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ABSTRACT

This paper presents a method for numeric speech recognition for Thai spoken language
by classifying 9 vowels and 2 tones via K-Nearest Neighborhood (KNN) and Hidden Markov
Modeling (HMM). Speech signals of Thai numerals are considered in 2 stages. In the first stage,
speech signal is represented by frame of 18-dimension feature vector of Critical Band Intensity
(CBI) and classified into Thai vowel via KNN. In the second stage, only speech signals of Thai
numerals have a model as /-aa-/ is represented by quantized pitch which derived from pitch
analysis and classified into tones via HMM. The output of vowel and tone, are used to classify

for numerals.
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[ v 14
wlasuszay | nldsuiu (Rising idoandyruzazna udoadn
(Contour tone)
tone)
LY d o
2.4 anvaz wenan wazmlumune
4 =< o a o ' ' o o o ]
“Ned wene Swdsaiduaudalsing lunguidsanGvatuiludige dou

4 “ - o o v { o ' ' o
idoadug Negdrafvenszlszneumuduiudivveanend” doeiduaulunguidesnie

748895




18

[ =&

é = o & e ' U i o :
doaase Falanvazlseiminnedludoides FRuauniudoaoug antudosaszain
a0 q¥a ¢ Y a ' e s Ao & v
Whudeeih dinanos filidoaasziausgnidos nenansziisumnindoe

- |

o ' o & - gy Yy oA 7

wonanlasosnuindaniiag ersiinnumuionie lunla uaelaneiann

dy a o (] Y d' U U d"q

Yszneviunnidvaasy wiyyug uazissugng luediniosiiqe uazngudsunaiiiil

v o @ 7O g &
anumnonazannsodsng 18 Tasdnia woradiug dnaediudiluniw Ing
i L L] o =) é o §

flunw Invdmlnrzidludmonnifod Fuiludiiugiu (Base Words) 09

a1 a1 Inodedaegluasznanivl A1laa n3e AMe1AIREY (Monosyllabic Language)

i idsilsznouiudiiuneen sxdesiiodindos 3 mitoie mirndvandyasuzdu 1

wie mihod@eadsy 1 mits uazmibioi@enssugna 1 wide nazlimizudvediannl

iy 5 wiae Ao tiumiioidsandyruzduiiudsaniund1dn 1 mise vazmizrodes

[ - v - 4 ' ' a ¥V w -

niyyuzazna 8n 1 mide Tasliesdsznovveamirodeaniag Tunond uaaald dagia

2.6

wiyruzau (1) a5 (Wigyyuzazng)

31 2.6 uaasnamlsznouveaminoid@oanng Tunean

Yo =
2.5 NITUIUMITIUTEINA
v

Tuanddeiidunsanyimsisudeaduavnivine Tasldnszuoumsisndes

aszfvudvnazasudonlszanlunv InoTasnsidanlnaiuueaiid vuanaviin (8]
Yo_ =2 4 [y ¥ = da o
uagnszuIuMsisudvrssugnadmiunu InoTasldimatia msadeulaging uas
< o o o
Hidden Makov Modeling [9] 49 1miadofiruuns Idnsiudanisinuvesszumdoaya
Ll g o e 1 A
yoauyud nazmizodsaluni Inouwds dmdumsisudesdnava Inoiduduniia
¥0aNTTIMMS3 S udeane dntuluiadeilisieznands nszurumsisudvayavesduay
awlne siimsfnywuiaesszuuduiadsans midmsizidygiandvayaFaay
g [ "
Woadu msinamlnasueaid touanudIngAuazaNUTBLAUANUDINGA MIMIA
" [ EY) ot @ P o
K-Nearest Neighbor M3Uszaan1nng lag19ee Ianessatuilandu uazmsaduuuuiians
o " ac & o
M3 §indeamioerssugnadieis Hidden Markov Model ¥us1ansoudasuden laszunsy
3o ar -t - ' e’: Yo : A

nszUIUMs I udoana Azl 2.7 mingdiimsuisduaeumsisudseeeniiu 3 Yuaeu A

: s " o o = =Y & ) - a v
1) TUADUMITATIVIATBINIA NS INADS LT BAFUAY “]Nﬂzlﬂuﬂ'ﬁﬁi'lﬂiﬂll'ﬂlllﬂﬂﬂﬁﬂlﬁu
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¥ 3
dmsunaaeunisisudeade 2) Juaeumsnliouisugduuuidsusauay uaz 3) Yuneu

msandulonaveansdsude [10) uenani

luwvdradasaay

mInaasudsuFIRY v

- Vo =
I@BIYA | pisasIedadoam manfSouiioy - msjinaoana
B FTIE > - > agmisdadule >
MMM IFIRY ividsasauay

qU 2.7 vdenlaezunsunszuaumsisudvana

A & LY ' a ¢ a ﬂ o ¥
nnglil 2.7 duaeumsasiviadsamamsitimesiFuaviumsiimihndum

1 ' a d a ﬁl’ o - o =4
UAAIAIUAIY NIMEMNYBARBIYA MTimesFuaviilinnududufiszdeai iiinam

@ o = o oa =& o 9 - s =Y ar n’: - a0

nziasa uaziilsz@ninm A limsidimesideausuavlddnvauziuinanitigu
a = oa o = S 3 o P = b " o d'
mamulszansnmuoanmisan yiavewgunsanly yliavesdTmsnly mireanudm
dhilsz Teninavuia uazganim Manuaiinanuieguumadenvesszuulszuiadygyiu

(Signal Processing) [10]

2.6 HUU9IABIITVUR UHAITEINA
annsouaasuden laszunsuiiassszuusuiadouiiosdudazili 2.8 9zl

L - ar | o é =
msugnMaMat IladyunszAUesnINd MR MOMITSIFINUAITTTUDITUA WIS

AUAIMIAT [5]

1T o =& = v Qs
uranula LUUIBUTY GYLNLN

L kY [ =
TUIUNIZAY wlsAumunan | taedeen

a =1 o o Aa dr v
E'lln 2.8 'lJai)ﬂ1?1E)e"illﬂ'ilﬁl']aBQS%UIIﬂTLUﬂLﬁUGL‘UQQWU
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1nz1lii 2.8 unasiuiiadgyganszduimhiunumsinuves)eauaznaes
¥ ]
@oaauilvzHaavuIuNaanumunaRnsvazalaudea laue (Voiced) uaz Iifuiaidos
Fanaodoasunuvuzilandesn lave (Voiceless)
" -:: i o =) o ' o Y d'
daufaeuilunesmewdss szunumamiauvesreartinuaz Insaayn simim
- @ o " ca' 9 :: o d Y t§ g/ =Y
iiouAInsosdya (Filter) Nooyulianudesuuuiaiula Faannsounudioszuui

il sAuauna (Time-varying Linear System)

2.6.1 HUUS@ITVUNUHMTEINAITIAY
mnuuuimmzﬂﬁ 3.2 Uszneunums Imatanisissuiadyanausuay (Digital
Signal Processing) fmmmmmxi‘luuuni‘hamszuuﬁ1Lﬁﬂﬁmumwmsﬁumnﬁqmmﬁagﬂﬁ 2.9
2.6.1.1 imassuiiadyanunszquuiiaiiu 2 viia annlszanveudss Tavwiiausn
Fuumasiuiiaios Tamz (Voiced) imthiinaavuaudaanaiadaionunainsi uazyiia
figeufuumasiuiiadygoudsesunauuudy lunsdifiduiaios Tung (Voiceless)
26,12 uwuiaeseivzdmewde iurinseuFedtaoadauiluriiaiiud Ina

NaMuA (All-pole Digital Filter) 38 293nsouuaviuuiloundy (Recursive Digital Filter) [10]

a4
AUNAANY
ar -
i dnlszansvesra0Inied
uvaanuHavUIU g lad
¢ dulszans Lp
doyanantad aIne lamz/elaye ( T ©
/ u(n)
] e
29930381 AR VAIARD
. 1da00n
lseumunan
" 3 s(n)
. (nuudasanenmeu)
dasivene
i\ o - ar G
unashiiindeyon
i@paugy

UM 2.9 nuudassszuvaindygyrondoayadaay

d o &
2.6.2 W13131AB3 (Parameter) YOI5ZVURUHAITBINA
msafuszuudsagasuiiudesiinszimmdunlsniemsiimesndesldnu
] ar = = b
uuusiasaszuulsznnadyanadss Falsenonlldae
- awnwuSemnimesuenriaveudodnthudealame (Voiced) nioidoan Taue

(Voiceless)
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- munaminguesvuunas uon lunsdiidoalaye (Voiced)
- $a5Im3un G (gain) ¥943993NT0I H30MIINAIAIADARALVDUTL
C WSNIRsUeLUU A eRIMaUNI pdusLANTUDIIINTOY

) " 1 o o o
- danmsduinesndaanaidsiniesasuiiteya

27 mIInneHFyads oy
Tﬂﬂﬁ'ssnmﬁmmﬁmutymsﬁumuﬂw'lu'mﬁﬂmamﬂﬁuuuﬂmmunm(Non-
Stationary) i iledeamahdyanandsayaunlszuianadya uainea (Digital Signal
Processing)?1'4il’ni‘luﬁ'aqu'u'qﬁ'fuufy'lmuﬁﬂami‘luahqnaﬁ’:u q (Short  Time) 1iVe 1¥
Fyraudvaiinnumadosuaz lundsumlasnan (Stationary) mius ez amisai
dyanaudoslihlszuranade 18 nsouideana (Speech Frame) AN ME152018 20-30
Naaun ﬁﬂﬁf‘i’tgﬂpmtﬁumﬂ"lunﬁnznmmﬁnmﬂLi‘luﬁ'iyfmmﬁﬁmmmﬁumaz"ln'
nldsumlasmuaar msimaeunsouidoaya (Frame Overlap) 9z 1¥soudovosdnumy
difgueudema mnnsamﬁamﬂwﬁa'lﬂﬁd‘é‘nnsamﬁumﬂwﬁqﬁuu (Smooth) 44 N35433

¥ "
ms IR dyanandeayaiioadudsgili 2.10 Uszneudas [11]

lE(n)

mslSuussiagmmemlaga
l s(n)
= =
msnsenvhaa
i s'(n
M Y
e MUY IITYY I
N
l x(n)
W(n) = d
— mIulad

$ x'(n)

. ¥ ¥
17 2.10 Tuseums Iz dyaaudvayaiiiodu
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2.7.1 n3339sm3Suussiaguuenaga (Amplitude Normalization)

ﬂsin’i'ﬁmiﬂ%’umsﬁ'ﬂgmuauﬂﬁgﬂwqﬁ'ﬂgmgmﬁmumﬂumﬂﬁw%amum
voadnanandvana el vnaveadaanandoayaiinmnz ay iinsnndyaandoana
vosugazyaaaivie livhiu Seduiudes)Suldiviavesdygnandoayaegluusia
gudeiy edsemsianudnsazuaznlSoudfsndyanaidos melivussiag ey

Uagauananaaunsi 2.1

St
2N‘l

Su)= 2.1
A . ar a o s a
iie Sti) AedayanaudesiSuusiagmmeuilaganda

St Aedygroudoayaninea

N fie $wauda (Bit) NFunumvesdyaudona

2.7.2 NIINITMINIUEIININ (Pre-emphasis)

A o o ] 4 1 | S e A

eanndyanaudsaaveauyud sxiissnilsznoudmingjeguinunnuid e
= o : s arae "Ta “ - e l: A o '
ouiuuouaNudUFiaau (Bandwidth) hifiu 5 Aladsad dniu melidasidiu
FyanandoanodayamsunIu (Signal to Noise Ratio : SNR) iifiiAoudunsiinasnyig

v L v
Al 1519adealimndiouFa (Pre-emphasis)  Taoniunnudgaliiving
J ar : = o H 1

qavu antumsndieuvhFanfensnsoadyy1ud202997050ANUAFINY (High  Pass

Filter) $usiniion1$avsnsesdudumils HifladdudioTowdu
H(z)=1-a*z" Tagh 0.9<a<1.0 (2.2)
diefoutuglit 2.10 519z1dh
s 1=stil-a*sti-1 (2.3)
e @ 1nd 1 vila fmuﬁqaﬁm:éqgnwwmnﬁmﬁmfu i a ftoudmiuldly

= o -~ A o o 1 o
MININITWIADIVDY LPC AD 15/16= 0.9375 [10] mamﬁanmumuiaumwaﬂﬂnﬂﬂ'um

yaisufuANuDez 1dAIUN 2.11
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Amplitude

0 T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000
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U 2.1 uamsvinamlnasuvesilandudisTouveamsniourhda

2.7.3 MINUIYIITYRY 19 (Frame Blocking)
dygnanmumsniieuhdaudd St swgrdamieeniiugig nie wlsu ¥

a2z N Medndyana msinszsiziingzinazsiuewdaz N dodndyans Azl 2.12

«—M-—»
—M—p

AL T\
Y1 ] =

- N >
4 N -
UM 2.2 urmamsiniisnvesdyapanldlunmsingzd

TasgnlumsTinnziuaazgrazgiaoullifluszor M adyana swriuldn
L\ i 1 A L - -] o L}
d1r1 M Tanhii N Tumsideuvearaalumsiinszazildnedaana lign ¥ luns
a ¢ o 1 & o P ' " a 3 o '
s Mzdunsgydodiumiaihimaildhigndeaviiiaas &M @nnd N fez
o o " ar ar ° a a o J ' o -
mlddedndygia nadgmiundinged tam M @nmlannuaiuilumsdinsedn
PO 'd o qw o v
wiigavummy uanszd Iinmisdiuimdnas
nanmsmmuavuianseuvounsulumsingzy fe
v ] ' Ed
2.7.3.1 nspuvearsuzdsadunenguauidveudvanmauls sxdinzrriuda

. v
nlaswnlaslunsevveansiniv
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2732 nsouveunsuazdesInedn sruaumesudygyialunseuveansy

annsmbhnAamguauiAvesmsiines Fuaviideams Ia
1 ¥

2733 nseuvoarsuiaanu linisazdusunss Taadwdeyavrsdiull udnas
A ¥ Y '
woulissnnvuIAnIoUYBINT Y

v = H ar a a o a d'dy = Y

silganudlumsqudygiu 11.025 Aladsas lumsinsizdil sudonldan

N=300 uaz fi1 M=100 Hufe ¥231unsiasied Ao 27.21 Haduri uazszozlumsiaeu

wsuszunm 9 Haaium

2.7.4 M3IUla (Windowing)

WosaYRdyyIn N dredndyyiuvearialag Adaudinsizragli 2.13

“
]

= v oA A o d’d v A a ad =
siruNNvevveunsuiaantiinnu lideiesvesdyaiw dwealuTamuanud feed
a - J as 3 A A a A J .: o ar
ANUDgUNATY Anlumenzansenlsznounnanudigunaiil isezgualeilandu
= S A v & o P ) v ar o ]
uTaineaannu hideiiesvesdyarunvon uaz i Idanlnasuvesdyana lugia
[ " v ¥ ¥
anuddudasulunmin luntise1dWanduiuTaduenile (Hamming Window Function) [5] [10]

& a a d’d
et Tasaunisasiine
A
wim)=0.54-046cos2mn (N -1) 88 n=1.2,... . N-1 (2.4)
35U 2.14 uaz 317 2.15 uaasesnlszneunanawarnanudveslaniuiulaiuuy

mdoy uazusuiia Mmusy wiunalnaiuveadu aduauiialiswia (Ripple) Yoonin

vouladdimasy

ydl B P e

i 300
i 300

- 4

v

o

3UN 2.13 uamsauvesdygnuianuiinszd lunsouveansy
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U7 2.14 uaa s asuuudmaoy () Tulasuna @)W Tawunnud
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0.2 1
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(n)

(V)

514 2.15 uaasdu Tadunuueuiia (n) TuTawuna @) Tulawuanud

bl
o o

aiunngali 3.4 15792 140
x (n)=x(n).w(n)

2.8 vianmsveamsdszanonsadu

(2.5)
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iesnndyanaudes Inniimeindingagdainaiuuda nsinsizims

Wswalaon131seuau¥ady (Linear  Predictive

Coding: LPC) v3gnldlunism

' - s 4 ' o A qw o ¥ e a A ° A
ATHITTUIADINUITUATIG NNATIUN I.'"ﬂ1‘ﬁﬁ1"TULmTSHﬂﬁﬂJﬂJ‘]mlaUQ!Wﬁfnii‘“']lﬁﬂﬂ Hiio

[ = g/ g a o a ndd’ a o =Y o 1 P Vv
MIAITYUIUTEIAVDANIUTIVAA ﬁ”wmamnﬁm‘ﬂumﬂmﬂznmsmmmmm 1‘1111

ANuiNIga uazannsadedoya lAesaiilszansnn

@ -: = 5 - vV oa
nanmMInugIuvoInIsUszuanyuau(10] [12] A msdszmnaumdyaIun

v
pasIFaFUvIdyn IUnounTi
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ar o

¥
auuAndyaranduilu s msdsznamdyaoniiu s Aniusamnse
¥

£

v
asunemsdsznangudu ldareaunsae I

s'(n)= i‘a*s(n-k) (2.6)

k=1

' ¥
= ad I

d'l ) =) v = 3/ o o =y A‘! " J
e o, fuminei 33 nsiiGenhimsdsanaFadusudy p Taoiidenlvi

o, N lumsdszinuzdesinlinasuveshidsdesvesnnuaamiamaoy {sem-sm}’ fif

" ]
o =

‘S‘. t:l 1 A - d’d g
Vooiiga iufe 22’ m= 2sm-sm} iadiige samslsznudaduiivadds [10]
Taun

- 33 In2u5uud (Covariance Method)
o ot a "
- 7500 1AADI31a%U (Autocorrelation Method)
- Fuaand (Lattice Method)
- 352393n30IWNAY (Inverse Filter Method)
- Asmsdszanuailnaiy (Spectrum Estimation Method)

A a ad  1a da A Yt g w A adw v @ o

wazduqdnuawIs ualuntiszien1iites Innessiatu n3e I5onadunus
o 3 - ﬂ' A o
nnnannIsiuguveInIsdszinanFudu uaz1i 2.9 Fudunvvdiaseszuy

afadyanoudos ianansadouaums ldiu

sm=Geumn)+ i‘aks(n-k) 2.7)

k=1

Tagh a, Aoduilszdnivesnasniousuay

U - ﬂ‘
daumsdsznadadulaslddulszant @, fio

p
sm= Z‘aks(n-k) (2.8)

k=1
AIUUANTUADIAIAADUAD

e =s(m-s'

£ 29
=s(m- Eaks(n-k) )

k=1
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HavumeTousznin emuaz s ao

y E(z)
@)=
S(z)
P (2.10)
=]= Zakz""
k=1
vInaumsi 2.2 89 2.5 w18 @) =q, 1 uda
emy=Geu(m (2.11)

¥
°lumiﬂizmnﬁ'tgmu1mfn:ﬁmsu‘u’qﬁmutuumaamﬂmmﬂuq (Windowing) [5] [10]
L b aa A ﬂ. A = ' ar : J o e
¥9azlszunnl 20-40 Haadui Fai 1TALINT0TUIEH UL ANTUAINATINYDIRIAIADIVDY

ANUAAAAADY

E= Eef(m)

= Hs" (my-s. (m)]2 (2.12)

= Hs,(m)— ixks(n—k) ]2

k=1

- ' -t as P ° o 4 ' o <
Taoh n Ao¥9h nyoadyarunldduaa msizaniume i ldn £, diiqaizdead
d‘ 1
doulun

ay,

I

=0 o i=12,..p

NNAUNITN 2.12

Z, =-2s,(m-10) 2 [s"(m)- i‘aks,,(m“k) ]
a, i k=1

e i=123,.p

w2 i pintie Dot Sarislioynedy |
m k=1 m

&

=1
=0 Nl

®



i'ak 25 (m-kys,m-iy= 25, m)s, m-i) 10 i=123...p

k=1 m

dundmuald ¢, b= s, m-ks,m-i M3y

NNAUNITN 2.12-2.14 9

¥

S‘akqbn(i,k) =¢,i.0)
k=1
18

E = Zai(m)- i‘ak ZS,(M)S,,(M-I')

k=1 m

Hagan @,a.k)= Zs,,(m-k)sn(m—i)

E =¢,00)- i‘ﬂtd}" 0.k)
k=1

-

v ¥ 1 ¥
Nt I s, 0m=0 1iie m<On3o m>N-1 marzasiu

o,

Jo= Es,, (m-kys,(m-i)
N-1-d-k)
= Zs,,(m)s,,(mﬂ-k) 0k<phkS<p
m=0
N-i-k
R, (= ZA‘" (m)s, (m+ k)
m=0

S, k=R, i-kb e i=12,.. p:k=012..p

1NAVNITN 2.14 92 14N

i‘akR,,(lz‘-leR,,u') iite i=12,.p

k=1
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(2.13)

(2.14)

(2.15)

(2.16)

(2.17)



HAZINAUNTN 2.15
E, =R, 0)- i‘akRn(k) (2.18)
k=1

nnaunsh 2.17 Woulieglugiuana ladiu

R,(0) R (1) - R/(p-1) Q, R, (1)
R (1 R (2 -« R =2 o R (2
n() n.( ) - n(p ) > :2 — n:( ) (2]9)
R,(p-1) R, (p-2) - R,(0) a, R,(p)
W30 R, ca=r, (2.20)
R,(0) R(1) - R(p-1) Q, R,(1)
R (1 R (2 -+ R -2 a R (2
o R - ,.:() ,.:( ) ) ..(1:" ), e :z o 7, = ,.:( )
R, (p-1) R, (p-2) - R,(0) a, R,(p)
NNAUMIA 2.7 Haz 2.9
Geumn=smn- S:aks(n-k)
k=1
e(m=s(n)- iakscn-k)
4 » k=1
1o a, =a, 314N
emy=Gumn)
N-1 N-1
~E, = 22°m=G 2u*m) 221)
m =0

=0 m
=R, (0- i‘akR,, (k)
k=1

il v
VINAUNITN 2.20 1T1AWITONT @ TAUATIAI

a=R;'-r, (2.22)
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HAZIINANNITN 2.21 151 WITONIA G 1ATATINN

R, (0)- i‘akR" k)
G=—F7— (2.23)

2(m)

m=0

o w = o
msannaanasuueany
¥ ]
myanTzdygaudsudesdu dagli 2.10 swilumsimuaveuvasuides
' a‘.: - o - o £ ] a 3
mniu Mz ldmniwesideayaFaavsuiludesidiunislszuanaiFadu uazm
HansuseTeuveseiozdmeudss nieSondnedananlnaiuueaind ae luaastiuaou

' =) 4 = ar ]
MIMMMNUNeTITsanaFuay A3l 2.16

l x'(n)

p 1 T dey Qs
—_— NITHINPBIANBIIIAYH

l R(K)
d
mMIsfnnaaulszaninazonsivensy

l(l,G

M ¥
714 2.16 Fumpumsmsms e idsayaiFuasy

1ngUi 2.16 msmmesTanessiadu Tasunumaumsi 2.11 #1dvnms

= J H 1
Inszmidoatiodu Tuaunsn 2.16 121871 [10]

N-1-k

R, kb= Zx'(m)x'(m+k) (2.24)

m=0

MIVe1e G TAINAUMIN 2.22 1AL 2.23 AURIAY
o 3 [ = a Y d '
nnuuuiaessruvad ndyyrondoanaiFaay Tugdi 2.9 uaaaldiiiug
o - [ 0 ar o @ : - o
aulnasuueafianie HavuoioTouvesatodzimewdss dniusinaunisn 2.7 imsuilas

Teglu z Tamu 18y
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Sz)= Eakz"‘S(ZHGU(z)

k=1

Favasd WidluilaFuae Touvesetorzdmewdssin liaunsaduan  anlnasuueans 1d

€

b,

N

1
S@) (2.25)

2.9 HDUANNDIYA tazaNMENTY MU UANNDINGR

¥ ¥ v
fdfannuveaouanudingaiuldgnnaniulae Fletcher (13] Tasiin1d

SN A IUTUNIU(Noise) NUFOUIUAWITOUATI(Mask) Teyay I

¥
Asaruuagu 13 luns
¥

TnunAaoL(Test Tone) 1A1iu druvesdgyanusuniuiiinalumsuatiadyas Inunadou

9399 azxﬂmﬁuqﬁmﬁﬁmm?ﬁm’i’nﬁuqﬁu?‘r’tyimmInumﬁamvini"u Tumsfieziinmamia
FulszAnsaaquoauanuiingd dfuddeserdoruuagniin myvasidyanuez
Hunaidoiomdnuvesdyausunuluuoudygaiofudyy i Inmagouiiu
mifufIasIuvesdygyiu Inunaasy uazﬁ'aiwﬁﬁumuaar’r’ﬂgmﬂ‘lmmmuﬁad

uenimiiennuaudyaui Indnudyans Inunadeu lilinademsuatisdyau

80 |-
white noise level 50 d

dB
40

i
i
)
]
i
\ ]
R 10 dB per decade !
i

I

!

i

I

i

i

)

\
40
\
N ——JM
~

2 - ~
g ]

level of test tone

0.02 0.05 0.1 02 0.5 1 2kHz 5
frequency of test tone
37 2.17 szdvvesdynu Inunaaeuignuaiia Tasdaa s White Noise NIzAUdya v
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Al [ 1 i N f. |Bandwidth| 7 | Srower  Supper I f. |Bandwidth
Bark Hz Hz Bark Hz Bark Hz Hz Bark Hz
0 1720
0 50 0.5 100 12 1850 12.5 280
100 2000
1 150 1.5 100 13 2150 13.5 320
200 2320
2 250 2L 100 14 2500 14.5 380
300 2700
3 350 35 100 15 2900 155 450
400 3150
4 450 4.5 110 16 3400 16.5 550
510 3700
5 570 5.5 120 17 4000 1715 700
630 4400
6 700 6.5 140 18 4800 18.5 900
770 5300
7 840 7.5 150 19 5800 19.5 1100
920 6400
8 1000 8.5 160 20 7000 20.5 1300
1080 7700
9 1170 9.5 190 21 8500 21.5 1800
1270 9500
10 1370 | 10.5 210 22 10500 2255 2500
1480 12000
11 1600 | 11.5 240 23 13500 23.5 3500
1720 15500
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z+053¢1r*a.1

Iio= [ —dz (2.29)
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2.10.2 M3%1 Nearest Neighbor 1A8A33
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exlist = not empty
vector d = target vector
nearest-dist = infinity
nearest = unknown
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dist < nearest-dist

No
nearest-dist = dist
nearest = ex
N last ex
0

Yes
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dist = SLULHNTLMINNAADT ex 1AL DAMDT d
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msIangulinunneeslag i lasms Inavesnnwesinlnangainuiu k @

A

Target Point

""O'@ @.. .Q....; ....... S s

:09 NNF’omt
TTTTTTUTT@ 8 """" . """""""

o
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....... L) ....'“....:t.. *ss s desssnssati o
®" ®
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‘ : : : : : >

3101 2.26 m3vanqu Iaverfonisaadulaues K-Nearest Neighbor

{ G ' o v a e 1
vIngIli 2.26 vzmuldminerdonisaaduloue Nearest Neighbor (HEaf 1Ay
¥ ¥ da v A . - ﬂ v s - '
ualo1e ldnanAana1n 1A 11199910 Nearest Neighbor tiuerniluaiinanmsieaunussn
=1 " w o o o  a [~ "
wnfiu1d uadmin1dn1sdadulove Nearest Neighbor ludisudaudienaz o1l

v
anugndealumsaadulaniu
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a ' ) o o a
2.11 nguimsuszanamiinglaglieelnnessasuianyy
@ o aa & A o a o

oo Tanessatuilendu [10]) Wuiswilai ldgninnldasramaindvesdaanu
idoana Tavos TanosTiaduazsiminilumsuanasoansMnan (Prominent Peak) Midfuny
TunAazdmveudsa (Section) Fazi s iamnsamszozanuilumuvesduyanumuus
azynvouduidosld

2.11.1 msdaniamsinnzvidyanuesmiluyiadug

o 9 o v = s 7w . .

Amualidygrondeaumudie s(m) Fieolaneisaiuilanduues Discrete-time

Deterministic Signal Iaoma Tuimou 1Ty

¢(1) = ) s(m)s(m+1) (2.33)

dan sim) Ianuiumuiiuiueudleszes P iude

s(m) = s(m+p) ; dMTuNN m
o uyl =y FT
aaiuannsoeulan

d(t) = d(t+p) (2.34)

3
ar

= ) ‘o da 9 = Y ]
e oo lanessasuilenduninnuilumudieszozmu@dody  nieluma
v w o o o e dv
nduunfe anuiluauluselanesTsuilenau Wudnidldiudinnudiuauly
o ey L= o s Ao o M
dyaw las puantiavesss IaInsasuilindgundinyne
o a ¥
duilandug Tas d(x) = d(¢r) uaz
imwnngan T =ovuAe  |d(1)| < $(0) ;dmSunnm T
dnsanaunsi 42 aug dvguanialude 1 uaz 2 sznuanuilunivues
¥ " v .
dygnu Tasuyudlavesss Inlndaduaziinminiigai o, +p, +2p, ... Tashideadrilana
1IAUSUAY (Time Origin) ¥DATYIYU MIAIUIUMIAIDVBITYUEIsaszuldan
o ] d’d " -:; = o o o o " o &
aumidsusnaiannnigalues Talasasuilandu nazdwmiadalvinveans il aaen
¥ D

. » |
Auauiamartiilves IalnSaduilsnrudundnmsiugiu Hldlszunudnnumiuaiy

Tudould
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dwmiudygnuiidnuuznldsunlasegaasanausu dygnandoayaszdeaniinms
¥ 1 [
uiadyanueenilurraduqionidoya  (Information) 14015 1Ay Short-time Auto-

. . a ¥
Correlation Function #3a13n35ationy 1aiiu

N-1-1

R(@) = ), sm)s(m-+1) (2.35)

é'i & o a " ar '
1o N 19 31UIUAID81d YY1V (Sample) ADIN Y

& 4 o da
t fio yadeu I lumsfinnues Inessaduy

J o ar ' 4 ¥ A o
Taslumsidenarvessaumedis (N) #l¥luudazisy jndudygiuvzded
a o . ' £ & a
anuiunuNauysel (Complete Period) pt1ation 2-3 A1 Faluanudiueiaudinamen
o ~ ' o & ' 4 ¥
voId Y IaTeINANAABNIAIUINYBY R (1) 11BI91nA1v0d R (1) 92AAAUTOYND T

= 4; J
UAUNLUINUU

\
L\] AMUANT A
\ Il A
PN NA
V \J W \_/ \/\/\ Lag T

150

0 50 1 300

31 2.27 ugmamsmmingninmsannues Ia Indiaduilanduvesdyanandoaya

finsangy 227 udasdiedunmssuiues la Insduilansuvesdyanandoanad
= a ﬂ: a:' A J
idasimsuaulasdionud 11.025 kHz Tav1daums 4.3 Ao N = 300 Tuniasuuazan
MUY (Lag) 1y 0<1<250 ngilaziiuingagaga (Peak) oniduiiduimia

T =0 NANAIKLY T = 83 NuAedngulnunszes 83 wiAinselimnnudyaglszanu

133 Hz (11.025 kHz / 83)
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2.12 M3aUU$1209M 539193835 Hidden Markov Model
wuusraeansneriilunuudiaeamadda FoimuioninguveseynIIM
namSedaanaihineg fufelddmiuianguuesdaynuii1iiin (Unknown Signal) 19
Teglungulangunilsvesdyana Fwvusasunsnedidgnminnszgnaldlunsis
idoana [9] [16] uaziihi3smsiameniinuiiidenld
2.12.1 amilszneuvesuuusiaesniney
wmsfimesmirgiinedeslumsaduuiiaesdieds Adesdinldun
21211 T #io anwenvesdidudoyait ldninsaden ladannudyagiu ezl
{hudeyadunnludiuves HMM Taoae lsziSonunui “61duvoaninlsIng (Observation

[ ¥
Sequence) FIHVUIAANMVINIVOIGAY iMAUTIUsINIMualwFsudazide

21212 N dAsswuaanlunyuiiass Sismualdfidavesaandu (1,2,..,N
bezannsounuaaniin/don lawnat t Mudaves Q = {q,,q,,q , Qut

21213 M fAedwauvesanlsngiiannsaiduly1ddeniaman  unudgdnual
ds V= 1{v,,v,,v,,..vy} Faommissaszduvesmanlaounlasvesnnud (AE) eeniilu
3 52é ﬂz'lﬁ'ﬁ?mjmfhﬂﬂngﬁmm'imﬂu‘lﬂ"lé”lumiazﬂmnﬁfiuﬂu v=1{-1,0,1}

2.12.14 manminzilulumséwman A= {a, }Tao a, unumstoaanaini Ty
1o a, = Plq, =jlq, =il 1 £i,je N (2.36)

' v . &
2.12.1.5 msnszaeamninaiiu vesrnlsinghannsailull1dneluman B aa

B = {b(t)}
Tawil b,(x)=P[v,inmtq, inmt]; 1< 1< M (2.37)

o e . A -
AuMInseodyanyallumanj wej=1,2, ..., N

2.12.1.6 manuuwziiuvesmstiuaansudu

m, =Pl qfnmt=1] ;1 < i< N (2.38)
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9241191 Hidden Markov Model #94m13W1515iiA0 5 u8auuui1a03fe N, M 1ag ngu
' @ ; =] = o o
yoan iz AB, . aniulumsuaaudavoamsiines nauyseiveauuiasd

daszunumdyanye
A= (AB ) (2.39)

2.12.2 uaniansiemnnues HMM

"
o

¥ [ "
Msadauui1aeai 14 Lefi-Right Model Guiluunusiasanuuimunzfudyanui

o

Tidnuuznlasunlasmunaiedudoiionyu idoana Taelinuanidvesdulszans lums
2

Sromandan
mseaanszionndiolvnmneanuiia, = 0, j <i nansdnghiimsde
amn‘lﬂﬁ’qﬁmwﬁv’im’hmﬂﬂﬂwﬁuua:uaninnﬁyﬁﬁqﬁmmﬁwmﬂwmamm?nﬁ’u
0 ,i#1
X 1 ,i=1

ar o

¥ " . »
dduveIEANIZABASURAANT 1 1duD LAY Left-Right Model Hisinfingiianumsioan

A ' - - o =t ™ '
e luldimsnlasunladsiivesmanuminnanae

a; =0 ,j>i+ai

fagilil 412 fwea Ai = 2 Aeve hilimsihedwaanTifu 2 man nazlinasnd

Tumsthoaamilu
|-al 1 a]2 al] 0 0
O a22 323 324 0
A= 0 a,; a, ay
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51 2.28 111294 Left-Right Model Y89 HMM

2123 Tamituguveanuudiaes insnev
Paymves HMM §i 3 1o §edoaldSanosTuisag lumsduioudilamii
ilmum‘?; 1 diefidrduvesanlsing 0= {0,0,0,...0,} aziinuuiiaear=(A,B,n)
sefmuammanieziiu PO 1) vesdduanlsingiiu1dedals
Hamit 2 iefidrduveasilsing 0= {0, 0,0, ...0JuazuVVT 10 A=(AB,7)
WANUMRANIAAN q={q, 4, q; ... G} ﬁmmmuﬁ’uﬁﬁuﬁwﬂi1nq1fu'l€faeha'h
ﬂm,m?.l 3 zdiumaimesvoauitans A=(AB,z) weldldm POA)

gaga ldeanls

2.12.4 asfmnaueudiamves HMM
21241 msuddayndi 1
Wumssnamiuuuiiaes Alaq dlemave mdduiiulmudwuvesn
Usingiugremvesamninzihunametesniila msudilamansan1dTasszyman
Wfudduvesrsingdeen T (asiisnlsingnilsdaiinauiiu 187 egluman1d N

& '
aan) Faemnsoilull18de N uvy Tasliaandequnudie

q=4q, q 9 --- 9 (2.40)

o q WluaaniFuduina t = 1 anmhsziluvesdduvesanlsing o A

fMuanD
T
P(O|q.2)=[]P(O.lq,2) (2.41)
1=}

anuiziulunmsinasnlsingie
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P(O/q,2)=b,(0,)b,,(0,)..5,(0,) (2.42)
nazanuinadulunmsiedwaan q iy
P(q/A) = 7 8,28 2438 4304 Bgr1q7 (2.43)

fuiuierhamninziluvesmsiiasnlsing o uazarmniniulumsiwman g

w & o daA ] a:i = J 3 [
mIayunNu muunﬂammmwﬁ‘luw O la¥ q imﬂﬂwwsauﬂun:"lﬁ

P(0,q/2)=P(0/q,A)P(q/ )
= (bql (Ol )qu (02 )"'bql (0: ))(ﬂq!aqlqzaqhﬂ"'aqT—qu ) (244)

L " - l; o
Tﬂnmwmwtflu‘um o 151]'“]'IﬂNﬁ‘.i')lNﬂ\‘lﬂ’]'lllu"li]Slﬂu Ouazq mmuw%’aunu

v
o =

TavAannynaian q vzl 1ddail

P(O/2)=) P(0/q,A)P(q/A)

allg

= ¥ #35,100,)8,,:5,5(0,)s5..,5:0; (2.45)

qlg2..qT

finausudu (t = 1) ezegiican q , Awmauninady ©, wazumumnm
] ¥ . ¥ 3
wzilulumsiiadilsing o, imaniidae b, (0,) A1 HNTUIN t—> t+] (=2) 13
unu mstheaannindian g, 1 g, Feinmminatiua,  wazunusaninaiiui
msaanlsngiiu 0, Awmarmninadub, (0,) swnszis finat Tiswmumsioman
nnaian q,, Wi q, Freamnuinzily B 4 uazumumamninzdulumsiian
Usingiihu o, Mwmnamninzilu b, (0,
T
3 U d.yd o a A = o o

wiiunaumsiimsanuigeniieannimsguiuiuiournluglves
o w T o o & a a aa ' = ' ﬂ
19U 2T N AIUITNISAANIIBIFIS Fauriaooniifu

2.12.4.1.1 n3zuIums 1 (Forward Procedure)

Heny ve3o, (i) = Forward variable

a,(i) = PO,0,...0;,q=i|L) (2.46)
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Aoanuminziuveamsifadiduvesnnlsng o, 0, ... O uazegiaan g a At
¥

Taofuvusraeaily A mmwsom o, (i) 1dasil

2.12.4.1.1.1 M3I5uAY (Initialization)
a, (i) = mb0, ; 1<i<N (2.47)

Sudemsimuannuinnsily U amhsaiuannineduswvesaan i
- A W
waziimamsalisuduilu o,

2.12.4.1.1.2 M3M111 (Induction)

1isT-1

o) = I:Zal(i)aij]bj(oul) ; 1<j<N (2.48)

i=1

" H i L)
wneanuaan j inat t1 o idnnmanteunihiizaiiuly1dt. N

AN (e i o vt Taef) Az 2.29 (a)

(a)

t t+1

U‘.t(i) utﬂg)
N |— 2.
w
< (b)
o - —re
2 |- >se
1 |- e
1 1 1 1
1 2 T

OBSERVATION

U229 (a) naz (b) nszuaums Tdhanh
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1ng 2.29 (b) naaalifunmssmnumanmingdunuy hdanih (Forward
Probability) 3l Insaad1amsAnnundsq fudnuuzyealasawan uazilpanindsuvuman
WA N 7an enuales i Tvualuudazasanal t laqluTasawan) Swudduaanae
Qn"m?umﬂuiﬁummhi{ Taglunan t=1 szihmsdnumves o (i) Tunpqamen
1<i<N uaziinalt=2,3, .. T swRmsmuiumved o () Tumpqaian, 1<j<N Tay
TuudagmeMnMsAuInIn oy () WM N fnounihil

2.124.1.1.3 mséuqa (Termination) AnN1311 P(O] ) TR nmasIuves o (i)9n

NN AN

N
PO|A) = D aq(i) ; 1<i<N (2.49)
i=1

2.12.1.1.2 N3ZUIUMIHOUNAY (Backward Procedure)

Heny B, (i) =Backward variable
Bt(i)z P(Ot+|0t+20l+3 """ O; 1, = qirl) (4.50)

Ao Anminziuvesdiduanlsingadrumaninnal v+1 TdsusuTaofmuaides

¥
=

ogiiaan i i tuazluuuiiaeauiiu ez aume 1das

2.12.1.1.2.1 M3I5uAY (Initialization)

Br(i) =1 : 1<i<N (2.51)

2.12.1.12.2 mImiioni (Induction)
N
Bt(i)z Zaijbj(oulbnl(j) (252)
j=1

139 t=T1,T2,...1 ,1<i<N
A A W ' . o a1
11031 4.14 tioivz a5 ingegiiaian i w a1 t Tagmanzunind1duanlsing
= ¥ a L oa ¥ o & Ve
INIDT t+] FUITIVZADINIITUINNTIAN ] ‘l’ll‘ﬂu‘lﬂvl.ﬂ'ﬂ\‘lﬁilﬂ Tﬂﬂﬂxﬂ]uﬂgﬂ'ﬂﬂ’] aij Has
b(0,.,)
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. .
sUM 230 nszuaumsfeunay

2.12.4.2 maudtaymni 2
149 ImesTidane3 5 (Viterbi Algorithm) iioivzmiduaaniiangn, q = (q, g, q,

.. q) Wiudwuvesanlsing 0={0,0,0,...0,} Aoy Taotow 1

St(l) = max P[ql q2 ...qt_I " qt =i, 01 020t |l] (253)
91,92 G-

I ; . . 4 :
dio 8,() Ae Anurvzilugaga (highest probability) Y9UFUNA (path) F9zv11AvIne
' 1 ar ' ] 8
anuinziiugaga Weisuiumanynaan lumsianlsnngdlu lawanlsingfisimua

W Rvazna t 1aq uazanmsordoguauidvesmsmiioning 14

8,.,(j) = |max s, (i)a, p,(0,.,) (2.54)

v

Taofmualdiflususoninudmmiavesasani lifmnmuninziiugaga Admon1ld

1] 1 o @ 4 [} s A:idt.::
lundazine t uazudazddy j Feezamnsamdaumaniangalalasldnszuiuns
¥
a0l
2.12.4.2.1 M35uAU (Initialization)

5,@()=nb,0) ;1<i<N (2.55)

y,(i)=0 (2.56)
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2.12.4.2.2 M3dounNal (Recursion)

5 () 5, (kb (0,) ==t (257)
2<t<T
)= S, (i)a::b . ; (2.58)
(AR LR It
2.12.4.2.3 MIAUYA (Termination)
P’ = max [6, ()] (2.59)
g, = ag max [6, ()] (2.60)
4.5.4.2.4 1@umuAuiounay (Backtracking)
4 =v.(a.) t=T-LT2...,1 (2.61)

2.12.4.3 munilayvini 3
a Y ¥ Y o ¥ ' a &

nninauIdITNAUIUDasudeszunualeaImsimes A =(A,B,n)
[ e’; A - o o J o d 4 .=' o o - o
muumaumﬂwmmﬂimgmu’mnm lﬁf}'ﬂilzu'lll'lﬂg'liul_l'l]‘il'lﬁﬂ\lg'l\lf)\'l ﬂ:ﬁﬂifﬂﬂ15
o ¥ =) o o 4 " ' ] A A Vel A
ATUIVNIATNITIUIADT ‘Uﬂ\‘lll‘lJ'lJi]'IE‘\EN"]N‘B:0§1N§ﬂﬂlﬂ§ﬂ1ﬂ31uu1ﬂ$lﬂuIﬂﬂ?ﬁﬂlﬁOﬂ.l‘lfﬂﬂﬂ
add ) 4 A Al
ADUDY mu-naﬁ' (Baum-Welch Method) NIDITUNDNFOHIIII1 EM (Expectation-Maximization
Method) Tno

e 1. 7D
Y, = P, =ilO.}) (2.62)

4 . = v ' -:; et L Yo o '
¥113) }/t(l) flo mmmm&mﬂumzagnﬁmn 1 NUUSLIAt Tﬂtlul‘r’m'lﬂ'll‘llﬂ\‘lﬂ’!‘].l'i'lﬂ{]

@

deTuaa 2 Taviidmuadduvesrinlsing I annsouaasm y () ladai



7,0 = P(g,=il0%)
 PO,q,il)
P (O|A)
P(0,q,=iAd)
- (2.63)
2. P(0,q,=ill)
i=1
A = ' [ : L)
1Hen P(O,q,=ild) Twify  a,0B,0 dniuaunsedow y ) Tdih
a,)p,0)
o St
y = | (2.64)
2 a,)B,0)
i=1
Tag @, 5un 0,,0,,...,0, DIAAN i ATt
uag B, 3N 0,,,0,,, ..., 0L Widan q =i At
Henu 2. Ao
£ij) = P, =i,q,, =jl0, D) (2.65)

54

A A ' P et = L A o
o Et(l,j) ﬁaﬂ‘]']uuﬂmzlﬂu““zﬂgﬂﬂlﬁ“ 1At UASTIAN J NIAT t++] LUDNTHUR

uuuirasaazdravuanlsing i

i o o a v ' &£ ' " -
1ngUN 2.31 uaas ddumsAnoamsiianlsingsiy Fszuvezeyluman i 7

a1 tuazegi aan j Na t11a @, Funnal t=1 AAsngusn awddien g 7

nat uaz abo, Wumsnlasumaniina « Wil g inat e1 uazWanlsingidu o,

& sl ar o o o
gaondewvesinls Wi a0 wazdwlsdoundy So annsminun

duiusiu g, 1o

Pa, =i,q,,, =i.0D

£, =
P(O|A)
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a@a;b (0 )f,

P(O|A)

a a0, b0
= NN (2.66)
2 X at(i)aij bj(0t+1)ﬂt+l(i)

i=1j=1

o :
: 2300 |
a (i) B0
t-1 £ Dot t+2

714 231 Srdunisinnamainansingsmdezey Haen i Anait uazogn man j

-
na t+1

nnitldtion ¥ 6) wdninnduiuiiy &G 18y

N
7, = 2 &,(ij) (2.67)
j=1
: T-1
=) . o . o o 1
1o Z}’t(l) = ‘i]'m’nl'llﬂﬂﬂ'lig’ltlﬁmﬂinﬂﬁmw11Nﬁ1ﬂ1Jﬂ'l‘].|i'lﬂQO (2.68)

t=1

-1
> &) = Smmveamsiomananaan i 1 jludduanlsing o (2.69)
t=1

¥ EY
ANTUATINTOAUIUMIAIYDINITINDT AR

’

b " "
7! = mnuaialumsegiiann i inait=1

m, =7,(i) 1 <i<N (2.70)
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unsainaa Bvesmsieaanainily j

a.. = ¥
3 Swauadainmainzdennaan i
T-1
" Z[ Et (i’ j)
aij = LT-,— (2.71)
2, %10
t=1 t
) Sundaiimainzegluaen j uazifadsingiiu v,
b(k) = Y v
J ° o A ' e
SuAsINmIANIzIgNMAN j
T -
t 10Z v Yt(])
, 1.6 -
bik) = S (2.72)
2 v, ()
t=1 t

b

nnnszuumstedudild A=(AB7z) dunusaesileyiu uazld Al

" v

A luduvnvesaunisi (2.70272)  wazluvudiaealdsinnmisaiviudg
° i i &

Wud'=(a'B"2") Wunuviracsi ldnndudrovesaumsi (2.702.72) Fezldga

IngAveslandunnminadulunsgin A'=4  wied1 A’ danwdnzduinnnh
& []

uuuiiaea A [PO|A") > P(O| A)] vudeez lduvndaes A Imimirsiiinadvuves

Als1ng O HAnN

2.12.5 msUSulgammniiinesves HMM

2.12.5.1 M3aNaad (Scaling)
= o o o -d =1 [
wnsandiannuues a0 Tuaumsih 246 swwun a0 Yszneuldae

HasWMonvUIA lvgnegluzll

t-1 t

Haqsqsﬂ Hbq (Oy)

s
s=1 s=1

A ' ’ ' & o Y A W ' ¥ a
IHOIDINAN a Llag b Sﬁuﬂ]ﬂ'ﬂuu’lﬂglﬂu ‘UQTF\UV\']Vlﬂllﬁ')UﬂTNBUﬂ"T | AU

" ¥
e tnTUAIAazMoNYDY a () dggud i ligalauniin (Dynamic Range) voan1s
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(] = “ [] 4 o ) 4 ﬂ. 1 ¢§
Anne a6 Imguinveuwanmsiauveanisadiai dmnla ligndes  dus
3
annsoud luilymiilaTaoldnszuaunsainada (Scaling Procedure)
a o W 3/ a ) o = ] lé‘ o N o A
myamnaanilalasnmsgu a,6 Aeduldszdnimsamnads daluvuny i (fufe
¥ v ) "
Yuegiumveaal t mniv) weld a6 AMumsamnadudNaiogniolugi Dynamic
A o 1 Y o = o Vv o
Range vounIosfiIn lunnamnanield 1 <« < v uazlwieudsinuazaeeiims
o 1 e a o a ¥ =& 3 ° " e
fwnmdulszanimsanadavesdn B,0 Ao Faluduasugamovesnmsfiman midu
Uszansveamsanaasszaanumuali
P 3 g o = .:g.:: o g
e liid lamsiinueesnszuaunmsmnade@iu s1zAnsanaunsveInsie

aan (a;) Noglumenvesduns ldamihuazdunlsdounduy

1
?1 a, () i bj(0t+l)ﬂt+10)
a3 = 7N
22 at(i)aij bj(0t+l)ﬂt+l(i)

t=1j=1

(2.73)

nosendyanveilunmsimne a6 Wedmuald

a6 unu a niahidumsaina
am umu a fmnaudd
@ unu a UNUNBTTUYDY @ NOUMIAING

P A W
Wenausuau t=1

AU o, () MuEAuMIi 2.47 nazimua i i = a6
1

A —

o ¢ = N
2 a,0)
i=1

uag a,() = c,ay ) Wenm 2 <t<T
FUUINHIMIMUIUN @ () MuaumMsmMamiloni aunsi 2.48 Taoldimeuves

v &= Yo a
ATNHIUNITANALAD a!(i) i]"w'vlﬂ U

N
a® = La _(a;bO) (2.73a)
j=1



A o v e a a
e muamdulszansmsmnads ; o, 1

¢ = — (2.73b)

> a6

i=1

il

Il

am = a0 (2.73¢)

a a v
VINAUNIIN 2.74a-c TATUITDY Uuﬂuﬂ‘ls‘lﬂlﬂu

N
2 d(ajb0)

i=1

a,® = | (2.75)
IIDIANOLILYCH

i=lj=l

uaz Tasmsmilenhannsodon @, , ¢ Wi

t-1
a, 0 = (HcT) a, 0 (2.76)
T=1

¥
Asiuasodion @6 1Al

N t-1
> a,, () c.|a.b.(0,)
o t-1 T it a(i)
= 2.77)

aG) = =
50 . t-1
% 2 aHQ)[ cT] a;;0,0) Za (i)

T i=1

i=1j=1
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3
LY
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Numeric Identification for Thai Spoken Language by
Recognizing Vowels and Tones Using Critical Band Intensity
and Quantized Pitch

Pakdee Chantraket and Kraisin Songwatana
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand.
Email: pakdee2@hotmail.com, kraisin@telecom.kmitl.ac.th

Abstract

This paper presents a method for numeric recognition for Thai spoken language by classifying
9 vowels and 2 tones via K-Nearest Neighborhood (KNN) and Hidden Markov Modeling (HMM).
Speech signals of Thai numerals are considered in 2 stages. In the first stage, speech signal is
represented by frame of 18-dimension feature vector of Critical Band Intensity (CBI) and classified
into Thai vowel via KNN. In the second stage, only speech signals of Thai numerals have a model as
/-aa-/ is represented by quantized pitch which derived from pitch analysis and classified into tones via
HMM. The output of vowel and tone, are used to classify for numerals.

1. Introduction

The using of Thai numerals is important in
many lications such as voice-dialing
telephone, automatic data entry, PIN system,
etc. The words or syllables of numerals consist
of consonants, tones and vowels that can be
recognized by system of consonants recognition,
tones recognition and vowels recognition. This
paper presents a method of Thai numerals
identification by recognizing vowels and tones.
The Thai numerals consist of 10 numbers, (-9,
which constitute different pair of vowels and
tones as shown in Table 1.

Table 1. The vowels and tones constitute Thai
numerals.

Numeric | Vowel Tone
1 I=v-/ Low
2 -@@-/ Rising
3 /-aa-/ Rising
-+ =i/ Low
5 /-aa-/ Falling
6 J-o-/ Low
7 /-e-/ Low
8 1-xx-/ Low
9 J-ay/ Falling
0 /-uu-/ Rising

The vowels recognition in Thai numeric is
carried out classifying frames of transfer
function of vocal tract on Bark Scale and using
the 18-dimention feature vector of Critical Band
Intensity to represent each frame. Each frame
classified by KNN technique into vowel. As for
the tones recognition in Thai numeric, the pitch
or the fundamental frequency is calculated from
each frame of signal using autocorrelation with
center clipping method. After which, the
sequence of the pitch is preprocessed using
median filter to filter out unnecessary
discontinuities, followed by quantization of data
sequences in term of raising, decreasing or
remain-the-same state in the sequence. The
sequence of quantized data is classified by
Hidden Markov Models into tone. The output of
recognitions, vowels recognition and tones
recognition, are used to classify for numeric
identification.

2. Analysis of numeric and recognition
model

From Table 1, the Thai numerals consist of 10
numbers which have 9 unique vowels and 3
unique tones. The numbers of ‘3" and ‘5" have
the same vowel as /-aa-/ but their tones are
different, rising and falling, respectively. Firstly,
we consider the process of vowel recognition to
classify the 9 unique vowels. After that, only the
speech signal having vowel recognition as /-aa-/
is sent to 2 models of tone recognition via HMM
to identify the tone and hence the number ‘3" or
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*5°. On the other hand, the speech signal having
vowel recognition via KNN as the other models

are sent to identify the number (‘1°, 2°, *4’, *6’, -

“7°, 8", ‘9" and ‘0’). The block diagram of
decision rule for recognition of Thai numerals is
as followed in Figure 1.

[ Thai Numeric Signat |

CBI
Other Models KNN9
Models
Model =/-aa+/
Quantized Pitch
HMM 2 Models
/-aa-/ and 1one
A
Other vowels
Svel, @@,
i, 1o,
el Joxxed,
l-ayl Jouud /-aa-l j + tone l
1N,2,46N'T, . g "
9" and ‘0" 3" and *§ Unclassified

Figure 1. The decision rule for recognition of
spoken numerals

2.1 Obtaining the vowel recognition from the
Thai numeric signal

The vowel recognition has 3 processes. The
block diagram is shown in Figure 2. [1] [2]

Thai Numeric
—

Signal

Critical Band

Function
Spectrum

18-dimension
N frames

9 Models of Vowe! from KNN
1 9 Models

Thai Numerals

Figure 2. Step for analysis and classify the
vowels of Thai numerals.

To evaluate the propose of recognition of
vowels for the Thai numeric signal which are
digitized at sampling rate 11.025 kHz and 8 bits
quantization. Three hundred samples of signal
are used to calculate the transfer function each
frame of vocal tract from LPC coefficients [3]
and each frame is a shifted from the previous by
100 samples to overlap the information. From
each frame, an 18-dimension vector, with
elements representing the critical band intensity,
is then used for in the recognition process.
Flowchart of this process is shown in Figure 3.

;Ha-! | Frame = 300 Samples

(b)

ik

Figure 3. The flowchart for finding Critical
Band Intensity (CBI): Figures (a-b) are Thai
numeric signal as ‘1" and output of CBL.

2.2 K-Nearest Neighbor decision for vowel
recognition of the frame of Thai numerals
The K-Nearest Neighbor algorithm calculates
distances between set of 18-dimensional feature
vector of Critical Band Intensities from N
trnining ut !lll.llcef_ = KI'.XTI).(T,H' belonging
one of the 9 classes of vowels of Thai numerals,
and unknown feature vector of 18 dimensions,
1, =[1,1,,..1,]; thatis

= Sl -}

when (f,,)‘ is the utterance in vector T,
I, is the target vector, and
(f_)' is the nearest neighbor of I,

102


Lib
Textbox


Ladkrabang Engineering Journal, Vol. 24, No. 1, March 2007

63

K vectors with the least distance from the
unknown vector are selected. The maximum
likelihood decision process is then used to
classify the unknown vector in the 9 models
(vowels of Thai numerals)

Once of each frame of the Thai numerals word
is classified into vowel by KNN method above,
it is possible to classify the Thai numerals into
vowel, by choosing the maximum likelihood of
the vowel classified for each frame. We have
performed speaker dependent experiments 1,500
words of Thai numerals (150 sets) from 3 males
and 3 females subjects by using 12-order LPC
and at K=5. They are used as training sets. The
rest 1,500 words from the same 3 males and 3
females are used as test sets.

The vowel recognition of frames of Thai
numerals results in average accuracy of 92.24%
as shown in Table 2 and the vowel recognition
classifying by words result in average accuracy
of 96.53% is shown in Table 3.

Table 2. The vowel recognition using frames of
Thai numerals as the test set.

Fraarm Tast : 3 males and 3 fornales KNN=3

[l le]eleRE] T

Table 3. The vowel recognition using word of

Thai numerals as the test set.
Word Test - 3 males and 3 fumales KNN=3

Vol | T | 7 -:,-:I wle[T][® [¥] v %t
Vowsl | vt | 7| Fand |Fid|Ford |t | e | Fagd | st | ccuracy

T Ewd (18] 0 | O 0 0 10000
HrY 18 | 0 X
[T rwi |0 158 s $0.00
| bl 7] 9667
B 14 9667
€[ ket [ O %] 0 14 | 047
7kl | 0 47 98.00
® | bxad 14 %33
El_gg! 0| 0 [ie 5600 |
[ [t 0] 0 | 0[] 98 |
4 hverags Acowacy 5]

2.3 Obtaining the tone recognition from the
Thai numeric signal

There are 4 steps in the analysis of tone as
shown in Figure 4. [4]

Thai Numeric d | Z
——3| Pitch - »|{ Prep 8
Signal Freg)
Quantized
Pitch
2 Models of tone, HMM
—
2 Models
Falling and rising

Figure 4. Steps for analysis and construction of
tone recognition engine for Thai numerals

The sequence of Thai numeric signal is first
segmented into frame (300 samples per frame)
with a shifted from the previous by 100 samples.
Each frame is first low-passed filtered to a
bandwidth of 900 Hz to reduce the damping
oscillation effect of the vocal tract response. The
low-passed signal is then center-clipped to
locate the signal’s peak. The clipping level is set
at a fixed percentage, 80%, of the smaller
maximum absolute values between the first and
the last 100 samples of the speech segment. The
auto-correlation of the resultant signal is
calculated to find the pitch for each frame [3].
The equation for auto-correlation is

N-1-k

R(k)= ) y(m)y(n+k) ()]

where y(n)is the nth sample of the center
clipped signal,

k is the auto-correlation time scale
from 0 to 250,

n is the sample index from 1 to N, and

Nis the number of sample is each
frame.

From the equation is shown that the auto-
correlation is a function of the periodic signal
with period P. The local maximum of the auto-
correlation function occurs at k=0, P, 2P and so
on. The highest auto-correlation peak R(0) is
located at k=0 and the next highest peak R(P) is
located at k=P. Hence, the fundamental
frequency F, equals to F/P, where Fs is the
sampling frequency 11.025 kHz and P is the
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quantized sequences from the same 3 males and
3 females are used as the test sets.

The tone recognition of the Thai numerals
results in average accuracy of 91.67% as shown
in Table 4.

Rising | Falling %Total
Tone | “ugry | o5y | MACUREY | Average
Rising
1 X
(‘3) 36 14 90.67
91.67
Falling
11 92.67
5 139

Table 4. The tone recognition of the Thai
numerals.

According to the result of vowel recognition and
the result of tone recognition, after the decision
process we have the percentage of recognition
accuracy for the Thai numerals when tested with
the new data 1,500 words from 3 males and 3
females are used as the test sets. The recognition
of Thai numerals results in average accuracy of
94.47% as shown in Table 4.

Table 4. The recognition accuracy for the Thai
numerals.
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3. Conclusion

The method of classifying vowels and tones of
Thai numeric speech using KNN technique and
HMM technique can be used to recognize
numbers in Thai spoken languages. The result of
vowel recognition of each frames of word at
92.24% of the maximum likelihood vowels of
frame and the result of tone recognition of each
words of Thai numeric speech is and average of

91.67% accuracy. Hence, we can be classified
into the Thai numerals with 94.47% accuracy.
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