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ABSTRACT

This thesis presents 24 vowels recognition for Thai spoken language. The Thai language
consist of 9 short unmixed vowels (a, i,(, u, 0, e, €, Y, j) , 9 long unmixed vowels (aa, ii,
W, uy, oo, ce, EE, VY, D:)) ,and 3 short mixed vowels ( ia, @a; va) and 3 long mixed
vowels ( 1:a:; (:a:, usa:)

The coefficient of 3" Order polynomial curve fitting is calculated for the voice energy. It
is then used to classifying short and long vowels by KNN technique. The LPC spectrum for the
each frame of the audio signal are then calculated and transformed on to the Bark Scale to
determine the Critical Band Intensity. 9 reference models for short unmixed vowels and 9
reference models for long unmixed vowels recognition are created. A decision rule is applied to

identify mixed and unmixed vowel in Thai language.
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usAUMILIA(time — varying linear system)

311 HUUS 10T IR UNAIEBIYAIE Iy
nuuuaeslii 3.1 Uszroudumsldmaiianissznonadyanuduav(digial
signal processing) AnNIOUARITLVYSTABI U NHATBaYAT IR YA Wit 32
3.1.1.1 pnasddiadaamnszdu wiailu 2 wiia amszanideslaoyiiausn

1 e =& A . o o a or o - a o
WhuimastuiiadoaTuvziveice) MmiiranvuIudygunad A20A1UNAAIN Lazwlian

=

aputlunmrasd wHadyaaudessun By Tunsi
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¥
Twavanua (all — pole digital filter) 13 29v5siFaauuVYOUNAY (recursive digital filter)
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3.1.2.3 6A5IMNTVOIW (gain) UVDINIINTOI HIDA13INAIAINDANTY (s value)
VDT
= o o ] o @ o
31.2.4 WIS AU AL LRI MBUNSod UL ANTU09I99INI DY

o " oar ' o =) ar o
3125 danmsquinetdyyiadvaniednsuiiteya

= ¢ ar 4
3.2 MIIRNzRTYIMFsIaIa Y

Tausssumavesdyanoudoayav: hiadosuoznlaounasniunai(Non-Stationary)
¥

'
@ o -

daiu iedesmsihdyanadoayaumlizyuianadygIuAIAea (Digital Signal Processing)
¥ '
Sasududesnisdyanuwaeenilugianaidi. 4 (Short Time) wolvdynnaudvsiina

' ¥
wawosuaz lunldvuniadinal (Stationary)  9IMinTszasaidyyandeslilszulana

a  aa 1

o114 nsoudsana (Speech Frame) amuemdszana 20-30 Aaaiui i lvdygiu

idoawalundaznsoudvayaiiudyananiindiosias binfaounlammna n13

=

MADUNTDITUINA (Frame Overlap) 9¥111¥300ABYBIGNUAL MAYYOUTYINA 1INNTOY

=

= & w 4 J ad = d o
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¥
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321 n3adsmIdivussnagiuuenaga (Normalized Amplitude)
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(Normalized Amplitude) HAAIAITUATITN 3.1

410 301
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dlo S[i] Aedayaaudueitfuussiaguuendagands
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322 n33UIEMININAIININ (Pre-emphasis)

iieanndyanandoavennud wiiesmsznoudilngeguinunnuddr e
a os a |1a wa . 1 a a a o s : A Y 1
WoufuuouanudUfiifau (Bandwidth) hifu 5 Aladses  daiu  welvidasiaiu

TyoaudvsredyaImIunIu (Signal-to-Noise Ratio : SNR) fimiAoud1aniiinnonyis
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2av3nseedusunily SfsdFudioTowiu

H(z)=1-a-z" Tavit 0.9<a<1.0 (3.2)
devufugli 3.3 e ldh

s [i]=s[i]—a-s[i—1] (3.3)

a " (Y] [ a o :‘n J ' r.: " n;cx o o )
dai @ 1nd 1 oila anwdgafezBignummnniuminiy a1 a Atlendmivlylu
o o -~ & o o w ' o
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wneivuiuaede Tadegui 3.3

dENY el TP, T
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323 MIMUNY TRy N (Frame Blocking)
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3.2.4 M3IUIAd (Windowing)
1Y o a o
NANATSAIMUAVIIAYDIIU 1a)
= o 9 n‘: = e ! = o n’q‘: [ ]
3241 Suladsdesdunenguaniaveaduenstauls sxdnseriiudahin/founlas
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w(n) = 0.54 — 0.46(27m /(N —1)) lo n=12,..,N -1 (3.4)
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Fohus e 18
x'(n)z x(n)- w(n) (3.5)

3.3 WAINUVBITYINTLIYA

wimvesdaanandsama gaihunlFlumsiinseiidoama ua:nﬂuﬂmﬁnumzﬁ
fominnldfuetiwmsnaw iesnniudiisunuioueziads  wiwmvesdyy
doamaiilugumniannaaaliviuiiiidyaandos (s7uadasUNIL) RAd o 1)
yunioly msfunanmwdinn wiifoznseudvaya Tau E, fe Fyaandoamad i T

=) 3 = - o “ o 4 aa o '
NIDULTUINA n llﬁxiullﬂﬁzﬂiﬂULﬂUdﬂuﬂﬂZHﬁiQiyjmlﬂUﬂﬁﬂ‘DTN'J'LI K 335N 13ATUIUNIA

¥
=y =

s o =) “ = o = . o ar 4
wauvesdaaudoawaluingidnwuil 1Gen14I5WAUAIAIADI (Square Energy) 99
FumsSammdunndyaudemansidaes i idmwdanudnom haodyguhi

yualng MImamainuMalaemaafiaunIsn 3.6
Y
Ez= | X5\ (3.6)
i=l

3.4 msﬂ%’uuisﬁﬂgmﬁuﬁﬁlﬁ'fﬁdﬁ%’uwﬁqmmﬁm (Normalized Energy function)

ol arsunsanudoeiivi ldiinsnadeuyssviagmandsamdeiiu - M
1&Taomsfmua IRl uE s dosisnimunils nuidisenaney Fuanaldds
aumsen Ui

¥ ’
A IR Iadadsundsanudns £(n) Dauminu 1
M
> AE(n) =1
N

Tav#i A Ao normalized factor
N fio aAmdanudoaiudu, M amdsnudvagani

A1U190H 1 normalized factor vl?’fﬁi)

1

A = —M'"'—
2 E(m)

¥
@ e '

' ¥
Wiz laamdasnudsairiumsUSuossviagiunasanndos At

On = AEn (3.7)
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o On Ao MWAIFUINHIUMIYTUUTTNATIUNAT

3.5 MananduiUUNHHIN
. _ =1 ad :i 9 a L4 o ar
150A0BUIULWHUIM(polynomial  regression) 1TusziDouds WlHlszAugiandu
) [ 9 l:;c! ﬁ.d c; ' ] a 3 -~ e o
wyiwdmiudeyaniimsnszaelasna i hisglugduuyvesFudunioaumsmag 31
— o o ™ Y P ' [ =
A 38 neaams it lugduunia lodugevesdeyai bildeg lugduuudadu

4 do ¥
ganiandmuanv

"
=

b
gavesdoyalugil 38 9 Usznoudn X, y,,0i =12,...,n nandeiidmau

v ¥ ¥ ¥
o o 3 <

o e = o o @ o o [
Soyansdu 1 Joya Tuitinesdsyiuilddunpusudy m dmivdoyayail

W

g(x):a0+a1x+a2x2+...+amxm (3.8)
b4 2
: i i

‘3 U(x|}.'_ ”d--!“. ”

[ ]
yl

1 &%
I, . e l r - X
X, NE\R X 4

1 # J 1 T
" a & o @
sUn3s s oaneuLULNYIY TasmsseAug Rt FunnnIngavosdoya

1 o 1 ' U A o 4 a;. ] q'
v a,,a,a,...,a, Humasilifidsduoumnndeulvith aumswpuni
a od & aya a 4 dw  d S - e v
wilszangvuniieneldifamanuianma laomdvidosiiganndoyanmuaidmuaniy
n‘: a o & 4 " = :a’ da
Fumoulumstszauiaunswyuindl  Suninmemmanudanan £ fmuainadiuenn

¥
¥ @
n Yoyaluzluvudai

% 2
E=Y[d(x)] (3.9)
i=1

& = o o ar
Frannsodoulilsznoudroilandunuindauaasluaums 3.8 1dfe
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E=Y [y -g)]? (3.10)

i=]
n 2 2
m
E:Z[y,-—(a0+a]x+a2x S R o )] (3.11)
i=1
g L5 a‘: n’ ' e’: Jyad o o Vv
Tunmsmdlidm a ,a,a,,...,a, swndu m+1aniu seelEshaaonioogs
4 i B o i " x
(least-squares) #951191NN1SHIAIAHAA(minimization) YDININNUHANAIA E Tauiivadoa

uilidm noldifaszuuaunisingszneudas m + 1 qumsdes ude

OE w
s = 0
Oa,

OE
FeUS:

“ TUNIT (3.12)
OE om+ 1
— —— 0
Oa,

OE
o WA = 0
aa_

o o T [ q:’ a (J a dy
Sadr0ne 1w aunisusnlussuyanmstianninlszaviuu lde e
n

ZZ[y,- —(ay +ayx; +“2xf2 ot anx] k—l) =0

i=1

n n n n 2 n
Zy[- —Zao —ijal a—Zx[- a _"'_meﬂm =0
i=l i= i= i= i=l

na +(Zx,—)a1 +(ZI,-2)G2 +---+(inm)am ':Zya'
i=1

i=1 i=l i=l

= o e = &4
LAZIFUIAUINUNUTUNITNTDI "Bdﬁﬂ
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Abstract

This paper presents method short and long vowels recognition in Thai spoken language by using
voice energy feature. The feature of energy is fitted by using 3" order polynomial regression function. The
coefficient of polynomial regression is used to classify the short and long vowels by K-Nearest Neighbor
technique.

The vowels in Thai spoken language consist of 9 unmixed short vowels (a, i,(D, u, o, e, €, Y, :)) s
9 unmixed long vowels (aa, ii, (D@, uy, oo, ee, EE, VY, 33) , 3 mixed short vowels  (ia, Da, ua) and 3
mixed long vowels (iia, (D(a, uua). The voice data samples consist of 5,040 words are collected from 10

speakers, 5-male and 5-female Thai subjects. The result of percentage accuracy 94.05%
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24 Vowels Recognition in Thai Spoken Language Using 3"
Order Polynomial Coefficient Curve Fitting on the Voice Energy

and Spectrum LPC on Bark Scale by KNN Technique
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ABSTRACT

This paper presents 24 vowels recognition in Thai spoken language consisting of the 9 short unmixed
vowels (a, 1, M, u, o, e, €, Ys j) , the 9 long unmixed vowels (aa, i1, (D, uu, oo, ee, EE, VY, 33) ,the 3
short mixed vowels ( ia, (Da, ua) and the 3 long mixed vowels ( i:a, (D:a, u:a)

The coefficient of 3" Order polynomial curve fitting is calculated on the voice energy. It is then used to
classify short and long vowels by KNN technique. The LPC spectrum for the each frame of the audio signal are
then calculated transformed on to the Bark Scale to determine the Critical Band Intensity. The 9 reference
models short unmixed and the 9 reference models long unmixed recognition are created. A decision rule is
applied to identify mixed and unmixed vowels in Thai language. The results of recognition a speaker dependent
24 vowels in Thai spoken language average percentage accuracy in male 95% female 92% and the results of

recognition gender dependent 24 vowels in Thai spoken language average percentage accuracy in male 95%

female 91%.
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