users”, Proceeding of
9th International Workshop on Systems, Signals and Image Processing (IWSSIP’02), UK. or

England, November, 7-8, 2002, pp.132-140. [ORAL]
.20.2.1.11 S. Kunarattanapruk, S. Jitapunkul, and C. Archawanichakul,

133

Code Selection Scheme for Multi-Carrier CDMA in Correlated Fading Channel”, Proceeding of
9th Intemmational Workshop on Systems, Signals and Image Processing (IWSSIP’02), U.K. or

England, November, 7-8, 2002, pp.147-153. [ORAL]

20.2.1.12 E. Maneenoi, V. Ahkuputra, S. Luksaneeyanawin, and S.
Jitapunkul, “Acoustic Modeling of Onset-Rhyme for Thai Continuous Speech Recognition”,
Proceedings of the 9th Australian Intemational Conference on Speech Science and Technology
(SST-2002), Melboume, Australia, December, 2-5, 2002, pp. 462-467. [ORAL]

20.2.1.13 W. Asdomwised, and S. Jitapunkul, “Multiresolution-Based

Committee of Networks: A Bayesian Point of View”, Proceeding of The 2002 IEEE Intemational

Conference on Industrial Technology, IEEE ICIT’02, Bangkok, Thailand, December, 11-14,
2002, pp. 643-648. [ORAL]
20.2.1.14 K. Kiratiratanaphrug, S.Kunaruttanapruk, R. Budsayaplakorn,

and S. Jitapunkul, “Segmentation _of Thai Handwritten Using Heuristic Method Based on

10



Distinctive Features”, Proceeding of the 21st IASTED International Multi-Conference, Applied

Informatics, Innsbruck, Austria, February, 10-13, 2003, pp. 200-204. [ORAL]
20.2.1.15 S. Chompun, Y. Yothinsumpun, D. Tancharoen, and S.

Jitapunkul, “Performance Evaluation of Multi-Pulse Code-Excited Linear-Predictive Coder with

High Pitch Delay Resolutions Technique Over Additive White Gaussian Noise and Rayleigh
Fading Channels”, Proceeding of The 2003 International Conference on Information and

Communication Technologies, ICT 2003, Bangkok, Thailand, April, 8-10, 2003, pp. 71-75.
[ORAL]

20.2.1.16 S. Artnarongkormn, D. Tancharoen, S. Aramvith, and S.
Jitapunkul, “Robust Fine Granularity Scalability Using Leaky Prediction for Low Bit Rate Video
Coding”, Proceeding of The 2003 International Conference on Information and Communication
Technologies, ICT 2003, Bangkok, Thailand, April, 8-10, 2003, pp. 132-136. [ORAL]

20.2.1.17 D. Tancharoen, P. Rattanakamonporn, S. Chompun, S.
Artnarongkomn, S. Jitapunkul, “A Comparative Study of MPEG-4 and H.263 Video Quality

Based on Rate Control for Low Bit Rate Video Coding”, Proceeding of The 2003 International

Conference on Information and Communication Technologies, ICT 2003, Bangkok, Thailand,
April, 8-10, 2003, pp. 137-143. [ORAL]
20.2.1.18 D. Tancharoen, H. Kortrakulkij, S. Khemachai, S. Aramvith,

and S. Jitapunkul, “Automatic Face Color Segmentation Based Rate Control For Low Bit-Rate

Video Coding”, Proceeding of The 2003 IEEE International Symposium on Circuits and
Systems, ISCAS 2003, Bangkok, Thailand, May, 25-28, 2003, 11384-11387. [ORAL][CD- ROM]
20.2.1.19 W. Asdornwised, and S. lJitapunkul, “Automatic Target

Recognition Using Multiple Description Coding Models for Multiple Classifier Systems”, 4"
International Workshop, MCS 2003, Guildford, UK, June, 11-13, 2003, pp. 336-345. [ORAL]

20.2.1.20 P. Charnvivit, S. Jitapunkul, V. Ahkuputra, E. Maneenoi, U.
Thathong, and B. Thampanitchawong, “Recognition of Intonation Patterns in Thai Utterance”,
Proceeding of 8" European Conference on Speech Communication and Technology: Eurospeech

2003, Geneva, Switzerland, September, 1-4, 2003, pp.137-140. [POSTER]

"



20.2.1.21 S. Jitapunkul, P. Charnvivit, V. Ahkuputra, and E. Maneenoi,
“Performance Evaluation of Phonotactic and Contextual Onset-Rhyme Models for Speech

(3]

Recognition in _Thai Language”, Proceeding of 8" European Conference on Speech
Communication and Technology: Eurospeech 2003, Geneva, Switzerland, September, 1-4, 2003,
pp.1841-1844. [POSTER]

20.2.1.22 S. Khemchai, D. Tancharoen, S. Chompun, and S. Jitapunkul,

“Content Based Object Segmentation Using Baysian Decision Technique”, Proceeding of The

3 International Symposium on Communication and Information Technologies, ISCIT2003,
Songkhla, Thailand, September 3-5, 2003, pp.411-414. [ORAL]

20.2.1.23 P. Sa-nguansat, P. Yanwit, P. Tangwiwatwong, W.

Asdomnwised, and S. Jitapunkul, “Language-Based Hand-Printed Characters Recognition: A
Novel Method Using_Spatial and Temporal Informative Features”, Proceeding of 2003 IEEE
Workshop on Neural Networks for Signal Processing: NNSP’2003, Toulouse, France,
September, 17-19, 2003, pp. 527-536 [POSTER]

20.2.1.24 R. Budsayaplakorn, W. Asdormwised, and S. Jitapunkul, “On-
Line Thai Handwritten Character Recognition Using Hidden Markov Model and Fuzzy Logic”,
Proceeding of 2003 IEEE Workshop on Neural Networks for Signal Processing: NNSP’2003,
Toulouse, France, September, 17-19, 2003, pp. 537-546 [POSTER]

20.2.1.25 Thirapiroon Thongkamwitoon and Supavadee Aramvith, “Design
and Performance Analysis of MPEG-4 Based Video Conferencing System,” International Conference
on Information and Communication Technologies (ICT) 2003, Assumption University, Bangkok,
A p r i I 2 0 0 3

20.2.2 lufidssyussfumasman 6 unaay

20.2.2.1 N. Rasrikriangkrai, S. Jitapunkul, S. Kunaruttanapruk, C.

Archavawanitchakul, and S. Wanichpakdeedecha, "Blind Adaptive Decorrelating Detector PIC

in DS/CDMA Systems", Proceedings of 24th Electrical Engineering Conference, November,

2001.

12



20.2.2.2 S. Wanichpakdeedecha, S. Jitapunkul, S. Kunaruttanapruk, C.

Archavawanitchakul, and N. Rasrikriangkrai, "Multicode Decorrelator Multirate DS-CDMA

Systems", Proceedings of 24th Electrical Engineering Conference, November, 2001.
20.2.2.3 P. Kunaboot, W. Asadornwised, and S. Jitapunkul, “A

Comparative Study of Best Recognizer Selection Approach and Ensemble Approach in

Automatic Thai Speech Recognition over the Telephone Network™ Proceedings of 25th

Electrical Engineering Conference, November, 2002.
20.2.2.4 P. Tansongcharoen, R. Kanchanawat, J. Songthanasak, S.

Kunaruttanapruk, and S. Jitapunkul, “Performance Investigation of Interference Cancellation in
Multirate Multicode DS-CDMA _Systems”, Proceedings of 25th Electrical Engineering

Conference, November, 2002.
20.2.2.5 S. Aramvith, H. Kortrakulkij, D. Tancharoen, and S.

Jitapunkul, “A Comparative Study of Improved Face Base Rate-Control using Predefined and

Dynamic Segmented Face Region for Low Bit-Rate Video Conferencing Applications”,

Proceedings of 25th Electrical Engineering Conference, November, 2002.
20.2.2.6 R. Kanchanawat, S. Wanichpakdeedecha, J. Songthanasak, K.

Wautthipornpong, and S. Jitapunkul, “Interference Cancellation Detector for Multicode Multirate

DS-CDMA Systems with Biorthogonal Scheme”, Proceedings of 25th Electrical Engineering

Conference, November, 2002.

' ar [ 1 I~ o '
20.3 A7US W AUMLIsNUMIUEN (8810t UNIIMT) $1uu 3 Tasants 1aun

20.3.1 szuusSudosyaaoiioanu nonuugadidnivua lug)

a @ 3y . -
20.3.2 M53199592995n5095UA2 1ALLY Least-Mean-Square 1/52107 sign-sign

#20 FPGA

20.3.3 M3dduuazesnuuuiaasunsosianie Iiaila TOU unumaifien

204 NS

v
a

20.4.1. 1A59MS 0001509 MIFOUAIN D INAVDITE Y InsAnNnAouNunAn

9

¥
20.4.1.1 NS S mSunaasssiaoeszuy 2 3u ldun

13



20.4.1.1.1 woWiLas [ Tuszuulfiansiulad gu 2000
Professional 1a8140181 C++ WaIM1WY Microsoft Visual C++ z’u 6.0
20.4.1.1.2 oW ISy W Tao 90111 Matlab $1 6.1
20.4.2 Tassmsdeuses msvann Tsunsumsidsiadyuinia loaminasyu
MPEG4 iovimnidan lumsidhsfadaing
20.4.2.1 TsunsunsuRunDs
20.4.2.1.1 1dms D5z DU IANMSMS Windows 2000
Professional @1 Tavl9n 11 C-- VU Microsoft Visual C++ 139554 6.0 Sinnuemnnsa
- H.263 Video Coding
-~  MPEG-4 Video Coding
- Region of Interest Based Rate Control For H.263 Video Coding
- Fine Granularity Scalability According to MPEG-4
- Speech Coding Based on MP-CELP Coder
20.4.2.1.2 Tlsunsuneufiuned ifaunlavldniu MATLAB
B3 6.1 TANUAWIID
- Semantic Object Segmentation According to MPEG-4
- Adaptive Search Algorithm For Motion Estimation
- Color Face Segmentation
- Automatic Object Segmentation Based on Bayesian Decision
Technique
- Digital Image Processing Application
20.4.3 Tﬂsamsdﬂmé’m A Study of Mathematical Models for Existing
Communication Traffic in Thailand’s Network 11/5unsudm3us1a035¢U Call Center
20.4.4 Tnsamstonsos Tsunsudraesszuylnssthounaia Tusunsusiaos

520D 1ATIU10LD A2

A
20.5 9 9
[ A Yo A ] A o w 4
20.5.1 Insemsgouis o szuuddudvayaaoiioan s Inounugaiidnsiyue
Tniny viieruo 1Ns5AN51509 Speech Recognition 191U ICT 2003 © Central Plaza a1aw312

NTANWA TUR 1-4 FanAN 2546

14



20.5.2 TnsamsdouiFos mswannmshmediedoun v Inouvvoon Ty
ABURANBTNAW 1 UAUD TINTIANITIS0Y Character Recognition 114911 ICT 2003 &4 Central Plaza
a1and 1 ngamna Tuit 1-4 Famay 2546

20.5.3 Tnsamsdonifes m'sL"f'?euﬂ'aﬂNa1mﬁmaw:uuimﬁ’wﬁmﬁau%ﬂﬁ 4
uazTassnsdouifos mweniedinies: mafnuimsadedndu Saufuiuaue dnssams
5944G 1% Smart Antenna 149 ICT 2003 w1 Central Plaza a1AW$13 njumna Juil 1-4
AINIAW 2546

205.4 IATINITOOUISDI AITANHILASRALINTYUINNTIYILAZ0OATHa

e

e @ A A § v o
mm1m]ﬂﬂﬁuﬂ1uu1ﬂ5§'}u MPEG-4 Lwaﬁdﬂuizﬂmﬂ‘imﬂﬂﬁﬁ)m‘ivliﬁw HUTAUD Iﬂi\‘iﬂ]u

o 7

§ a [ a a a o a aa
LA‘JJEN “ﬂTi‘W?llu1‘53‘1J‘1Jﬂ151|‘i$‘1111ﬁ1111u11’11\3Uaﬂﬁuﬂ1uﬂ1ﬂ5§1uﬂ1‘iﬁﬁ‘iﬂﬁﬁiyiy1m’¢]ﬂﬂﬂu

¥ ]
v

MPEG-4”, luamiinssamsinnsmedsnssu asein 13 augdmnssumans 9wiaensel

VNMINBIAY, TUNAY 2545

o Y4
(509MAATINITH AT AUV IZRUTNA)
Y v = Y 1 =
W IAsIMSiasuas WA WNe9

Tuh 4 9a AU WA, 2545

15



o aQ w <~
eauatvanysailnsamsIdeeuilszanaiil 2545
S t o b d' d‘.
TnsamsIdudosdraun 11509

LY o < a 3
msHannmsisimeiodsumu InasuuvesulaiuunsuR unas oW

R3URavealnsIns
S0IFNAATITH AT AUW0 IzHUSNA familnsans
911IHINYINT DRATIAY 1in3dy

(Y '3

Yaguszasnvaslasans

a o Yo A A . kg
ﬂE]lJW'JLﬁE]‘iﬁWlﬂ‘iﬂ’g"maWUNE]L“UU‘LIﬂTHﬂ“ﬂULL‘LI‘U On-line ulﬂ

voutvansathvanevalasans

=2 aw gq =Y t Y Yo =1 = .
ANHY1IY LLﬁxﬂ‘iSQﬂ%i‘b’ mﬂuﬂmaqﬂusfzuums;mmuuawnumyﬂwmmu On-line

d’ QI =) =y
NI T ANTNIN

arununlaaniiumsluds

v @

= [ = ° :,l dy [ Yo = o A
o ImsyUsuiasuveuwansvinnu mumswmmszuu;%mmﬂyswummuaau"lau i

¥
wnduthvinelumsWannuussuul§ianisues Handheld PC uawuiidesiialuns
3 o [P=} -~ ] 3 1 ar 9/ P= 3 =y
TFammnmauly Tufianutanguuezadnanuadesdialunmsldau Bavsavazides
voavenwAnin Il iz sesdumatondidns ne AligtuuumsSadadnys
v o o v o v & a o [ = Ao
4 sza dnnatinuugvesiisnusududniiulidmiunnuaziBeavesseniniitioy
¥ ] v
Aoy anzdidoswaon T Wmuinms§swusesuul§iians Windows Tablet PC #il)
¥ ¥
ANV ANLINAT Bavanindl lueag Nadausenmuazszuulfiamsnalasy
o by s Yo n:' o ey P=} n:l o 3 ' =
mswan sessunsisuuugdniiannismsdouiiilusssumanniiu nade
~ a d? [ 9/ [ [y aq Yo b Y
anuazdaigeiu Suusna lararwszd sessutarwhinai 9dou lavarsuuia
[~ g/ d o ] Y o Y ar Yo w a = I'4
Hudu vinnsmamsiningn auedise lavanssuudiwidnes Mounuvesn Ta
a L el a vy 1 1 Ay [y
uuNszAI Tablet AluilagiiuinulananuaziBoaga luidesndt 400 yaretia 59951
¥ o a z v [ a
usanaveann'la 256 szA Bnia Tablet u1vgueINsaUSunlasunsinaveatlars

‘ﬂ o o 911«::'] Y A Py Y o
MMV UDU Tablet Ghﬂ uﬂ'JnJﬁuTUN‘U@QLﬁu‘VIﬂi'lﬂj‘]Uu"i]E)ﬂTWﬂﬁE)ﬂﬂaﬂﬁﬂ‘ULﬁﬁ

16



Yy
na'ldae

® FAAYININIINVBY handwriting recognition

Classified

ut
an——— Sensin Preprocessin Feature Pattern p ) Output
E Tep & Extraction Classification ostprocessing >

51t 1 Tnssathevesszund
o
O keyword 7199 [1,2] flall
Ascender = AauvBIISNYsTIRUE LI HA
Bank Check Recognition = #152900U5U1IAT 1AY 9 fi §adnns uaz Auauszy$auEu Sui uae
Aoy
Baseline = L11IN1515099YD9ONYS
Chain codes = S AUDIRAMIAANTROUVDIFISOLT 191 A4 a8 F10 4
Cursive script = aviloousaysorsyiauuuaeriion

Descender = ﬁ'ﬁuﬂlﬁ]\mjﬁ]ﬂ‘ﬂi ﬁmmt’fumaﬁ@

. . v A 9 A a Aa4Y a A g o141 n v
Decision tree = N IAATULVUNITATON Q1Y QNUIDAA UUDLAY 719 lunmmmmmyﬂu 11111
°o_ o Yo & v A
LRI "lﬂmmmﬂu HH YID AN
DVF (deformation vector field) = ANUNDYUDI LAF

Dynamic variation = A1uvaInrate lumsiouuuueal wu fArmemsaindy

Elastic matching = M3a30du TAe9ndu TRsdunuy

Electronic ink = (taassoomsoulusiui
Features = ANYUINHIEU 19019 15U ascender, descender, qﬂﬁu
Gesture = dgyanuaifl llydidnyamu 2enau gnas

ldd 9

Handwritten Address Interpretation (HWAI) = uﬂawagmwuﬂaauauumawuwmmﬂusﬁa

Bar-code

a A |
Handwriting = awilo@ou myflummmmmmuuﬂﬂa

17



LAF (local affine transformation) = msfﬁmmﬁaé"ﬂys?jyum“lwﬁ‘[m“l%’q’fagm’h HAZAULLL
Lexicon = N5¥1IUMININE1 1A0019899INHIUIYNSY
Off-line handwriting recognition = Uszaanandsain@onas o JUudnnum nsfld dud
119 optical scanning device
On-line (real-time, dynamic) handwriting recognition = ﬂsxmaNaﬁuﬁxﬁav‘hﬂm%uuu
Qﬂﬂiiﬁlﬂ‘ﬂﬂ 1% table digitizer
Optical character recognition (OCR) = 19988910 Optical data s21iuffiud n3o arwilef 1é
PDAs (Personal digital assistants) = 91n30i81u20ANUAZAINYLIANNANT A5 nLuTindoya
HAzI0IsU application th‘iﬂulé’l’
Pen down (inking) = mqmm‘fﬂjmmmﬂmmamuﬂszmy
Pen up (noninking) = nw;msa‘fﬂxmzumlmﬂndiyumﬂﬂsxmu
Postprocessing = ASTUIUNITHAIDIN shape recognition L‘ﬁums1%'&’1'ﬂﬂg,aﬂmmuﬁmﬁmmm
andos feludmn e uax lonsel
Preprocessing = N5¥1UIUNITADUIIN shape recognition 15¥NOVMNY
® Thresholding = nonuurddnyseenaInimaalaold histogram
® Segmentation
O Line segmentation = M340N0BNTLLIIHA
O External segmentation = msuoni writing units
O Internal segmentation = A15446A writing units KluaMLszAOVIOYY
® (Cleaning (Noise Reduction)
O Smoothing = MU u Tasldrundouvesya
Filtering (thinning) = anvinadeyalindeniiisuiu
Interpolation = Msifiudoyaludimiiniamededunds
Wild point correction = 194 spurious point

Dehooking = AgANINATIATNIAZIVYDINS WU

O 0 0O O O

Dot reduction = 8au11AYA TRIMGOYAIRY?
O Stroke connection = mﬂmmf stroke Tuwzoninm

® Normalization

b 4 ] b 4
O Deskewing = 1A 19 slant H98NY5IAYT azHam

18



O
O
O

Baseline drift correction = ﬁmé”nys'lﬁ'aguu baseline
. . . hd e 9 1t o
Size normalization = Y501 190nYT 1HMINY

Stroke length normalization = ﬁmum‘hmuqmm stroke

Segmentation = N5z UIUMsHoNTeyaITiy writing unit idoams

Shape recognition = ﬂ‘i:U?NﬂTﬁiﬁW writing unit

® Character Recognition = T ludruves Alphabet

O

¥

Feature Analysis = 79132 feature ﬁmmauﬁﬁmq static L48% dynamic
Fadihy binary Hadadu'l88au decision treettaz 314

Time sequence of Zones, Directions, or Extremes = 1%%813617113 dynamic
191 Chain codes

Curve Matching = elafsumanafy fiems daazueu firmaes
yu o tangent , elastic matching

Stroke Codes = $11n3 11519904 stroke a1 111991904
Analysis-by-Synthesis (recognition-by-generation) = 1%'ﬂ;]mmmss‘§amia
stroke a1y dnualTn

Pairwise Distinction = 118n¥s findufuummanuuanaie

1 $ o o w o ' ad aa
Other Method (%4 1‘1! VIUIH AU AN UIVDA stroke HAZ ITNNADA

L} A el
14 Markov Model mmmzﬁnﬂu%gmmu dynamic

Recognition of Character Sequence = 1HA7113 N NATHINITIY

Recognition of Cursive Script = A723941 HATUUIR RO cursive oMU

Y30 9NHIIAYY

.. Yo o o g '
Recognition of Gestures = 3910 YANHUAINE 1YU AT 9NAY

o

Recognition of Equations and Line Drawing

o o ' : L ~
Signature Verification = $uunatou Taoly anus wazsiminmsidou

) o o
Signature Verification = dufuaou

Y v @
Slant = N5 101989 VBIRIOAYS

19



Spurious point = i}ﬂuﬂﬁﬂﬂaﬁmﬁtﬁﬂmﬂﬂiy‘HMN Hardware
Static variation = AnunaINnawluns@WsuuUVEda U 31919 vina
k4 [
Stroke = 308N TIVYUAULA pen down D14 pen up NAANTY
Stroke segment = AIUYBYUDY stroke
T Y o as o A
Tablet = gilnssisudayannuyud laudTMsRey vie e
. . . o A ' - 9 = 3/
Writer Identification = 531JA710HiIOU 15 0A19U0I01000UBIRIN0U IAu1Y feature IRWIZYAAA

. . Voo Ay YPo 1 v @ o
Writing units = HU’JUU@UVIGIE)Qﬂ151‘H§ﬂ1 1Y stroke, AIBAHT, £

° ?iﬂmiwmﬂﬁﬂiﬂﬁ‘l%'“lumsi’%"mwﬁmmu Off-line 118% On-line HUUA1IAALNA[1,2]
1
Baum-Welch training, Cosine transforms, Direction encoding, Distance encoding, Euclidian
or other distance measure, Fuzzy logic, Hidden Markov models, Hierarchical approach combining a
few methods, Neural networks, Probabilistic classifiers, Signal correlation, Shape features, force,
pressure, and angle functions, Spectral analysis, Time warping or dynamic matching, Velocity,

timing, and shape features sets

b4
o AnywazilSouifioumsisatvilonuy on-line 1ag off-line lavagilldaemisean 1l

[1,2]

a =] a ] ) )
M15197 1 1USoUNUUSLH 19 On-line Liag Off-line

AUENLA On-line Off-line T
] 1Y Yy o ] = o
Lanusuar naszanana | desliisoiigaiionnuiiu Nifianusuilumnn
5ITUNA
3/ e . .
2.msi’]au°uaga digitize optical scanning
3. dyRnsunIu Youun 11PN

= o o w o o = n’: v o
4 foyahi1d S dauArmennusved | gmmAisaunidnysuas

a Y
stroke aauIpnou
=4 3 k4 Y N - v
5.mmamwﬂvawamﬂaum HauNN azwLuANI
6.Interactivity 18 Taie
7.Adaptation 18 lsiazaan

20



8.HANTENUINITNMFIVOUN UNANTENUNIN finaniznuoonn
nanvaw
. v b4 ' Vv
9.preprocessing ABINITHBUNI FAIDINITUIN
o a a .. 1A
10.au52 lunsoy il luns digitize Tufiilgm
11.Delay Tul,j i
12.Static vanation i Y
13.Dynamic variation i i
14.Segmentation -nlunsdiadnysiaes 1NN
- ld namnuaaluns
pen down LIBY pen up
° A dyo v
-runsairuaiuigineg 4
[ b 4
vovasla
v 3 Vv v
15.A710QNABY W HouNN
v MY
16.Trainable 18 unsalule

17.Application

v Vv a o«
Houdoyaldnounuaes, PDAs,
Tnsfnvidetio
-Signature Verification

2 s d o a
-ifITeduaa AN HAIYEY

-mlasdoyadnysiiiuninid
o a a4 1%

WudnysfmToudqle

-Signature Verification

-Writer Identification

-Bank Check Recognition

-Handwritten Address

Interpretation (HWAI)

k4
<2 ' %
® AAHYINIU Preprocessing Techniques U0 Feature extraction Al

O Variation Entropy #1131 Normalization [3]

O O 0O 0O 0O 0 O

Chain Code Number [4]
Chain Code Vector [4]
Angle Representation [4]
Fuzzy feature [5]

Elliptic Fourier descriptors [6]

Fuzzy Direction Code Histogram (FDCH) [3]

Fourier descriptors ’s?W%’ULLf’mQJUWW rotation [7]

21



® AnyIn1533 Y On-line Tnu1d Hidden Markov Model Tu 1161199 191 1N (Hangul)

v
a0

(8,9], ‘1.!14 (10], U [11], BuAY (Devanagari) [12], #394901 (Sinhala) [13]

® FnuIn1553 Y On-line 1no 14 Hidden Markov Model uuutlsggna
O Multiple parallel-path HMM [9]
O Non-Symmetric Half-plane Hidden Markov Model (NSHP-HMM) [ 14]
o fnyINI3ISwaztonuoy I Iawlienn lunny aeany Ae Tne uag Sangy uag wue

d’:’ |d' Yy ¢ v o t:‘n [ =) [
feature 4 Tnaie lsudlymdidnys Aidinuusd lunuvaisioda

dl ° o A
Nuiezdmiumne
o= 1 o Yo -S| ¥ v o9 43
wuImanazatns milunswannszuumsiaeiiedoun v Ineliuiudunniu
wiama lumsusniz e Inouazdengy luaresiieouuyuy liusa ada feature 11y

A g Y
iountlym Tuaiueeg

a L=) a a dl Yo a Y
waﬂwmmzmammauqﬂﬁwameaamﬂ"lﬂmmumi"lﬂum
® web page I1A59N73
® paper 1509 “Language-based Hand-printed Characters Recognition: A Novel Method Using

Spatial and Temporal Informative Features”

(BNA591994

[1] C. C. TAPPERT, C. Y. SUEN, and T. WAKAHARA, “The State of the Art in On-Line
Handwriting Recognition,” /EEE Transactions on pattern analysis and machine intelligence,
vol. 12, no. 8, August 1990

[2) R. Plamondon and S. N. Srihari, “On-Line and Off-Line Handwriting Recognition: A
Comprehensive Survey,” IEEE Transactions on pattern analysis and machine intelligence, vol.
22, no. 1, January 2000

[3] P. Veerathanabutr, and K. Homma, “The off-line Thai handwritten character recognition,” The
Fourth Symposium on Natural Language Proceesing, 2000

[4] S. Madarasmi and P. Lekhachaiworakul, “Customizable On-line Thai-English handwriting

Recognition,” The Fourth Symposium on Natural Language Proceesing, 2000

22



[5] 1. Methasate, S. Jitapunkul, K. Kiratiratanaphrug, and W. Unsiam, “Fuzzy feature extraction for
Thai handwritten character recognition,” The Fourth Symposium on Natural Language
Proceesing, 2000

[6] U. Marang, P. Phokharatkul, and C. Kimpan, “Recognition of Printed Thai Characters Using
Boundary Normalization and Fuzzy Neural Networks,” The Fourth Symposium on Natural
Language Proceesing, 2000

(7] P. Phokharatkul, and C. Kimpan, “Handwritten Thai Character Recognition Using Fourier
Descriptors and Genetic Neural Networks,” The Fourth Symposium on Natural Language
Proceesing, 2000

[8]S.J. Cho, J. KIM and J. H. Kim, “Verification of Graphemes Using Neural Networks in An
HMM-Based On-line Korean Handwriting Recognition System,” Department of Electrical
Engineering & Computer Science. KAIST 373-1, Kusong-dong, Yusong-ku, Taejon, 305-
701,Korea

[9]1J.J. LEE, J. KIM and J. H. Kim, “Data Driven Design of HMM Topology for on-line
Handwriting Recognition,” Department of Electrical Engineering & Computer Science. KAIST
373-1, Kusong-dong, Yusong-ku,Taejon, 305-701,Korea

[10] K. Tsuji and K. Kageura, “An HMM-Based Method for Segmenting Japanese Terms and
Keywords based on Domain-Specific Bilingual Corpora,” Japan

[11] J. Fun, “Off-line Optical Character Recognition for Printed Chinese Character--A Survey,”
Department of Electrical Engineering, University of Columbia

[12] S.D. Connell R.M.K. Sinha and Anil K. Jain, “Recognition of Unconstrained On-Line
Devanagari Characters,” Department of Computer Science and Engineering
Michigan State University East Lansing, M1 48824

[13] S. Hewavitharana, H. C. Fernando and N.D. Kodikara, “Off-line Sinhala Handwriting
Recognition using Hidden Markov Models,” Department of Computer Science, University of
Colombo, Colombo, Sri Lanka and Sri Lanka Institute of Information Technology, Colombo, Sri
Lanka

[14] C. Choisy and A. Belaid, “Analytic Word Recognition without Segmentation Based on Markov

Random Fields” Campus scientifique, BP 239

23



o v A o a a
ﬂJ?JUN‘U‘VIﬂ'JnlﬂilﬂﬁlNUlLWﬂuﬂﬂﬁ%‘lgN'}ﬁ1ﬂ15‘1ﬂ1ﬂ‘lﬂﬂ
LANGUAGE-BASED HAND-PRINTED CHARACTERS RECOGNITION:

A NOVEL METHOD USING SPATIAL AND TEMPORAL INFORMATIVE FEATURES
Parinya Sanguansat, Patcharin Yanwit, Paisarn Tangwiwatwong,
Widhyakorn Asdomwised, and Somchai Jitapunkul
Department of Electrical Engineering
Faculty of Engineering,
Chulalongkorn University, Bangkok, Thailand

Email: {Widhyakorn.A, Somchai.J}@chula.ac.th

Abstract. In this paper, we propose a new method for recognition the domain-dependent bilingual
hand-printed character recognition. We implemented two-stage recognition systems based on two
important character properties, defined as spatial and temporal informative features. Our proposed
spatial informative features (SIF) are off-line characters’ structures that can be used to differentiate
Thai from English characters. These features can also be called distinctive features (DF). In contrast,
tempvoral informative features (TIF) are segments of characters extracted using our proposed an on-
line feature, called start-to-end point distance, with other on-line features. This feature helps us to
solve ambiguity occurred in several Thai and English characters. In our recognition system, the first
stage is performed the language classification task using distinctive features, while the second stage is
using hidden Markov model (HMM) as the final character classifier. The advantages of using
language classification at the first recognition stage are two folds. First, the decision complexity at the
final recognition stage can be reduced. Second, the observation stages of two independent language
HMMs can be better optimized than one bilingual HMM. From our experimental results, language
classification recognition accuracy is 99.31%, while the recognition accuracy of Thai and English

characters are 91.67% and 90.23%, respectively. Our overall recognition accuracy is 91.05%.

[. INTRODUCTION
Nowadays, many documents such as newspapers, magazines, and notes etc. contain more than

one language, especially, in countries that do not use English as formal language like Thailand.

24



Evidently, bilingual language has increasingly occurred in computer, PDA, and Tablet PC as well. In
order to understand bilingual character recognition, it should be traced back to conventional methods
applied to monolingual handwritten character recognition.

Previous works, many techniques were applied to handwritten English character recognition.
For example, template matching had been applied to this problem in the early years. Later, artificial
neural network (NN) approaches were more popular than template matching methods but with limited
performance. Nowadays, the new generation handwritten character recognition systems use HMM
inspiring from the reason that HMM is good for signal with time-variant nature as in speech. For
further on-line monolingual handwritten recognition techniques, interested readers can consult with
[ I 1

In the Thai language, researches had been studied ranging from printed to hand-printed to
handwritten characters. In Thai printed character recognition, Syntactic [2] and neural network
methods had also been used for recognition, respectively. DF [3] has also been used in Thai printed
character. Later template matching has been used for hand-printed Thai character recognition [4, 5].
For handwritten character recognition, several techniques [6, 7] have been applied. It should be noted
that above works [4-7] have been applied on off-line Thai character recognition only. Recently,
hybrid method using HMM and fuzzy logic [8] is proposed for on-line Thai handwritten character
r e c 0 g n i t 1 0 n

In Thai-English hand-printed and handwritten character recognition, DF has been used as
language classifier [9]. The main feature of the proposed method is based on loop. In monolingual, it
is difficult to use DF to recognize Thai characters since there are so many fuzzy rules corresponding
to the DF. Thus, it is more difficult to apply DF to bilingual. Hence, the proposed method in [9] is
limited to its application to language classification. To the best of our knowledge, both automatic off-
line and on-line Thai-English character recognition systems are not available.

In this paper, we proposed new Thai-English hand-printed character recognition. We
consider hand-printed characters because they are less constraint than handwritten characters.
Furthermore, it is evidently applicable for Tablet PC and PDA. From our empirical investigation, we
found that on-line features used for HMM-based character recognition are not feasible for bilingual

character recognition for two reasons, which will be discussed in Section II. Then, we will introduce
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our proposed hybrid system in Section III. In our system, we proposed a new method that exploits
both off-line and on-line features, called spatial and temporal informative features. Spatial
informative features (SIF) or distinctive features are used as the language classifier, while temporal
informative features are input to HMM for final character classification. We briefly describe DF [9]
and its extensions in Section IV. Additionally, in Section V, new on-line features are proposed in
order to solve the character ambiguities occurred in both Thai and English characters. Experimental

results on our own collected data will be presented in Section VI.

II.ON-LINE FEATURES
Basic On-line Features
Chain code (1) [1,7], uses a sequence of pen-tip motion directions using eight primitive directions

of Freeman vector. To form a complete representation, we used two other elements, called sub-stroke
slope angle (0) and adjacent sub-stroke angle (0Y), which define as follows:

0 =arctan[(y, - y,)(x, = x,)], ()
and

Q= arccosl(;I : B)/QZ“BUJ , )

where 4 and B are adjacent vectors and the dimension of © and (X are degree.

Figure 1: Sub-stroke slope (@) and adjacent sub-stroke (&) angles

Drawbacks:
Observation states of On-Line Bilingual Hand-printed Characters
In on-line character recognition, it is necessary to decompose the characters as a sequence of
segments. To prepare the inputs to the segment process, minimum distance filtering [8] was applied

to the process for reducing the overlapping dots. Using such a filtering process, an average number of
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dots for English and Thai characters are empirically 44.2 and 75.5, as shown in Fig. 2a and 2b,
respectively. It is surprisingly to note that the average number of dots of Thai characters is more than
English characters. In fact, after filtering, the number of dots of Thai characters is about half of the
raw input dots, which will reflect an inefficient feature extraction.
To efficiently solve the feature extraction problem, we decompose a Thai character into sub-

strokes by segmenting with a 3 degrees angle threshold. After stroke segmentation, the number of
sub-strokes can be reduced to 43.1as shown in Fig. 2¢c. Then, we use these sub-strokes as inputs to the
feature extractor. In contrast, we are not applying stroke segmentation to English characters because
there are some characters that theirs HMM models cannot be generated. Hence, for English
characters, on-line features will be extracted from filtered input dots.
In this way, the optimal number of observation states of equal-state HMM for both Thai and

English characters can be justify. Hence, knowing the optimal number of observation states directly
affects the HMM training performamnce.
According to the absence and presence of stroke segmentation in each language, we therefore
proposed a modified system for recognizing Thai and English characters separately, which will be
presented in Section III. In addition, .applying the individual HMMs is automatically attainable to

decrease the decision complexity of the final recognition stage.

. 80 5 140 s 100
]
3 60" 5, 12 5, %
et g2 £ n
38 4 1] £ 80 | R
2E 2E o 8 w
% ¢ s 5 2
H 5 2 g
§o o A I
b4 b
2 9 g o I 2 [ . .
15 9 13172125293337 414549 15 9 1317 21 25 29 33 37 41 15 9 1317 212529 33 37 41
nth cahracter nth character
n th character
(a) (b) (c)

Figure 2: (a) English characters after minimum distance filtering
(b) Thai characters after minimum distance filtering

{c) Thai characters after minimum distance filtering and stroke segmentation
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Confused Characters

As explained in [1], both in Thai and English, pairs of confused handwritten characters are
written with the same stokes. For example, “¥” and “%”, “4” and “U”, “U” and “‘1]”, and “a > and “d
”, Hence, features introduced above, chain code and angle features are lacking of discrimination
power. Alternatively, a more powerful classifier, fuzzy-based HMM [8], is proposed to remedy this
problem for confused Thai characters. In this paper, new features, called start-to-end point distance,
are proposed to solve such problem. These features are more powerful than basic distinctive features,
hence, complexity of the classifier can be reduced. We will be discussed our proposed features later

in Section V.

ITI. PROPOSED BILINGUAL HAND-PRINTED CHARACTER RECOGNITION
In this paper, preprocessing of hand-printed data is done prior to the recognition stage because
some information is useless or hazardous to the recognition process [8], e.g. accidental pen-up states,

noise, overlapping points, serif, and variant sizes.

Recognition using discrete hidden Markov model

As discuss in Section I, our proposed system as shown in Fig. 3. We use equal-state HMM
model for all Thai-English characters. Each HMM used 6 hidden states and one language. Our
language classification using DF will be described in detail in Section IV. Our proposed language

classification can resolve the observation states of HMM problems in Section II.

Thai-HMM
Thai Q @ Q E;
Lan.guag.e
Classification English-HMM

English % g g ;

Figure 3: Diagram of recognition
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IV. SPATIAL INFORMATIVE FEATURES

For language classification, on-line Thai-English hand-printed characters, it is hard to use
temporal informative features to classify them but in spatial domain we can make some rules to
classify them by method of distinctive feature extraction below. After language classification, the

recognition boundary will be smaller and the performance accuracy will be increased.

Distinctive feature extraction
We use loop to divide features to 2 classifications.
1. Bilingual classification for looped character
From the development in {9], definition for a Thai character, loop is head of character while, for
an English character, it is the line that arches and joins together. All the looped character is shown in

Fig.4

Thi vunRaussnyyayginauannsuulndndoussalnuanuos
TTarwll q9q9,,

English abdegopqABDOPQR

Figure 4: All looped characters

Although loop has the most discriminating power, its classification does not cover all bilingual
character. Therefore, it is necessary to use other features to differentiate Thai and English of the
character in Fig. 4. For this propose we apply loop-width-to-character-width ratio and loop-height-to-

character-height ratio, of which details are as follow.

1.1 Loop-Width-to-Character-Width Ratio (LW/CW)

The ratio of loop-width-to-character-width can be used to classify a character if that character
contains loops. In general, Thai character often contains loop at the character’s head, which has the
ratio of less than 40%, while English character often has a ratio of more than 50%, as shown in Fig.

5.
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LW

—_—

> CW:

CwW
Figure 5: Loop-Width-to-Character-Width ratio

In this case, we use the ratio of 70% as the criterion to classify the character. After the

classification, we get 2 groups of character as follow.

Thai vunaruItessogpinauaantiuudndndnanusatnuanwnos

vyvd e

4: 117 qq9

Figure 6: Characters which have LW/CW less than 70%

From Fig.6 we can see that all the characters which have LW/CW less than 70% are Thai. It

means that we can use classify these characters by using only two features.

aa 4 A

Thai Qv
Enelish abdeeoopaABDOPOR

Figure 7: Characters which have LW/CW more than 70%

From Fig.7 we can see that the characters that have LW/CW more than 70% consist of both Thai

and English character, so it is necessary to use more features for these characters.

1.2 Loop-Height-to-Character-Height Ratio (LH/CH)

Like the ratio of loop-width-to-character-width, the ratio of loop-height-to-character-height
can be used to classify a character if that character contains loops. Thai character often contains loop
at the character’s head, which has the ratio of less than 40%, while English character often has the

ratio of more than 50%, as shown in Fig. 10a. In this case, we can classify the character into two

30



groups; one is the characters which have LH/CH less than 80% and the other is the characters which

have LH/CH more than 80%

English abdegpgqABPR

Figure 8: Characters which have LH/CH less than 80 %

From Fig. 8 we can see that all the characters are English. It means that we can classify the

characters in this group.

aa & 4 o

Thaj

English oDO Q

Figure 9: Characters which have LH/CH more than 80 %

From Fig. 9, we can see that the characters still not classify, so we will classify it by the LW/LH

ratio combined with consideration the context. -

1.3 Loop-Width-to-Loop-Height ratio (LW/LH)

For the rest characters that the past development still cannot classify, we apply the ratio of
loop-width-to-loop-height to solve this problem. It can be used to classify a character if that
character contains loops. In general, Thai character often contains loop of character’s head, which

has the ratio of more than 100%, while English character often has the ratio of less than 100%, as

e

iT__ ‘ CH "J » ':T_
(a) (b)

Figure 10: (a) Loop-Height-to-Character-Height ratio

shown in Fig.10

(b) Loop-Width-to-Loop-Height ratio
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2. Bilingual classification for non-looped character
In the part of bilingual classification for non-looped character is the main of this project.

The non-looped characters are shown in Fig. 11.

v +

Thai N 1

Canlich AT iLlamnrectnvmmvos CECAITITIVI MANCTIIVWYVY VY

Figure 11: Non-looped characters

In this group, it is difficult to find the unique characteristic to classify the characters, so we

apply consideration of individual Thai characteristic and pre-context character to classify them.

2.1 NEWS Cavities/ Inlets

We consider the space of character caused by the stroke writing (cavity) [S]. The characteristic
of “A”, there is a cavity in the left (west cavity) as shown in Fig. 12a. Only the west cavity, we still
cannot classify “N” from others, because there are many characters which have the west cavity such
as Z, X, S. Therefore, it is necessary to use another direction of cavity to classify, because each
character has the cavity in the different direction.

We consider the curve of the character (Inlet) as shown in Fig. 12b. From NEWS Cavities
feature, we adapt to use with the character “Y” and call this feature “NEWS Inlets”. The character
“1” has only the south inlet whilst the others have the inlet in deferent direction. This consideration

can classify this character.
2.2 Vertical to Horizontal Gradient

The characteristic of “ i1 have the similar stroke writing as shown in Fig. 12c. Therefore, we

apply vertical to horizontal gradient to classify.
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ﬂ | i‘:
(a) (b) (c)

Figure 12: Show the characteristic of characters

(a) NEWS Cavities, {(b) NEWS Inlets, (c) Vertical to Horizontal Gradient

We will divide the character into 3 segments and calculate the average gradient for the best
solution. After using this feature, we still cannot classify “ "i17,s0itis necessary to use the Pre-

context character too.

2.3 Pre-Context Character
Using only above features sometimes it is not correct for 100%, so we apply pre-context
character to improve the performance. It use only in case of Thai, vowel will follow consonants for

the right in Thai writing.

Input . Context_ .-

o - {Engien]

Figure 13: Pre-context character

V. TEMPORAL INFORMATIVE FEATURES
Start-to-End Distance Features

For improve the accuracy more features are needed. One property of good feature is
independent on the others or uncorrelated with the others. Many features were used in early works use
only current information like basic on-line features above but our features combine the current
information with the skipped information. It consists of 2 elements, distance from start or end point of
each line segments, the current information, to the reference point in-X-<axis and Y-axis, the past or

future information. This features can solve ambiguity ogeyursgign several Thai and English characters
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e.g. “¥”, “g”, “u”, “1”, etc. for Thai and “a”, “d”, etc. for English. By set the point of the end of

)

character to the reference point we can separate these characters as shown in Fig. 14.

.\

A
E“d point  Start point

Start point A

AX

Figure 14: Start-to-End Distance Features of “U” and “q)” characters

VI. EXPERIMENTAL RESULTS

We conducted the experiment in two steps that is classifying the language and recognizing the
character respectively. In these experiments, we collected data from 30 subjects. Each subject writes
52 Thai consonants, 25 Thai vowels, 26 English capital letters and 26 English small letters for 3
times. Thus, 363 data samples were collected from each subject. Totally, we got 10,890 data samples
from 30 subjects, which samples from 18 subjects are used in training process and 12 subjects’ are
used in the experiments. By using language classification as described in section II, the experimental
results of language classification has accuracy 99.31%. The character recognition has accuracy
91.67% in Thai and 90.23% in English. So the overall recognition accuracy is 91.05%. It has no
baseline comparison since this bilingual hand-printed character recognition is proposed for the first

time.

VII. CONCLUSION

In this paper, we have demonstrated that it is possible to use the benefits of SIF and TIF
recognizing on-line bilingual hand-printed character and the accuracy of our system reaches to
91.05%. Our method can reduce number of choices for recognizer by using modified DF for language
classification and solve the ambiguity of some characters in Thai and English by using our proposed
start-to-end point distance. Using language. classification before final recognition is necessary in the

future because we can develop only one language and then combine it with another language later.

34



References

[1]

(7]

C. C. Tappert, C. Y. Suen and T. Wakahara, “The state of the art in on-line handwriting
recognition,” IEEE Transactions on pattern analysis and machine intelligence, vol. 12, no. §,
pp- 787-808, Aug. 1990.

K. Janviteesuk, Thai printed character recognition by using neural network and syntactic
method, Master’s thesis, Chulalongkorn University, Thailand, 1995.

W. Panich, A Thai character recognition system based on distinctive features of Thai
characters, Master’s thesis, Chulalongkorn University, Thailand, 1996.

C. Kimpan and C. Amornkul, “Thai hand-printed character recognition for microcomputer by
considering the characteristic of character,” in The twelve EECON, Thailand, 1989.

P. Phokharatkul and C. Kimpan, “Recognition of hand printed Thai characters using the cavity
features of character based on neural network,” in IEEE Asia-Pacific Conference on Circuits
and Systems, Nov. 1998, pp. 149 —-152,

S. Aurphaiboon, Thai handwritten character recognition by considering the head of
character, Master’s thesis, KMITL, Thailand, 1988.

J. Tirayanont, The recognition of handwritten Thai characters using scanning n-tuple

method, Master’s thesis, Chulalongkorn University, Thailand, 2000.

[8] R. Budsayaparakomn, “On-line Thai handwritten characters recognition by using hidden Markov

model and fuzzy logic,” Techn. report, Department of electrical engineering faculty of
engineering, Chulalongkorn university Bangkok, Thailand, 2001.

T. Thongkamwitoon, W. Asdormwised, S. Aramvith and S. Jitapunkul, “On-line Thai-English
handwritten character recognition by using distinctive features,” in IEEE Asia-Pacific

Conference on Circuits and Systems, 2002, pp. 259 -264.

35



swauativauyseilasansidsanlsznadl 2545
ae 1 o_ 4' d'l
Tn39msITpdesdaui 2 1504

A 1 o ¢ A A a
ﬂﬁl‘ﬁﬂuﬂﬂ‘ﬂﬁﬂ1ﬂ1ﬂﬂlﬂﬂ§$ﬂﬂi’ﬂ5ﬂ‘ﬂ‘nmﬁﬂuﬂqwﬂ 4

Hiufavoulnsims

SOUNTANTINGG AT AUWIW IATHUTNA wanihlnsans

UGN
] . 4 a a 1 =4
Tuawnadlufimanusiszuunsdeas 1asezesadnInst1esiasy wazeusn
' ' ¥ ]
MusmsAnanuawuingeduniluilogiiu. - drwdivesuimshezansosessulueuing

) ] 1 v } 4
Tdun msdeasmadss msfecsnmIale msdedsdeyn Wudu Jymifaiufeuims

b
LYY

1 d v { 1 (Y
unazsznniinnudesmsumnuazaNusWweImMsdWeyaiuanaleiy  duiudadina
doamshmuanasguns lvesdyana Aeunsasesfuuimsnanarnlsuan 13

Yy e y Y, 4 y 4 v o o A A
A wenvnil uwa ldunnudesmsdemsuvudoya Fadoamsanusr lumssudage Ty

2 ' o o & o g = .
1INTUBY T IAIG waflidumsizarmduSovouna Tuladmszauma (Information
[ @ v - 91 @ e
Technologies) HAZIASOYIWAING (Internet) SIUMANDAINGT UIATYIUNS 1FF0ITya I
a g Y QX A o o a d? 3 dy ] 9 a v a
wsessuanuSgann’ld Sellanwdufumndedu  Weildumswimsldmaialuilegriud

o W w 4 { g ] 9 o a o 4

dortatumstemsitinnumirguingy  Jeirnanniymnisaaneavesdygiauiiesnn

' a [ ag . . y Y [
YOINTUAU TV HAWIN (Multipath Fading) *vamﬂmmmsimmmaﬂﬁmmu

(Synchronization) Lﬂuﬁu

whvsnamsiise

T ae § @ a o (Y A 3 a 2 Ay o @ o 1 dy
ﬂqu’mﬂﬂ@ﬁﬂﬁwwuuﬂﬂuﬂﬂ'I?T'i‘]Jﬂ'l'iﬁﬂﬁ'livliﬁ'IU‘luQﬂV] 4 FIUYONIVUAYAN ﬂma"l‘du
I. :iaﬁumsﬁammmmamé"ﬂﬂ

vy @ q te v a T A = o o g Yo
2. MNTOAIUDYADNTUIIPN (ulllﬂ'lﬂ’.]'l 10 WNELANDIUIN) ’CT'I‘H'S'UNj‘If UANUNIT

wasuidons 1 (laifu 20 AlamasaedaTuq)
3. ldmallauuunatspdunivesiudussuums Ivesdyn us iy uues e
9 a . ar aa a d' ar Y [
4. lmatamsdszairanadyguadiamoaailyminsunsnden 3 Usznnudn Taud

4.1 MIUNT ﬂi’f@ﬂ%’mﬁiyﬁ'ﬂun{ (Inter-symbol Interference, I1SI)

36



42 mﬂmsnaaﬂfhmﬁuwmz (Inter-carrier Interference, ICI)
4.3 ﬂﬁuwsnﬁaﬂmnﬂawpﬁ‘ff (Multiple Access Interference, MAI)

5. nuNUAeTesFyyILMa163a (Multipath Channel) fiitfAouiasnunan

6. ililsTanoadmsuldialudiudonudessnine  Broadband Network 1  Wireless
Network 4azd1M5UMS Access AN 9 Y99 Wireless Channel 1%U Call Admission Control
1y Automatic Repeat Request Protocals W

Y A A X i
7. 1‘HSSUUHQ1Uﬁ1UB1ﬂ1ﬂLW8LWH Space Diversity

o

a o w v o v a ¥ . .
8. imsdidanasnulunounnudngnimualy TauW015aIMs ¥ Time-limited

' .
s < <

A a 9/ & Ao o w [
Waveform o4 9 ununwelsidduaadivaougaianyuemsdinanasauluioy

LY) o g

S e
a1 Lid

1. msAnyszuuiluilogiiv
q as 1 as 4 A < 4
szuums domns Beaoluilvgtiu Tavarmuannduiiuszuuiugad 2 daduuimsdoas
aa o o a q a o 4 a '
fruides punatia dmsumsdeas Bawludszmenodsnaiumsdems 1¥moluyai 2 of
dl 1 9 a 9 T 9 a ] o
szuplugai 2 swnsoudadidu 2 wasgrumdn q Tdun szuumsldsedyausniuuuy
11149291981 (Time Division Multiple Access, TDMA) ISUMIASIM GSM 182 T2UUMT ¥
BOITYY U T IWAVLVUUUITHA 4oUAINDUAY (Narrowband Code Division Multiple Access,

CDMA) @umasg 1895 uazduiy 15-98 lunialszmensuilsemadisjuldtingisuly

4 4 : o an e o -
szuulugad 3 Gadumsdearsuarsdnst uuuATia udr maspundnvessyuulugail 3 Ao

»

L} L4 1 Qs r o d’ A
szuums IdvesdyaiuswAunuuuLs e tounmdndie (Wideband CDMA) Falauiiloudt
< 1Y 4 o a a
udniumsUsuilgeszuy Narowband CDMA o ldseesunatssas1 uaziiunisdszulana

[ aa o 9 A A ° a a P 9 o A
ﬂJﬂJ"Imﬂ"l]VlﬁL‘lJ'IvlﬂLW?)LWHﬂmﬂ1W“UENS$U‘1J ﬁ1ﬂ5U1NQﬂﬂ 4 ‘ﬂ(?'IENﬂ"liﬂ'ﬂllli'ﬂﬂﬂ"liﬁ@ﬁ"lilﬂﬂ

[ 7] q

¥

Jundluilegivediann Smsieuegduuums Mdyeedyanulunarvdnuuz ualaosuudiy
b 4 ’ +

BYUUNUTINVEITTIUNMS IsFesdyausuiunuuutesda  Aldmaldauuuvateniuwive

(Multi Carrier CDMA)

-~

YUY Multi Carier CDMA Noedavatoilsens wu tns Idaumnuanudodisd

} 4
< o

a a v ° . . i
Uszdninmge  ImunawesteyasnIuiiidazainlumsi - Synchronization  dayeyias
;Y A o A 9/ a 4 A a a = P=} s 9/
ﬁ"llﬂiﬂﬂiNlﬂi8051Jﬂ1‘ﬁﬂ15‘]_|581J’JﬁNﬂ1’L!IﬂL1JHﬂ’J11Jﬂ‘ “Nllﬂizﬁ‘ﬂﬁﬂTWﬂ AT UANTUYUBOU

'
A 1

o L4 ] a v a aa e ] . $ o
A1 Qﬂﬂsmmimmuazm?msummmhmﬂuﬂmmwa YU Fast Fourier Transform “‘I?Qll

37



Uszansnmaa Wudy 2UY Multi Carrier CDMA §3eunsautiagesann llaudnuuzns 14
A A v 4 . . Yy A
ATUNINE 2 LUUAD 1. ‘I‘Hﬂauwmzuuuvlmuﬁmamaa (Sinusiodal Waveform) 1 2. 1¥naunmy

L

=2 aaa 1 9 A 3
HUDNAEN  (Wavelet Waveform) 91AMSANETISONUIINS IFAAUNIMZIUUNHIaN oz e
asanaumrzdaNus iz ludaiauazanudng 3sensoud ST UAMUUUIIFINIA
- . a1 v 1 e Y A 2 Ay oAy o o
M30UNTIMD I oo19lsaamsIgnaunimzunnil  IdeiduAndssnmsuoqaadynui
a 9 1 P=1 a a 9/ d‘ﬁl 1 d' b dl
Fudeunint  uasitlszansnmusans oo uamddssnissuuildnduwimenuy lay
YOUADA
YUY Multi Carrier CDMA faeunsouyauenesn l/audnyaen1sun (Spreading) U84
& d‘d 1 a d. T o’/’ d‘d 1 a
s3UU CDMA 1l 2 yuvfie 1. szuuiinmsunludeuamniy 2. ssuuaimsud G
' a’: t:‘q 1 a d' (=1 3 [ ‘i v ld' X o v
Mid 3. szuuhimsurludenud ueliszessveumazadunivieoonnnls 319K
a Y A < ao dad Aot ' a
AAHAYDINITUNI NEDATIWATUMINE INNITANEIITY STUVANNUTIUUUIZVURTNMSUA T
a 3 aa a a A b4 | <
anutmnin dussuuiiilse@ntamind uazmunzezlslumsfemsanusiga
= Aas o AR Y y ¥ & Vv . i ~
nnmsaneItaei ldnanudedu Jsamnsoagyl1d152uy Multi Carrier CDMA @
Tnaummzuu leywesaen lanumzauedgedmsuszuunmsoms 1¥molugai 4 &
od 9/ ° a o a Ao s 4 ;] s 1 Ho
wiru ldonduandselussauunnuanetumsdeas 1T melussuuaenan fliduau
a é’ o o d.d = v v X% Pt 1
wundudiudidy snftimeaieondt s s1wanumsiselndl ae1993 wuduinai 100
aauo = ' da . . @ 29 Y Ao o A
s1wamItolull aa. 2002 0619150ATZUY Multi Carrier CDMA aiidoAsundfgyfe fyninis
' ) v
unsnaead AU IrEAiannsanavu ldvInatsaung  msunsnaeafInadIHanITNLY
b4
90191NABYTTANT N MUBITEUY UOAVINHTZUL Multi Carrier CDMA 64 1A3UmaNIZTNUIN
o dy ] a ;% s ar d' 1 a d! d‘ o
anwAadiouuuy ludwdudu  vesdvnedyauiligausd  Fuilunalonnvndnyue
a fat 1 [ P 1 by a A o aaw
Fy e Multi Carrier Alinueun 1Y (Envelop) linsiluudazing Sududenimodniseln
WaiunalinnsUseuaradyInuUUAIN 9 NeaaNansznUAI q AN 1Rna1II
2. MIIWAHITTUUMIARMNIUULHAIIAS
o aaw 1 aw YR = a d‘ a :: q'
1n3Soveanguise 1dAnuSoufivumainmsfemsnarwdasmeiildluszuy Ds-
CDMA 118z MC-CDMA luszuu DS-CDMA wuhimadandn 9 of 3 dszanlaun maie
w51 AeuAInIINE1IIWALIH (Variable Processing Gain) inAtin l4swWatkva1os¥a (Multi Code)
maiinluees Inneila FaA1Aa (Biorthogonal Multicode) inaiinldsHairnatusiaiive Aoy

' a & 1 Y 1 oy awva A 1 a o
aunailaudsaldousiaimonsdaud asdiitielumsdfiaese uas lifeadlgvlsingnisel

38



oA

4 o @ [ - 1y W ] a @ 1da 9y
Indlnaiesnndidsvesdldnuazdasiilimiide  niunaddaldvarosWaurniidedononi
Yo [ a 9/ a Yt = d‘ o o
I85unansenunnany hidluFaduvenesunodyanaldie  Suilufisnveunaiin luees
ar o as Yy A =Y ar 1 [ o 9/
Tnneva  adlde  Funaiiassnanawisoasilymonanuy lidhuaduvesisasvee

a Yt 2= a a = d'dy 9o A Ao
dygalda uaniilgwilszantam lualuanneniididsnuun wielidygusuniuuy

3 14
A o a a

imdniiidage uennniinis 19AS UL Multiuser Detection Tumatindana i ldoin

Y o wa w 1 a 4 @ @ as Y o aw A4 Y o A Y R
mnﬂjmmﬂmnanmmmmﬂua@ﬂm@ua vaalaa umwm%wmmmsaasmmu Multiuser

. 4 Yo 4 o a9 ¥ a % o v asy ]
Detection AU lFAUTEUUMIToesUDUHaIedas i Idmatin luees Inneila Uadlna 9

s =1

M50 URRANNT 2 JUunufe VRN 19dyIUTUNIU (Interference Cancellation) LASUDUA
=t g ¢ Y . . a o y [ ::
AvsSiames N 1eMsUSUAIMUUVOR (Blind Adaptive Decorrelator) 91AN13ANYIIDY 1ATBISUNG 2

a o 9y a o a PN A o a dq ¥ A a @
yiamnsai lissuuisananurawaratadauiomeuiuscuui 1insessvuuuna i Tae

4' ar r=) r=) o d' 9 ar ar a t:‘d 1 =1 9 3 =1
NS0 VUULANDTSAADS N 1¥MsUSUAILULUeAlausTouULianItantlsy  LAIZNAIL
a 9 q' 1 1 @ 4' =) Y :.; 9/ a Y o [} o ' a nﬁ' o
Fuspungan Ui denfSeumsutussuuhlamaia lss Waunvaios ias WA easy

. . a Hq ¢ a w v a I @ Y @
WU Multiuser Detection fuUseUUN Munaiia luees Innova Wadlda saufumsessuuuy

]
A

Multiuser Detection lszinni@oariu wudn Tunsdlididlymanw hifludaduvesisesves
Foya szuundssdaussousiinnd Tunendudy Smnfnsamesvoedyaugaund
STUUMA LN AUTTOULABUAT

Tu52UU MC-CDMA wuhimadiadminsesfumsdoasvarusasman g 4 wila
IRun matinnnusifaurnadl (Fix Spreading Length, FSL) FSL, MATiAAMNOMSaIHALT
npuhswadlesiunuiawainlusasfiliiiidu (Coded Fix Spreading Length, CFSL) maiin
anue1siaun linedl (Variable Spreading Length) wazmatialdsiaurvaioswe (Multi code)
dmiumaiia FsL Al lunnnqusandedeyassldswaundifinnuoariiu w114 ungs
sandedeyadifisy@niamnsuouanudlifin edwlsfasims e Lifimsifantsunsn

¥ | ' a a 1 1 a 4 a a a
asadmnduninz lusesdyonuuazmssudedygaedgaund eidumsiiulsz@nsnm

;S 3 N

Y = =1 ° a Voda o U
Mmslduounnud  Jalimsdweuomain  CFSL  Taodldlunguifidasidsdeyadiniiesgn

Y Y

(Y]

3 o a a e ¥ @ ¥ 2 o Y A Aa Y9 Yo a4
Whsradlestuanuianaaniisasinssdagendn Jeihldeiowiuszouiiidlddasido,
¥

8900191535 CFSL fifideidonie hicmsosesfudldlussuuldmmin dmsuds vsL Aldlu
U d'dw L% ;

quiilidasidadeya

b4

=%

) 1 ad o
11NN 35l

' Y o T ' 2 Y4 Vo A '
1177192 1 HAUHALA IO 1IWINADT BIAINA 19 1F3IUIUAAUN IS EDY

)
SO

1 14
sEUUaNNI0s0SUR 1T emuIndu ninzdwwalfifianisunsnaeatdiy

b =

4 9 a o a o v ad 1y ' '
Aauwrzudlunsdinfimssuaseiiegaund  dmsuas lgvarswaun ez lulinavesnisunsn

39



Y & o Y ! a ¢ s o oA o 9 Y
ﬁ@ﬂﬂnnﬂauw’lﬁxiuﬂimﬂ’ﬁiUﬁQaU’NQﬂnﬂﬂ IYUIR8NUIST  FSL lla:ﬁ’]“’ﬁﬂi@QiUFji%ﬂlﬂ

b d
fAvuL19IN SAwMedalinudanguasudiega

bR

T

swm o sm(ll s

Sty yalty

A
j%ijr

Siq2g pa(t)

g

for this

g
1:‘;)1;
-"If\

.

ER

‘...= skBgA(l)
Roaks _4;'
for thes L] 2y
wax b

d' o Y]
51091 1. vdenTnezunsuvessEUUMAIEAST
a. et ldswaurraios e
=% o v
v. matnaluees Innoila

=Y o w v Aas y
A, matnaluees Innoiia anlaa

40



o Low-rate o Mid-rate
10 - T T 10 T ~ v T T T
—+— MCMF —— MC/MF
—6— MC/PIC —o— MC/PIC
—8 BioMF -8 BioMF
—— BioAC —— BionC
10"} 10°
o o
i @
107 107}
|
10° 2 21 é i é 1.0 1l2 1.4 16 10 0 ,.7_ é.l é é 1I0 1I2 1.4 16
SNR (dB) SNR (dB)
f. 1.
o High-rate
10 ; Scheme
‘ MC = Multicode
107 F
& . .
® Bio = Biorthogonal
10%
—— MCIMF Receiver
—— MCPIC
—8- BioMF
10° —— BiofiC ) )
2 4 6 8 10 12 1416 MF = Matched filter

719 2. wams$1aessT VUM BRI
vq Yo Y °
n. AuIINUTVIA 1FEas19oyaM
33 ¥ o 1
Y. ANIIOUTVNA IFTRTIUeYANA1S

39 ¥ o y
A, AUIINULVOIA 1FERI1UBYAgY

(% J a ° [ o
3. mswmuweS‘Nm{ﬂeuwama5amsummmammamszun

3
o 2 ¥

yo3WiT A mTunaassiiaesszunvenguidte gnWaniunindeu q fu 2 daunzdie

o a 3 o [
Taol¥n1s1 c++ wazlasldniut Matlab sosWuasignwaurlunis Matab e 13dmsy

41



a ¢ 4 g A 1y ' o N Y 1 g o P s sa
Ansziaulndesdn weswinwauide vildediesas lunmdu luvusizeswuaingn
v 14
W lunw e+ gminnidlunisnaassdiulvg neilmsizanusrlumsiou uazan
at a Y '3 v a s 7 o a
WuszidlvuSoudevvesesalna TavsiwaziBuavesveswuasignimurlunim c+ 1
[} qw & o aw 1 aaw Y o 4 '4 a g o [Y
aean 1T TwAoumbou wa. 2545 1in33sveenguise lawanivesuiineununes dmsy
o . . s a s o &
N15NAADIT1A09TZUY Multi Carrier CDMA Tagiiuiaunae s winddmsusguy DS-CDMA &4
~ = '3 o o 1 a A b a wa o d .
nofis luoda goswiniainaniauune lalussuul§iian153ulad §1 2000 Professional 1oy
kY @ s a o ¢ A ) . . 1 n‘/’ }
Tdnw1 c++ pudiauvesusem luTassenyl ¥891 Microsoft Visual C++ 3u 6.0 Taslududu
va o ' A g a . o
lanorsanisaanoudyn s luuaasadunivedunuus uSoy (Flat  Fading)  wazfinn

v w a

anduiusvosduilseAnimsaaneulundazaduwivg W ldawauyigiunisanasvesniy
Y o A ~ . . . '3 &Y '
WudygurawItuuuen 1ndua (Exponential Multipath Intensity Profile) 403 Wi5A9na17
14
1gnldlunsinuszduinsenudde vesifaduilgaiie 4 Tassu wazmsifvvesiida
a a T aaa 1 o o o
WSy In waslSyyuenlunguite Ao ludeungaSniou w.a.2545 soswuas 1dgndsulge
I eusasessunisdauuuvalsdas 1 lugluny FSL uag VSL Tufouunsiny w.e. 2546
v Aaw . Ao o o’ A H A o
1inIvvesnguitelduSulgereswins iianumusamiuiu Tagawisainunisi Cyclic
Prefix N15M1ATaveqQuatu nMsitsadlesiuanuianata uagnisiresdygiauuurainia
° e s s Y Y v av o Y s s
UBNINMSTNUAUF VI3 WIS Tdna1Iuudn wWn3voda ldueuses s
AINETUNOMINUANIZOO 1IN TEMIBY  IHBANYINSIAANITUNI NTRATINAAUNINE DU
ewnnanu liasefiuuesnudnime  (Carrier Frequency Offset) iofnyinsidnny
MANMAWNIA (Space Diversity) tiodnmimsiAannu luifluFaduvesesvnodygin

A 2 9/ . . a Y
wazRoANy1n15 19 Multiuser Detection ¥ianvatewila iludu

(3 oo o il

I 3

S Tooe [ Tomdey 20 by 3 3061

M-[ OO0 00
SII!-I ® &
m.l HM2

42



z‘ﬂ‘ﬁ 3. Software ﬁmﬁ"nﬁmmszwﬁﬁmuﬂﬂﬂ% Microsoft Visual C++ 5:14 6.0

4. MINaIssInuve sdy g N
v awv 1 ya o 3 o = ] [ 1 o
inIvvveengu 1adve lavhnmsdnunmsdsznasesdygia uazutsaveendy 2 dszan
L] s o~y QJ 1 Qs ac

18un msilszmnudulssdnimsaanouvossosdygIuuuunaivdd  (Multipath Profile) Laz

msdsznanny liasefuvesn nuiwIne (Carrier Frequency Offset)

QJ ) o ada
4.1 msﬂszmmanﬂszammiaﬂmumawmazyzgmuuuwmma

g 1 4

ac . ' 1 ¥ o A
AnzAIY I0a5UITMsUszuia Multipath Profile 1anunsauysoen teiilu 2 Uszian fe

L'l q

8 a a [ a =1 a a
pun ¥y w1989 (Pilot Aided) azuuVVoA (Blind) tuulddyginudiedeslilsednnm

1 4 1 T
nildiFnnugndes uazFinsmunmsdsulacwesresdyguiiniuuuves nivedes

9 o

kY o

@odseaninmms Ivauluuauanudvisdiulhiwemsdedug s M ATy Y I

(7]

Y a o @ a
BN?N‘VHM],?’]' 3 aﬂymzﬁa HUUDUNTANIIAY  (Time Multiplex  Pilot) UUUUNTANNANUD

(Frequency Multiplex Pilot) HAZHUUNTZIANTLY (Scattered Pilot) FIHSULULUNTANINIANVLE

=

d'd 1 as d' d' 9 d' = =
aussauna luresdyanunndouuladn BUBUNS AN RANLRIE NI souEA Y

2

$o9dyaunil Delay Spread oo uazuuUNIEIANIZI0ILTaNsTOULHA IUYOITYY ™

1

a a

d' 9/ P=1 b ' = 3 d' (] p=1 d'
Wasulasriazll Delay Spread 100 1Az INS I OULOUANND oINS EENT N MNNNYA

]
as =

Tugaedudl 2546 nnzdise IRdouTdsunsunaasunisisemasosdayanuilddyayiu

LV AR7)

S NBUVVLNTANIUIAT UAZUUUNTZIANTZIE A28ATW1 Matlab §U 6.1 WUITANUYNABY

1 o w o o

1 by o’: ¥ s 1 a ¥ Vo J
ADUVINGN V]\?ﬁﬂ'ﬂll@lﬂﬂﬁﬂﬁYJU\?ﬁuﬂUﬂ‘UﬂWfﬂﬁ\ﬁlﬂQfTﬁJiLﬂﬂ«liUﬂ'JuHUUmWﬁ uaen1 Delay

Q

Spread

4.2 Msvdszanannu liasaduusennudnne
acc ' v d' =1 as o A 9 as
Ensdszannuluassiuvesnnuiniveivan q 2 dnvae Aouuu lddyy 1w
y o o s o‘: 9 ] ey A 9/ d'
819949 BazuuuLea A Msuuvusatiuduentessen 1l 1dsn 2 dszanie Usunnlgaiud
WMzaiou (Virtual Carrier) Hazlszinnn1undou1nfige (Maximum Likelihood)
Y ay a

M ITvmnusoagddeadeidouounainmsyszununin iassiusesniunive 1o

a
ATNN |

43



Yoo o o P Y aw aa A a a a [}
auzAItuRasduadITonszuudsinoin sednsaimlunisUsganany Frequency
Offset AMsVszUUMAIWH 1Y Tagthunatiauuuueaiitiuauededuns wiunse s ULLY Mult

user detection Iaowuaw luasiuvesnuiminedwaldifiamsmyuvounavesdydnual

LY

y { . . ' a 1

Joyaniu 1 uazns 1 Multi user detection S2ufuMsUsymmawalinisdseunugndoauin
b
@

4 4 <4 v . ia o o

993une Fenrnmanenarnir lilgaruammsomsudluaifafionldgndes uagi v
[ ¥

aussauzluFdasnnuRananaiavuedsdaay

a Y oy a a ' o A
A1TNN | ﬁiq1.]‘U@ﬂ‘UﬂlﬁU‘Uﬂ‘uﬂﬂuﬂﬂ'ﬁﬂizu-‘mﬂ'ﬂullnﬂiﬂﬂu‘u@ﬁﬂauw‘lﬂg

35M1515 2061 Normalized JoAupdisnsnly Joifuvedsnsnly

Frequency Offset HUUANY 4|

uuu1¥dyanudieds Lamnsaszana 8ndifosty | 1.Avsgaudouauanufiviediu
amdhinannfige Sailld | lufunsdedaaedieds
18 lumailfia

2 mumeAensilivuuaside

yoadyanusunmuuuNEI4a

uuuvea Usznnly 1. lidesgapdouauanudliiie | 1A ldlianuRanan

1 o

Virtual Carrier dadyudreds foudnain  sues luamso
W 141885 slumal§iia
2. linunuasnisul@ouuilag

fdsvesdyanasunuuuund

188
[] i 4
uuvven szanily Liszanum 18 lndifosdunny | Lawsulinnududeugedu hild
Maximum Likelihood dlusfunnweaunas aunuganlu 2 38usn

2 yumuentslfounasves
fdsvesdyg s unamuund
185 TuseRunils

3. higesgaduuauanud Tiiie

dadygudrada

44




q
o
z
&
33
<
(ol
_E
Ty T 1 - <
. —
— O\ M <r U " m

R i !
2rrrRT| ¢ >
TV&QEQE.:; ......... ®
2233232 _ =S

9 C T oM !
o= > > = ' =
T e o e am : Y
SR Y WD W | o
o228 2L s
—| € O O A O D fp--ermcacemnnaa m
] _ -&

Heigite

'
1
.
'
........... e emmermem—ermes
B } .
' ) ‘
i [ .
' ' '
1 1 1
] 1 ‘
1 ] '
' ' '
P --
1 ) '
' 1 '
1 ) '
' ' '
' ' '
' ] '
. ' '
. ' '
S
[ ] '

s49352U MC-CDMA luaniizniiainiyl

519 4. AUs50U

B

1777

—~———

Y ag dqy i
#2075 N1F Virtual

@
a

a
NN

Y

UATINUVBDIAIY

1

LIUAINY

£17UN51ls

Ad1YBINI

U

sdn 5. A

B

Carrier

45



5. msWannmadiamsaanansznuonas@aiounuulaithed ady

[-1"1"] ' 9 9 =1 a 9/ =y o w o as y o

Fait 18nd1ndeduivatums Minaialuees nnera i Idameanransznuen

i 4
a o 1 a [ d ~
anuRafounuy lududaduvernsvnodyana luszuy Mc-coMA AldTinnunonyly
a [] ] s a o 9/ a q [ [}
nsaailymdanaruguiu auzdiselddnunazaginszuauitiieanilymeinan ididu 2
Uszinnnan q TAun msdensiaurmunzay uaz msnldouynvesdygialuudazaduwine
1 o’; as a d’ [} a kY 14 ] p=} a o
oo Naaeedteunsoaanansenunnauiaiounyy lifudaduldedrslidsednam
Y v an =) Y ' : o 14 ~ o g v Yo a el

Indifiveiu AEmsidensWaudiiui 1doin Ianududeuge uazervdana ldswiusdaurnog
1318 luszunidesasun st douyuvesdygnlunrazaduninziss aAnududgon

I 4

] Yo &2 2
luladiadawaveanisunsn

0 da

sunsaminualdnndmaunguuasiwuyuiild odwlsias

ya o

° Y o
ﬁﬂﬂi:ﬂj]ﬁ&ﬂ% N“nﬂ‘ﬁll’duiiﬂuz“nﬂ%m ﬂmzpjai]ﬂllﬂ NINT

il
=
fl

Aau1n1s 141A5 995 uLUY Multi

. 9/ [ I v 1 d’
User Detection |1 mnilyymiasnariegluvaeil

¥ 6. nvuzvssivnodoanai lfududy

46



0.35

1 ~o— Linsar Amp

—o— Nonlinear Amp A0=1
1| —a— Noninsar Amp AD=15
—x— Nonlingar Amp AD=2.25

1 i [} |
L} [} | 1
it Entntie ealinsie Renfetie Rty

0.3 1

0.25

« 021

w
0 515

0.1 -

0.05 1

71U 7. usI0ULYBITTUY MC-CDMA lunsfifivesdygnaflianyueaie q iu

035 0 o e _ —e— Linear amp

03+ -\ oo —o— Nonlinear amp

0+—+——TTTrTrrrrrrr—r T r T —rrr—r

0 2 4 6 8 10 12 14 16 18 20 22 24 28 28 30

Order of Walksh Code-32

519 8. aussouzeesszuy Mc-coMA lunsdinldsWanruanaradu iwododenndlu 1 1d 1y

U

9 =Y -1 ar 1 Y [ Qs [ c; ] o Y
ms Wmaindenswaudlunmsudflymdnyuzassdivoodynud lidhuiadu

6. MINaNMANANITanTYYINMINTDA

o [ v

9
MATANI ARTYYIUUNINTBN NINTUNINTRATENING LY Msunsnaeadudydnbal
wazmisunsnaeatuniunme  Sumeilafdvydviuszuumsfeanssaufunuunea e
Yoo o /v gy a o o o Ay Y
augdItviimsdszgnddsuldmaiinaadygraunsnasatuaulunaiy q Uszandsilanan
y_ 9 A A o & : v Y
ndan  wuldswiumsfemsuuunatwdas ufeasravesnisunsnaenseniedly 19
' a 1 as 4 o W N y
sanfiumsiszuugesdygrauioasnavesnisunsndeatudgydnyst uazdwaaunme 19
- b4 v )

safumaiinaanansznuainasaaiowiosninanu ifududuvesisesun  iWeaana
] 9/ o [y [l 9 a o ﬂ
voimsunsndensenIedly  Wudu ewnanldimainnmsaadynounsnasaiiy

v 14
amdszneuluumusznnanuitentlumenul

47



matansaadaanuunsnaoand 15 uamddeluge 1 P 1dun
14
matinnaedygiuunsnaden (Interference Cancelllation) matatigninausluszuy Ds-
CDMA 19 Tasiivanmsiinufenniowadesdyaisumsnasaaiion o lUnds
a Ao 9 A ow 1 AY AaM o a Y b4 v a [y
ponaIndyIuisuin1d malndend niidednsiinnududeuios niwniidyminnmsaiig
o = a vy v a g Ao p Y a o ¢
dyanaunsnaeaiounanain uazilgmanuasilumsaadudeyahsumls matannde
dyanaunsnaealidiony 3 Usaanndn 9 fe uuUYUIM (Parallel) UUDBYNIUABITID
. . 2 ] = vay agy Y ] [
(Successive) LAZUVUNAY  (Hybrid) Fwsazuuvsziiguauifdendodosunnaiaiusen
Ao a 3 a o 9 ! . . !
wenvnigalimsIdmatiaindsuiedau (Partial Cancellation) ¥IvaARAvEYyMININMS
asudynisunsnaeadiourinnain
a s o a 4 kY a 1 Y vq ¢ 1
Anosiames (Decorrelator) (flumaiinfiadiarssnsesiimunsontondyannvedldug
¥
azAupenININAUTasdsirainnaveInsunsnaensenINgly  madafiianududousglu

a a Yy =Y o a J a 2 ] ~ a _ d
seAvdunaig wmﬁﬂﬂaﬂmmsmsmmmmmﬂwmu GIN8']i]ll‘ﬂiyﬁﬂuﬂim‘lj@dmﬂiﬂm@ﬂ

14
I 0 o =1

14 v
g1 uazmaiiaiidsdawalidyanasunauuumdinasgedn 39 lumns e ldauluane

Ao LY 9/

b4
Afdedyanudes  matdaimusohiauuuuliuddaludald  dmsuauitoueanguise
14 ] [ 14
madiafigniunyszgndl¥tuauluszuufeamsnaiudasNdnug mus 2UY DS-CDMA

nFosfunuuiesnuuyIdinundoiidenesvenNuAANa IR NgA  (Minimum  Mean

'
aA o

Square Error Receiver) mﬂﬁﬂﬁwgﬂﬁmuﬁyumsﬁauﬁﬂnumwmﬁﬂ@?mmaﬂuﬂsmﬂamutym
FUMUUUBIMADRIAA Taomaiinidesldmindeesdymiasunammndidin
Ysznouday mﬂﬁﬂ%ﬁﬁf:gﬂﬁmwﬂ‘ﬁ"ui%'ﬁmwu MC-CDMA  uag9nmsisy  wunil
Uszaninmdia  Tunsdin linswmnsaanewvewesdagaiiuiuenluudasadumnzdon
frunsaldmmuadauieiuaussouzveumaindild  SautinszAngamordooninisld
mmsaaneuvesesdyanaluudazafumnzdesfiuiuey

mafiny3undTuFnud (Frequency Domain Equalizer) Lﬂumﬂﬁﬂﬁgnmuaﬁumuﬁai‘ff‘lu
5911 MC-CDMA Ai5m3#1 Cyclic Prefix eg1anefisamaiingananiinnududoust s

@

Y a o v a [ P o { o .
dudsznidiia gUuuuaie g veanalindSuud uFanud vazgduuunsm Cyclic Prefix gn

4G

=2 = =1 1 = aa a dc:’ = 9 - = @ a”
anyulTouineuetisazdealulnssnuyeaidndsygnssutlgamediiswazidoad il

Ya ar Y o = o P} o
ﬂﬂ!$W'Ji]U"lﬂﬂ1ﬂ1'iﬁﬂ‘H'Illag‘l’l'lﬂ'lil‘UUUI‘lJillﬂ'iﬂi]'laf)\i'i?u’UU MC-CDMA

y

Y

WadeRlmsAnyuNDRIN15$1009A0 FoIdyIUNUMINIZIAIveIdulseAnTnIsannen

o . & ' o 1 a o Y v adg o
LLUULﬁﬂﬂﬂ'J'IiJﬂLﬂHLLU‘U Rician cmwummﬁmaawaamymm‘vuﬂﬁﬂé'wwaﬁmsmam

48



Fosduauinnnsznefvesduilszdninsaansunuuidenauiidiuuuy  Rayleigh ua

[
71

Q. LY a o . [ a o d a
wuedulssAniiuanade Line of  Sight @1 ldludiusivsesmauimdiFadouves
1 @ . & b4 aq o dy b a
oI Rayleigh ¥4 1a1NMsas19a0uITM 10098 Iyl lisunsn MATLAB maifiams
P~} ::‘ o 8/ T e U [ %3 o A a -dy &8 o Y
aansuuuudenauih Idmsdidyanauainmadeludinesulianuianaiauinay seihld
933 Equalization AN1ATUINBITAANIUAANAIARINGT? Equalization AN ALY IN1TI1a04
v
‘Iuiﬂswmﬁﬁag 3 %%n v EGC (Equal Gain Combining) ,MRC (Maximum Radio Combining)
w8z ORC (Orthogonal Restoring Combining) IANANT$1809WL31 MRC T¥Hadni1350wu Ty
] a [P=] 1 3q ¢ . .. Y a 1 A A
yosdayn i lulin1sunsnaonsenI A1y (noise-limited channel) 4ay ORC MHaAn3135aU 1N

1
as L)

] 1 [} o a
FoIdYIUANNITUNTNABATENI1 19 (interference-limited  channel) 8613'15AA 1M 35 ORC

2

[ v
el BER Wigelunsdinlidynausunings vennniideldfnyuasdrasmansznuves

L] <

AL a

Delay Spread Niifnf18as1AUAANAIATA 11U Equalization 1ULA199 WU UHOA1 Delay Spread

o @ & @

dunna nieluresdyauid anuduiutvesdulszdninsaaneugs 92119 Equalization

3/ a o A a o A @ ~ Ao A . .
1enan 1ud Weiouiulunsdintesdwaui Delay Spread H1f1 11189910 Frequency Diversity 1

00

1 @ da ° a9y ¥ (Y
FOIAYYIUNY Delay Spread A19EUATHBUAIUIEUNU

@

matmdensdaud 9905350 wudrsWauduaazg lugasiafimanduiusduuuy

° 1 @ ¢ ' ¥ o W ~ ] @ i
adnaue 1ugAs e Walsh Code tiudu Imanduiusdn limidulunsdiveswesdynmii

v Jdo

ar Q/ £ QJ L} AA 1
ANUTUNUTAuYBIFUlszAninsaaneu luuaaznauN Iz toy (Correlated Fading Channel)

msaudssteduiaiiugaisuduvsunniindensiaun insvveanguise 1aansziaunis

4 3 J o Y @ 1 ' 1 3 . =1

iofuumanduRutvessiaudoye lu ¥99d 10 Correlated  Fading Channel  laniilu
A

Waduuoaf1 Delay Spread tarsrozyIvsInauUMIMzios Aamiigiuiielddeensidrly

u

°

L} a ° 3 v o Y o (Y] o A @ '
BRI fy I a0l NIz ANumManduTusvess Haurndideey fusWaniidegnldey uas

v o A o 1g Y v o e 1 g Y yq ¥ " Y Y o
anduludensauni Idmanduiusainadinga g daulnid lsgeedy o
mAanas 19 HauHyiadfiqe (Optimum  Signature  Sequences) 1452 UU MC-CDMA  1u
' @ = a . Y aa vy a ac
#oIFYYIUUUVITONAIIWE (Frequency Selective Channel) Tavldammiaadalunisldsudionds

¥ 1 v
191 (Iterative Algorithm) INOINYAUTTOULVDITL UL

49



g

1.00E-08

4 6 8 10 12 14 16 18 20 22 24 26 28
User

317 9. awssougvsunatdnlsuunluFnnuduuuas q nSeudioutusiuudly

01— -
______________ 3
______________ 3
[ooooIzzziziioa
___________ =
______________ 2
v [se
T .
@ . :
- R A
0.01 [ < __::::::::::3
K----------m-- g
______________ .
1
______________ 3
______________ S . .
Carrier Spacing = 62KkHz, Trms=6067 5 boC Correlated
—————————————— Apmem=mm--=———— __a_ MRCLLD.
1
:!VSNR =10dB ——t— MRC Cotratated
0.001
2 4 6 8
User

dl a as Y a d' 1 ] as dld
3U7 10. qussouzvoumatatsuud ludmnuduuuas q lusesdyauiiianiim Comrelated

foufusesdyanaiiiiudassaeiu

50



0.16

0.14 1
1
0124 ---1
1
0.1 -} 1 -}
1 1 i
R R R R
e e e S o e R At M
1 1 ] ] 1 1 1 = i 1
e e o T e
. | 1 | 1 1 1 1 1
002 pmmqmmm s p T Ty e no oyclo pref 77
o | I 1 1 | 0 1 T T T 1
0 2 4 6 8 10 12 14 16 18 20 22
SNR (dB)

—&— Praposed selection scheme
—a&— worst case selection scheme

0.03

—=— random selection scheme

: : . . n : a [ ] » : n
04.025 -...5...:..{..3 i
oo A
0.02 +ommemaafhas % emusnen
L] n ' d 1} . L)
i - H ¥ @ o
2 0015 42 $ ™ Loobadoada.
A ‘ LI T B S
L 3 . L ] 1 1 .
001 o : SRR -
Vo K Vor e
0.005 1 cpedecfecpashagacirn
r g -
n . = o = L] 1 ] [ ] [ ] [ L] 1 1 [ ] L
————
1 2 3 4 5 67 8 % 1011121314 1316

Number of users

317 12. dussouzueants 14 matladensdausd luszuy MC-CDMA

aydwanuvesngiiIselusen

= a o o a 4
MeiwusszaulTyyIn 31509

- APPLICATION OF BIORTHOGONAL SCHEME ON HIGH-RATE USERS WITH

INTERFERENCE CANCELLATION FOR MULTICODE MULTIRATE DS-CDMA

SYSTEMS

- APPLICATION OF ADAPTIVE FILTER BIORTHOGONAL MULTIRATE DS-CDMA

RECEIVER

51



- HYBRID INTERFERENCE CANCELLATION RECEIVER USING ADAPTIVE
WEIGHTED THRESHOLD FOR MULTICODE MULTIRATE DS-CDMA SYSTEMS
yirdoinoiinutszauiSaanin 3 eq

- PARALLEL INTERFERENCE CANCELLATION RECEIVER WITH ADAPTIVE
FREQUENCY OFFSET ESTIMATION FOR MULTI-CARRIER CDMA SYSTEMS

- MODIFIED V-BLAST ARCHITECTURE FOR MC-CDMA SYSTEM BASED ON
HYBRID INTERFERENCE CANCELLATION

- PEAK TO AVERAGE POWER RATIO REDUCTION IN MULTI-CARRIER CDMA

USING PARTIAL TRANSMIT SEQUENCE

InssnuszAnlagnes 3 Iasenu
- A STUDY OF ISI FREE TECHNIQUES FOR MC-CDMA/OFDM
- A STUDY OF FREQUENCY SELECTIVE FADING FREE TECHNIQUES FOR EACH
CARRIER IN MC-CDMA SYSTEM
- A STUDY OF CHANNEL APPROXIMATION TECHNIQUES FOR MC-CDMA
- A STUDY OF PEAK TO AVERAGE POWER RATION REDUCTION TECHNIQUES

FOR MC-CDMA

unanulTunulssgussduuma 3 unany
- GROUPWISE INTERFERENCE CANCELLATION FOR MULTICODE MULTIRATE
DS-CDMA SYETEM WITH BIORTHOGONAL MODULATION ON HIGH-RATE
USERS
- NOVEL METHOD OF ADAPTIVE WEIGHT FACTOR DETERMINATION FOR
PARTIAL PARALLEL INTERFERENCE CANCELLATION RECEIVER IN
MULTICODE MULTIRATE DS-CDMA SYSTEM
- CODE SELECTION SCHEME FOR MULTI-CARRIER CDMA IN CORRELATED

FADING CHANNEL

52



unanuluailsegussaulseme 4 unany

- INTERFERENCE CANCELLATION DETECTOR FOR MULTICODE MULTIRATE

DS-CDMA SYSTEMS WITH BIORTHOGONAL SCHEME
- MULTICODE DECORRELATOR MULTIRATE DS-CDMA SYSTEMS

- PERFORMANCE INVESTIGATION OF INTERFERENCE CANCELLATION IN

MULTIRATE MULTICODE DS-CDMA SYSTEMS

- BLIND ADAPTIVE DECORRELATING DETECTOR PIC IN DS/CDMA SYSTEMS

;Y
o3I AN UNAD0IS 10095 2L 2 FU

-gpsWinsnouiumes 19 luszundfiamsiulad §u 2000 Professional Tagldnimn

C++ WAL Microsoft Visual C++ 31 6.0

4 L4 a Jd o ¥ v
- o5 HIITABNAAADT W1 1o 130181 Matlab Ju 6.1

PP o o =S w =Y
ddandusamsenuiszaulSyanin 3 au
=) o o A
WIAS NV AR
Togtumdafinyiae luszaulSyynonidsumediu detadoulfidnsves
Prof Hiroshi Suzuki 4%13M8188 Tokyo Institute ofTechnologiesﬁflﬂ’sm‘il’mﬁﬂﬁu
as r= =)
wNaMalHs s1esinsoelng
Tapiuihuiiuiransegiusin MOBICAT
Q’ o=y
WIYANA 91311V

Topiuhomdiuieansegiuisn TT&T

53



a o Y] d o
s1wandeativanyseilseditliulszana 2545
a e 1 o :; t&
Tnsanmsiaetaadau 3 15049
Yo A \ t& o @ d ]
szuusudeayanaiieamen nauuugamdwnivinalng

(Thai Large-Vocabulary Continuous Speech Recognition Research Project)

(Y

HiuAnyeulnTIms

RIFNTAATINGY A5 UM InTHUTAA Wi lasems

[ d
Tngiszaen
o o ) o [ & 1 3/ q’: a
Janngudeyaidoayasenitoin i nelugduuudieg vannaredyaisnouaz s
o o ' § o A aw
2. masanugudeyafssedeiiosduiiunannenszoznainedlnsanis i

° v 4 o '8 '
3. adszuuisudsayedoiiownu nsuuugadidnivinalng

eae oo

¥ o ) VoA
4, INITUU in’]iimQﬂ@!aUQW“ﬂ@]@!u@Qﬂ‘ly’lqﬂU

Yauaazt mineve nIIn1s 198
Y Y o vooA
1. afugmdoyaiduamadeiioiniv lny

Y Yo a ' A
2. aduszuuisudvayanerioan i ng

e ulun 1

= Analysis tools—text analysis, speech analysis, and speech labeling tool
o &4 A4 oA a oy o W v 3/
e Tsunsuerthunioviie lums Jnsevdennuuas@oayad msumsas ngmdeya
@osyauazas sy udena

* (Clean Speech Corpus (Dictation / Monologue)

Tudoyaifvayadoiiowuuls A Indyinusun iy

*  Thai Continuous Speech Recognizer (Phase I)

Y Yo o 1 A P
ﬁi’Nigﬂ_ﬁj?‘Eﬂ'\lﬁﬂqmﬂ@@Lu@QﬂhlB’\vl‘ﬂUizﬂgﬁﬂ 1

4 Acoustic modeling of Thai language

54



4 Tone recognition for Thai Continuous Speech

ar ° w A < =N d
1 mavalilsunsudrmiuAns1endon 31 (Text Analysis) N3 1ZHALINA (Speech Analysis)

uayMNUNYIeTe3 (Speech Labeling)

TumsWaszuuidndoayaneiosntvt Inouuugasidwivnia lngsuilunvzdeserd

v

«ﬂy a < [ av AR Y o .; A a 4
WHFTUMTUATIZUAUINBUSVDINIY ama%u%d"lﬂ‘wmuﬂﬂmﬂimmmmmmssz‘ﬁ

@ A

AuanyuzvesmyIagduuudennuuaziiviyadaliswaziduadeae 11

o v a <
1.1 Tlsunsudmsuldlunisinsizvidendin (Text Analysis)

LY

0y A 9/ a 7Y o [Y
agilszaanlumswannlsunsu : el lumsTimswidenun e Inedmsumsesnuuy

Y 9y =
AT I N IUVOYATUINA

4 ; o
n3osleflFlumsWann
a e a &

1. szupdianisiulad 2000

. S
2. Tdsunsu Visual C++ 139591 6.0

a a ¢y

padnyazvedllsunsuimzidennu
uaaswams unszvdenulugduuuvesnsuanue st auniiodoan s Inovandy sz

ATTUALITIUYNA

55



Thal Phonetic Analysix for Windows ] L o BA8
; 5! aime iaoox j

i - Textiput File — - s o

: | ymport

| Analyse Close

[ [C\TEMPrsyabie one\G2uriobelied one syRobie Browse Passage ‘ 41

i Phonatic Analysis Results - Passage Lists
i =
i [CATEMP\syBiable.tone\02unlabelled.ior & ci | v [ci [ T ]a
a i 3 Uttered Paragraph Lists
"‘h o8 n g NoJ P aph Delails
pl [
s 1) P 1
ie i wa ng 2 I
TR e |« T »
Consonants Vowels Tones
C&CC | Amount (4 Vowels | Amount |4 Tonss Amount
Joh! 149 fif 250 10/ 1600
10! 151 it 225 n 985
vl 297 | At % 121 1026
I3 24 | 1% 06 13 609
Johr} nz Juul 139 v 14/ 438
|« ==y .| | « PRI .

onsess | gy | gy | i | i | guws | s J see) [ ver [ yaar | fal [ Jooj | fof | ped | i [ 18/ | tei [j@@[%
et 22 4 6 0 21 7 3 0 4 0 3 16 1 1 41 47 43
Iet 1 2 0 0 1 0 0 51 /] 0 0 1 0 ] 27 65 0
iy 84 1 a 22 3 14 0 Q 1 1 1 1 2 ] 60 84 15
Iiad 0 13 4 1 0 0 0 5 0 0 18 3 ¥ 0 87 19 20

1 0 0 2 0 1 1 0 0 2 56 s Iy

+ T R

4 o [v) a d A . .
1.2 lsupsudmsuldlumsinsizviiduananiutIng (Thai Speech Analysis)

[

agilszasnlumswannllsunsu : e ldlumsimsizgudnvuzveufvsyaniulng

in303ieNIFlumanann
a wva a 4
1. szuudfianisnlad 2000

2. T5unsN Visual C+ 179594 6.0

[ o d A
gadnuazvedilsunsudinsizviidasyamuning
1. uaawansdszundyn oufoayaaionssuitae

2. USudsusmisdmesveenssudsnlglumsinszdtidosma 1a

msuaaananslsziadyanondueya

1. ﬁnumunwﬁamﬂﬁvimsifuﬂau?%'ﬂmﬁudawﬁw (Preemphasis) #azN13INNTOUTYY DN
## (Frame Blocking)

2. wimvoudeIna (Energy) ANUAYATIM (Fundamental Frequency) 1iag8a3mMsdiarLguUd

(Zero Crossing Rate)

56



3. aulnlasunsu (Spectrogram) Y IdgyUFuIYA

4. malnasuue syt 1ideaya (Short Time Spectrum)

5. 1939 (Real) Y93 Ceptrum

6. 2NAUMTIIMINY (Unit Circle) 1azdn (Pole) Yo INY WM UsTuRUTETUEN (Linear
Prediction)

7. alnasu 3 TAve Ty 1udeeya

a ¢ ¢
8. ANNANDIUNUN (Formant Frequency)

v d‘ \ a dJ
msdsuasumminiimes
v
[ a a Y ' o w ~,

1. ﬂ1‘w15mm’eﬁﬂjmﬂm‘umumunmxﬁﬂmﬂ (Frame Parameters) laun ns@enyivunouITMs
Y 1 LY o a s FY a I'd o [} o [
IHUAIIN U msmwuﬂwmmamuTﬂ’mi‘ﬂumsamﬂw AT UHAYIUNIDTNVDIA LT U
Julad

2. MMM YINITNATIEHeUnASY (Spectrum Parameters) 1AiA MsMMUASUFUVDIA
[ a ° ° a r'd a 4 o
duilse@nsaneg msfimuasaugalumsinszimulesy5esonnuii
1 =Y o a o ' Y 1 aqg o

3. AN INBTUDIAUONDTUNUT (Formant Frequency Parameters) "lmm IPNITATUIU

~ o o
ANUDHBTUUUN
v “© J :
4, mmsmmawmmmﬁyjagm (Fundamental Frequency Parameters)

LY

1 o [y a ¢ 2
'Ji’)ﬂ‘Nﬂ‘lﬁllﬁﬂQNaﬂi’)QIﬂi!!ﬂiuﬁ‘lﬂiﬂ1%‘luﬂ‘|5'»]!ﬂ5‘lzﬂ!ﬁﬂaw’ﬂﬂ'ly‘l\lﬂﬂ

]
= —

L d
1. dygnoufoayaiiriuduaeuismsmiuanmiuazmsnssudya oudvaya

v g YV

C:AMy Documents\Temp\Vsr123-02.raw
Total Samples : 22299 Time : 2.023 second Yotal Frames : 202

Time (ms) Prepracessed Speech
0 80 160 240 320 400 480 560 640 720 B00 880 960 1040 1120 1200 1280 1360 1440 1520 1600 1660 1760 1840 1920 2000

T T

1.
o
Pt C B !

I He -
" 4 H| H . !
e T " R || L | s

) 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144 152 160 158 176 184 192 200
Frame Number

57



2. Wiwmveudona Audyag L Lazdas NsAARIUEUY

Time (ms) Long Time Festure

400

0 80 160 240 320 400 480 S60 640 720 @00 B6O 960 1040 1120 1200 1280 1360 1440 1520 1600 1660 1760 1840 1920 2000

w
1=
=

Fundamental Frequency (Hz)
- ~
2 s

0 * N .
0 8 16 24
Frame Number

3. dulnlasunsuvosdyg eudvanye

Time [ms) Spectrogram

100

75.00

50.01

25.00

[ B0 160 240 320 400 480 560 640 720 600 B80 960 1040 1120 1200 1280 1360 1440 1520 16500 1680 1760 1840 1920 2000

Frequency (kHz)
w

0

a 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136

Frame Number

4. minasuveadygnauioaya

o
g

LPC Forman Tobctomg #Uof
N oo
" mLaw
n s
e omnnw
L T
" oomaw

144

2 10U

w SH

ogminty 2%

xrearr
i

Leers
iy
armn |

rana

LPC Astncarmeiotins Fttat Trociing [Liegotiode 140

N e
N omnw

Caprarsl farmast Trocabeg Piat

N man
" opaeam

raN
LT T
n oo

B

e
wcnn

agninrty 1o

~

1rs
exren
onu
(ALY

ol

168 i/b 164

19z zud

58



5. A1939U09 Cepstrum

FFT Real Cepstrum Frame No. 172

0.200

0.100

0.000

-0.100

0.200 : H H H . H . . H : H : : |
0 16 32 48 64 80 96 112 128 144 176 192 224 240
FFT Index Fundamental Frequency : 88.20 Hz

é ] : @ =
6. ’NﬂﬁllﬁuQ‘HM’JULL@S‘U'JﬂJENWﬁHWHﬂWSﬂSSUWNWNﬁ&‘NL’gu

18

LPC Poles Plot frame No. 172

LP Cacfficients

s[1]  -1.0656805¢+000
8(2)  -1.5063469¢4000
al3] 35720162001
a8 92347663001
o[S]  2.5663634c+000

x* a[6]  1.6058253c+000
a[7  1.0537777c+000

x o[8]  9.97774200-001
(9]  -1.6451005¢c+000
#{10) -1.8351968¢+000

x a[11)  -8.9839045c-001
a12)  6.8088484c-002

x ald]  4.0421258e-001

al4)  5.4089473e-001

o{15) 2.3412035¢-001

. a{16)  1.B155685¢-001

LP Autocorrelation Coefticients
X

a1 $.01326540-001
a(2] 125147742001
o{3]  4,3865972c-001
a(4)  1.5163292¢-00
o(S]  6.1155986c-002
a(6] 35602710002
of7]  2.3355364c-002
a[8]  1.7144267c-002
a(9)  5.3596564¢-002
a(10}  2.1507637-002
a(11)  4.3003815c-002
s(12]  5.4985375¢-002
afid)  -2.1031135.001
a{14)  -1.3144829-001
o(15)  3.9B86634c-002
a(16)  2.5159687¢-002

Roets of LP Polynamial
1. 0971300872
2 0813-)01872
3. 0.2833+)0.8303
4 0.2833-)0.9303
5. 0.1269+}0.6608
5 0.1269-{0.6608
7. 01636 + | 0.9403
B 0.1696-] 0.9403
S 0.4389 ¢ ] 0.8164
10, -0.4389 -] 0.8164
1. 05677407547
12. 0S677-j0.7547
13 0.7728+)0.5758
14 0.7728-}0.5758
15, 06523

6. 07828

i

a
Frequency (H2)
33415
2231.49
24237
3063.39
s21.n
3887.96

4309.11

Roots of LP Autocorrelstion Polynd requency (Hz)

0.8685 ¢ | 0.1936
0.8685 - | 0.1936
0.6305 ¢ | 0.5814
0.6305 - | 0.5814
0.2839 +] 0.8431
02639 - § 0.8431
0.1930 + ) 0.6993
0.1930-§0.0893
0.5170 +]0.7328
10. 0.5170-)0.7928
1. -0.661% +)0.5475
12. -0.6611-)0.5475
13 .75+ 00379
14, 0.7358 - 8.9378
15 0.4303

16 0.3897

CR NP AN

104,892

1296.06

2186.32

3127.14

3710.29

4296.60

S187.41

59



7. anasy 3 davesdyarauioans

Magnitude

P o o
8. ANUANBITHUUN

Time {ms) LPC Formant Tracking
Hz g 80 160 240 320 400 480 560 640 720 800 880 960 1040 1120 1200 1280 1360 1440 1520 1600 1680 1760 1840 1920 2000

6000

5000

4000

3000 - 7

L

2000 |-
<

1000

0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128 136 144 152 160 166 176 184 192 200

Frame Number

60



1.3 Tlsunsudwmiulslunmsiiudssyaniulng (Thai Speech Labeler)

Sagiszasalumswannlysunsy : Weoldlumshiiudoayanivng

A3 90BN 1T I HMINAN

1.

szuulfiiansiulad 2000

2. T1sunsu Visual C++ 1193%u 6.0

padnvuzvesllsunsuvenyiiave udaayamuilng

1.

neraIHadNYME Ay IMdayairumslsziiana

2. UsunldousmisiimesvesnssudTalsludssnanaoayald

msutmawamsﬂs:ma&’mmmaﬁm

1.

] mﬂ
o =

1 a, kY ] EY . ar
Ay raudoayafiduduasu3ITNsINaI9MIT (Preemphasis) HAEN1519NIDU QY I

€e ¢

1@ (Frame Blocking)

W10 UT0YA (Energy) AUDYAF I (Fundamental Frequency)

a

an1asunsy (Spectrogram) e Id Yy I1ATIRA

v H Z
msUSulasumwiniimes

1.

v

1 a 4 as t o o Aa.
A5 1303 V0N DU TR 100 T0IWA (Frame Parameters) lAuA nisidonyiuneudsns
Y ' 9 o a S AG Y a L4 o ' o '
U WU U ﬂﬁﬂTﬁuﬂ‘UuWﬂﬂJﬁN'Juiﬂ')‘ﬂi‘lﬂuﬂ’]'i')lﬂ'i131’? AINMHUUATIUIATVUDIN UM UN
ulad

] a 4 a ar v ° v W 1
AMW151RB3UBINI AT I AUNAsH (Spectrum Parameters) MAMA N5 RINUASUALVDIM

Y] a QJI ° ° a J a ¢ [ I~1
dulsz@ingengg msdmuaiugalunmsiiesizinisudasGesennado

61



Qs ' o [ a ¢ .
deeansuanwavedlsunsudimiulilumsinnyii@ssanuting

P
1

Thal el s i ity it At s i A

o I P N R T T e T

2 msadeguveyaiayanetiio w1 nFyausUNIY

= < 9y a

Y} %} I A Aaoe = a Pl
ﬂ']ﬁﬁﬁ1@j1uﬂ]@ua!ﬁﬁﬁﬂuﬂﬂﬂluﬂﬁﬂﬂ‘i]'ll‘ﬂu1’]‘03ﬂ@\3@1ﬁ0ﬂ'lﬁ'llﬂﬁ'lzﬁuazﬂﬂﬂuﬁugﬂ
b4

Y

2 = o Y

{ a 9 Y] a
sz loanezldlunsunmdoslmuizay lududuldifendonnuainmiisdeiimudail
q H ] ° [ o a I'd
iWiesninldmmidouaziifinmidilsamadesuinminninsizigldsz loadaoTdsunsy
PN LY P ] a a a [ = a [ a ° ¥
ANTITHVOAY FanuNdeanuininiudathifivsedruderdelufvawe fezrinada
¥ a . A ¥ =2 Y A a Yo v o & A A ' ¥ ¥
yudeyaidoayadeiiiold Sseonuuudeanuiuay 3dmsutuiindesdn woivzdeald
° ¥ 9 v A4 o A ¥ ' ~ a
Swaudeanuilszuna 1,200 Jeanulumstuindeuie Idnsesunqumiiodosniu Ined
a & o Ao a ~ Y ¥ o a
wavuianuanazdswawioawefezldadrsuuudaoudvaya
a v a a I'd
1M VRudnuuzveuioamAmsuaznangein TUsunsudnsziidoye

~ o

a o d? 9 9 (= 1 o =2 ﬂ a 9 g = a’/‘
INaudRAuny A uAnARAY - adanuduuiszdeunus s amdoayave I
a g a0 Y d ¥ a 1A o a o
monaziwanaaie - uvaedl lnususndeyndoayaneliio i unAmoLASINAM 1Y
' o a o 4 gy a s Y
30 auntailumenod oy 15 aueswangesay 15 awie 19 umslinseuasai
o a 1
nuudraoudvayaan 11
a a ° ) 9 o o . . 4 ] Y
wiannfuiin@osaudrhidlufiszdeadinisdiiuidosye (Labeling) iitousniudosil
' 1 a o 9y U o w A e Y o @ y
sgluanalaveudvayarianua Jeyai Idninmshiiudomeiioz 1ddusumsads

° a a A '
LLUUi]']a@Q!ﬂﬂﬁw\,ﬂi]’]ﬂ!ﬁU\iwuﬂﬂ@!u@Qﬂ@Il‘lJ

62



v Yo o oA -
3 ﬂ]iﬁi]@izvv?ﬁj'l!'STUQWvﬂﬂ@luf)QﬂTH]‘YIU?%UZ‘“ 1
Y Yo A -~ ¥ oA v
fnifﬁ1\35$1J°1JZi]1LﬁUQWvﬂﬂﬁJLUQQﬂ11”171011«!53037] 1 ﬂizﬂ@ﬂﬂ')ﬂ 2 AIUAD NMITATIN

o Yo [ J A o 2 @ v e
uuuSiaeuduanauaznis ;s 1ssuygndifvayaaoiioaniy Iny dadiswaziBeaasde 11l

3.1 Mg wuudias udsaya
o [ 4 ° e 4 ~ o P=Y as
Tunisafheszuudhudvsyadeiossuiluiszdealinsdnuinazsiaousenadnmag
. . L a e d’ yq ¥ v = 1 &
(Acoustic ~ Modeling) maammmmm'lm 1uam'.mUu'lﬂ‘l‘vgmmagmammmmaumu
Usenndygrusuniumadiawuiasudviya Tagldwanildsunsuildlumsashs
. a2
uuudaeuiuanadiu
b o ~ Y J & Py o o r=1
nsafuuiasufoiyesz1difvayanoiowazdeniiuoinmsiiiuidoiya
v 1 v v
(Transcription) #i 1d91n T)sunsuirifumiin@oafiRanniusuiiudoya Yuaounisaiis
Q 1 P} ‘:'
suudraoamindvagauaasluglil |
A b4 o = 4“ v Y o Y o @ ] <
is lduupasudomaiiiosdundy musoshldidwaunssvuifumindeamn
s wva 1 Y aw P 9 as o ' =1 s a1
oo ludaae 11 Healuanuddolussoshanssz Idvmunssuusmifunindoauusa Tusiade 1

4 3 ' A ° as Q ~ ' 4
waf ldvziuuuuiiassvesmirodomadazir 11 umsRannszuuisudoayaneiios

)
a1 Tnede ')
ot
Labeled Utterances m“;"y"m ml’fﬁrzsﬁ:rr;gr;s—“
molihamw
T o
Unlabeled Utterances
il P
lekkhimniualeekd aa “
jimsangsusajngeam {*"' }

o 11
el

PHASE | < | PHASE Il

| —

d’ g p 4 9- P
gﬂ‘n 1 NITHANTZUUAINUUU 10D UTUIYA

63



1 4

TuamIdoti1971)51n33 Hidden Markov Model Toolkit (HTK) 910 Cambridge University

o ™ & 1 ™ ' {
Uszmadsngy Wnudunuulunswenn dluszezdi 1 ldWannTsunsuludwi 1fueaslugy
1 udr dwluszozh 2 deswanduiimiosnasld  wenvinldsunsunldlunsada

o ) a v v ¥V @ Yo v A Ay “ o
puuHasaindowds  fdeaiannssuuiiudeayadaiiondis  iNenadeuLLUS a0
' a4 4 v &y Y 9o A ' a o M Yo o

wiodoinadeiudeldszuuisudomeaoiion ualuszozh 1 A5l lanimsWaussuy
v = A = 9 o & Yo i A = < as
dumae  S9ldldsunsy HTK whmsnadey  daszuuidudoianeiioliswasidoaa

waraslugli 2

Word
Pronunclation w;':‘:::“
Dictionary
..
PHVVN THil PHAAK KLAANG
(=)

J Generate Convert to Recognition
.‘ '. “m J 5 Process Observation Word Lo Transeriation P

N
Il

10.000000
5200000 6000000 ph -522 876492 PHVVN -89.000000
6000000 TH000I0 vv -1074. 799438
THO0000 BFO0000 n 535,21 5888
8900000 10000000 th 621995505 THI -29.000000

19500000 20400000 ng -524.503052
Trained Subword Models

—

510 2 syuuiiudoaeildluauided

e

[

I WAZIDYAVDINITNADD LA

1. Tdmindus phone, triphone 481% onset-rhyme

2. GHAWATIOSIUIU 9 AULAZINANAINT NI 11 A

3. MNsSUS MY Gaussian mixture 910 1 Wusunaar 2iManunse e 16

4. doyanaaevilsynoumodsadyanosiuag 9 au uay ngas o 11 au dyaurasauya

2oMTB931IH 100 U5 Ton

NAMSNATDULAAIIUAIT NN 1-4

64



o

o Vo v 4 Y ¥ . "o
M3eN 1 wans S udoanaveraweaenonuuIURuna laold acoustic model tviniuy

G4
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Modulus Algorithms)

Orthogonalized Constant Modulus Algorithm

- nindeiduiin cma B8annsgididiues 1 Aden1d1deglugaaiisidaite W
danesnuiauedaatios ¥nlviia modified version ¥89 CMA ﬁidl convergence performance
N1 CMA LLLAY ﬁ“é@’h_Orthogonalized Constant Modulus Algorithm (OCMA) “Aﬁﬁvlﬁafmﬂﬂﬁ

. a . . . Y Y a
fi updating term Y893 CMA WULIANAQ inverse UYBY autocorrelation matrix VBIYVDYAVUUT Han

¥
p=1

YA o vy Y o ! a Yo
"lﬂﬂawﬂmay’ammﬂawﬁlumyiymum'uqn @ﬁUWUL‘ﬂuﬂHﬂWVlﬂﬂQ

w(n+1)=w(n)- ,uR"l (n+Dx(n)e’ (n),

R'm) 1| aR'(mx(mx"(mR™(n)
l-a  l-a|(-a)+ax" (R (n)x(n)

R (n+1)=

Taei

OCMA, |: e(n)= ‘ig;
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1.4.2. Linearly Constrained Minimum Variance Beamforming (LCMYV) [7]
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dane3u (Case Study in Random Phase-error Effect of Antenna Array Processing Algorithm)
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3.AIANUHANATIANIUN ALV AINANINLIAADUVDITZU ( Phase Perturbed
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20 30.742

50 30.137

100 28.853

100000 10 34213
20 33.548

50 33.027

100 30.874
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Frame-rate (FPS) Compression Intra-frame interval (frames) Average
bit-rate (bps) Bit-rate
(byte/sec)
1 50000 10 190.22
20 183.22
50 ’ 165.43
100 160.24
75000 10 932.54
20 215.85
50 209.9
100 200.5
100000 10 1223.86
20 1282.44
50 1254.23
100 1248.7
5 50000 10 953.4
20 915.7
50 824.15
100 803.65
75000 10 4678.4
20 1077.26
50 1049.5
100 1007.4
100000 10 6201.8
20 6416.8
50 6473.16
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100 6543.5
10 50000 10 1904.6

20 1831.4

50 1645.4

100 1612.4

75000 10 9354.07

20 2154.3

50 21032

100 20173

100000 10 12401.5

20 12835.7
50 12944.26

100 13084.3
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Density function of normal distribution
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Ubgcuments\Research “simulation time.
- mssistance\goods\ANS \nelworl 10000 -| €= _9
[link number] ~| I[node 1)) SOURCE
3 - source node have no paramater tc
[link 1] [node 2] SERVER
120 server busy time
[link 2] 8038.29
230 number of served packets :
[link 3] 9378
240 number of loss packets
[nade number] 797
4 number of packets send ta buffer
[node 1] 177
00111468234 summation of all packets queueinc
[ode2] 9419.28 ,__o
11122356144 [nade 3] SINK
g [iable number of imcoming packets :
10 4604
20 summation of all incoming packet
32 8251.23
43 [node 4] SINK
[node 3] number of imcoming packets :
2120 477
[node 4] summatiar of all incoming packet ¢
2130 85732
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Tassadravealwaduyn

[link number] link 1 description =1, t, d, node n description
L
[link 1] h, : head of link | node n description
link 1 description t,: tail of link 1 uuel8 3 dszian
[link 2] d,: delay of link | 1 Source
link 2 description 2 Server
3 Sink

[link 1]
. . Source node n description
link 1 description

type #ilink ilinkID... #olink olinkID... rate psize #dest destID...
[link L]

link L description o )
type : value that indicate type of node source is 0

[node number]
#ilink : number of input link for source this value is 0
N
ilinkID... skip if #ilink =0
[node 1]
#olink : number of output link
node 1 description
olinkID... : ID of output link use space to separate each link for
[node 2]
example if output link is link 2 and link3 this field will fill with

node 2 description
6(2 3 ”»

rate : arrival rate [packet/sec]

[node n]
psize : packet size (force 10 48 [bitsec])

node n description . i
#dest : number of node that generated packet will be send to

destlD... : ID of destination use space to separate each link for

[node N] .
example if destination is node 3 and node 4 this field will fill with

node N description
“34
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Server node n description

Sink node n description

type #ilink ilinkID... #olink olinkID... rate bsize
[table n]
1 linkID
2 linkID

N linkID

type #ilink ilinkID... #olink olinkiD...

type : value that indicate type of node source is 0

#ilink : number of input link

ilinkID... : ID of input link use space to separate each link
for example if input link is link 1 and link 2 this field will fill
with “1 2>

#olink : number of output link

olinkID... : ID of output link use space to separate each link
for example of output link 1s link 2 and link3 this field will
fill with“23”

rate : service rate [bit/sec]

bsize : buffer size [bit]

linkID : link ID associate to destination (routing table of
node n) which is start from 1 to N for every table set as 0 for

Source and Server node

type : value that indicate type of node
sink is 2

#ilink : number of input link

ilinkID... : ID of input link use space to
separate each link for example if input
link is link 1 and link 2 this field will fill
with“1 2”7

#olink : number of output link usué]ly 0
for sink node

olinkID... : skip if #olink =0
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[link number]
3

[link 1]

120

[link 2]

230

[link 3]

240

[node number]
4

[node 1]
0011148234
[node 2]
11122356144
[table 2]

10

20

32

43

[node 3]
2120

[node 4]

2130
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