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##4370376921 : MAJOR ELECTRICAL ENGINEERING
KEY WORD: INTONATION RECOGNITION / THAI SPEECH / F; CONTOUR / FEATURE CONTOUR / NEURAL

NETWORK
PATAVEE CHARNVIVIT : THAI SPEECH INTONATION RECOGNITION USING
NEURAL NETWORK. THESIS ADVISOR : ASSO. PROF. SOMCHAI JITAPUNKUL, Ph.D.,

THESIS COADVISOR : SATIEN TRIAMLUMLERD, Ph.D. 157 pp. ISBN 974-17-4902-3.

Thai intonation can be categorized as paralinguistic information of F contour of the utterance.
This thesis presents a method of intonation pattern recognition of Thai utterance. Two intonation feature
contours, extracted from F, contour, are proposed. The feature contours are converted to feature vector to
be used as input of neural network recognizers. For each experiment, utterances from male and female
speakers are trained and tested separately. In the first experiment, the utterances are devided into three
classes of intonation pattern, the fall class, the rise class and the convolution class. The recognition rate of
this experiment is 61.6% for male speakers and 73.7% for female speakers. The confusion matrices show
that there is a lot of confusion between the rise class and the convolution class. So the second experiment
is constructed, the number of classes of intonation is reduced to two classes. The utterances of the
convolution class are re-labeled as the rise class. In the second experiment, the recognition rates are

improved. The recognition rate is 81.7% for male speakers and 90.8% for female speakers.
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{ [ a o 4 {
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an o [ @

a o 4 1 c?/’ a ] 4
5NN UNIT F vedudaz sy ulivaieds i5u 350 andunus
. an v o 4 . aa Jd v 1 =
(autocorrelation) AT T H & YWu s lud (cross-correlation) AFNINTUANAAIVUIARD Y (average
a o o 1 v J
magnitude difference function: AMDF) wazdsrlansy (cepstrum) AIDYNVDIADUNIT F| VDI
{ : < 1 v J ' { I I
doayaudaalugii 2.6 Favzmiuldneuiing Fynaaeu lusreindeuiudoslidoq 14
WA ITEINTYFUL “W” VDIAII N IT1L” (phr@3/) T GINTYFUL “U” YDIAIT1 “¥19”
o o 1 1 [ { I
(/khaat1/) tagt@eandaysus “U” ¥99/191 “Useuia” (pral/maan0/) drulusr9nids iy
=1 9 [~ U v J = ] 1 [ 1 4 = 9 A [
(@89N03 3 UNNOUNIT F, U31919619 9 iulunaaznensd uazluud Tdunszaasedvag
Y 2R 9 a A = J J 4 o = a R
INAUIADNINYIT 11030 INHAVDUTBIITIUYNA TULADZNENIA HAZIIUOUT VDI FI0E

nandelasazidealuiivesaly)
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317 2.6 (M) 3UnAWFBINAYDIE “NT 121152107 (/phr@3/khaat] /ngop3/pral /maan0))

(¥) AoUII3 F, voagilaaudeslude (n)
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v A

A 1 J I { o = a 1
dre duvarideduaisawman Iasunnidesnan @y Fujisaki (1996b) 1daTu1831

U

Ay v = R o A s
ﬁWi’ﬁumﬁﬂllﬂﬂWﬂ!ﬁﬂQWﬁﬂﬁWﬂWimlUQMlﬂlﬂu 3 ﬂi%!ﬂ‘ﬂ“ﬁﬁﬂ A9 1T TUNANNAIYIAITNT
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msdumneaazlsznnaail

s < v 7
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Y < 9 o v 4 = = .
anwnsonaaslimiuldludnyuzvouravesdydnyaluuuAania (discrete symbol) 1tazng
o v W J J Y o Y [~ ] o
Yyosmaidganuaiaig q martinGesiu msaumalsznniiaansouaasldiiuedieda
o g 4 a J
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viilumsauma nuuddnsanazansonenilszinn 1@ (categorical) 108 19YDITTAUNA
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Uszanil 1y dszanveamsiumdesavesi lumug iy suiludeyanidnyusfania
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iesnnasnzs ldniudenssugndla nsomsiwdoslszinn lvusindszinn
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ﬁTﬁﬁulﬂ‘ﬁﬁ\iﬂT]elWfﬂﬁﬂi’fﬂiﬂ'ﬁQL‘IJullfg]jﬂ\‘lﬁTiﬁulﬂﬁllﬂﬂaﬁ’fﬂﬁmlﬁgﬁWiﬁumﬁ!LUUﬁ@!ﬁﬂ\3
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~Sp 19 1 P2 I A A Y}
-misauman W l¥ammans (nonlinguistic information) WuasaumaningIve
o v 1 (] A o [ 4 v 1 1
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=
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asaumean llgampimansdszanaie q 18 Fezuanarennasaumanivimans a9l
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TunsdlvesdrsaumanInAouiag F, ¥oudoaya Fujisaki (1992) Niin13d1adalu
A
Mixdorff (2002: 16 - 17) Tal9 159155 5umAU0INTZUIUMS IUMTUszuIanaa s aumem 3
o o { 1 1
Uszinn vosduasui i laneuiing F, veudeayaniiglsruuuais q Tagld@usuny

o [ ~ 4 I~ o 3
$raesmsdszuranamsaumavesduadaanlugii 2.7 Fuilumsiuerdarsaumenia 3
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9
Y
P~
NY¥UsOU

v
suu lhswalegrutunounig

9 9
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13N 2.7 WedaneIn1analsz Tennia q asaumaluszauge (@saume
Y o 9 @ 3 1 . 9
YUUT) {ﬂzgﬂuflﬂL"’lﬂi‘ﬁﬁﬂuﬂa’]fJUJUWU'J‘(’JLLUTJUWN‘Eiﬁil (abstract unit) LLa$Iﬂ§Qﬁ§1Qﬂ1Q
oaj dyd 1 9 . = 4
NIYTVUADUULIYINIT NITDDNUUUUDAIUY (message plannlng) Iﬂﬂﬂﬂaﬂ’l\‘luljfﬂﬂﬁﬂ‘! (rules of
I v o @ 3 T
grammar) ﬁJ'Ll@]'JﬂTHLlﬂLn.!'JT]'Nil!ﬂTiﬂﬂﬂLLUTJ‘{I}f’Jﬂ'J"IlI WE‘Ni]"lﬂl!i!ﬂ&%"lqufﬁ?ﬂﬂWﬁ@f’]ﬂLl‘U‘U
$ I ] o o
ﬂigiﬂﬂuﬂ (utterance planning) Fa9zlumsuang (phrasing) MIRHUATAHAZYDINTIY
a J . o 9 . o dy& [
Lﬁ831UW8TQﬂWTQ 9 (accentuation) HAaZNININUANITHYALIUITIA (pausmg) ﬂlumuuam‘ﬂu
oaJ‘ A £ 4 ~ ] ] d 9 s
VULTDINTTITTUNADINTIHIAITNT !,Lazﬁ”l’iﬁumﬂ‘ﬂ"ljJGlGIme1ﬂ1ﬁmmmmﬁ’sﬂumzu3u

a A 4 IS v o ] [ 1
mawandsana saztludimvuagduuumsya vagmanialselon Tudnyausan o

'
o

[ 1 o Y a A o 9 A
Wﬁ\‘li]1ﬂN11!ﬂi$1J’Juﬂ'liE]E]ﬂllﬂﬂﬂigiﬂﬂ1@'@i]ZT]’IGl“YTLﬂﬂﬂK‘T\?‘I/I'IQ‘lJizﬁ’I‘I/]VIT]’IWuTV]

A = [ J A g
AIUANMIAADU 117 (neuro-motor commands) F93g lmauauedoazais q Adlunalnlums

o A A K = 3 o = XY o w g
Auilaideana o lumsaumavzgnilasu lfludyanondeae Tasezlidedinaniaaiu

9

= . . Y . S v o ! 9 o o
@35¢ (physiological) 118¥ATUNIBAIN (physical) VOIgWATIUAIMIHUAT IUTTIIATINIING

a A

inaou 1) (motor command generation) wazauldduiiad 839A (speech sound production)

o dy 4 Y I3 =K v o AW IS
ll‘UUﬂTﬁ@\‘luVlﬂllﬁﬂ\iclwH’Tuﬂ\‘]ﬂ'3']11fnﬂcluﬂ']iﬁ']ﬂj'lllﬁllwuﬁﬂ(’]fﬂmu (clear) aziilu

W98 (unique) sznINANUzNFUNA ldIndyaaudoana @oyavioon) Aunisia

. ) :
Taseardavestlse Tenvosdya (Foyavudn) suiunszuiumsdounduveagdi 2.7
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Input Information Rules of Rules of Physiological Physical
Grammar Prosody Constraints Constraints
(et | \ \ v \
Lexical
. Motor  [—P»|  Speech Segmental and
Syntactic Message Utterance L -
Linguistic > > | Command | * Sound [ Suprasegmental
Semantic Planning Planning e .
Generation Production Features of
Pragmatic A A A
_ y, Speech

N\

~N

Intentional

Para-
—~ Attitudinal P~

linguistic

Stylistic
- 7
Non- Physical 1
. . . ' ‘
linguistic Emotional

A Y A A Aa ] 3 @
311 2.7 nsznumsvesdyamien)dsuasaumastian o liidudnyaus

U

YBUFEIYA (Fujisaki, 1995)
222 ANUHNGURINIUDUTBINA

i1 nnunuevesiweudoana l3uinuie @108191%u Botinis, Granstrom 1az
Mébius (2001) latioanunuevesiueadssya 1391 iueadeaya vuneds msswiu
@ ° = 1< ] Y A 14? =
YDIANHUENNANNGIAUDUTEN (tonal feature) IUNABTUHUIONI TATIAT N QU F9
o Y] d o a 4 {
UANNAURUTAVNITINNDITNIUTIIVDIANUDYAFIUVBUTEIWA (acoustic parameter of
voice fundamental frequency) HtazanyazRMIzYRINTasunlasaves F, lunszuiunis

=
MUTEINA

Tunnanuiinernuieadeanalasna liinezlinnuduaussninsiiueudos
. . = ) 'y A Yo 1_o = A o=

WA (intonation) HAZITEIFOU (prosody) Ad U INHENIFA1IM MR UTIIWAIBNA1IDY
o ° 2 "o Ao 1 a g o Y A =2 o

ANBALNNANNGIAVB AL (F) i Tuvaznarnudesgeutine luilonineddnyus

'VlNﬂ’ﬂﬂJtIﬂﬁ”ﬁli’NLﬁ’Elﬁ’mﬁd 52821901 (duration) Lmzizﬁummﬁumauﬁm (sound pressure
E4 9 v

level) A28 wenvniidwesluanuruiening q dueudoayaazsiwng seauidesgadmny

imW1z 9 (local tonal distribution) 11az 5z AUITE4gIAMVVNI (global tonal distribution) HAA1

v [ k4

wosluanunmeuay 9 azldminiueudesgedi (intonation proper) HNUTZAUFIAIUDING

UszTon Tasazihdnyuzvoudesgedivoudesi 43 wunaumu1eveani (exical tonal

I [ %
features) Tdludrpaznilavoudeston (prosody)
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223 MUBUTLWAVDUIAATN I

k4 1

o = A v o A . 2 o '
mmmmﬂmﬂumaﬂymzmﬂumﬂa (universal) LAV UNVLAALNI1Y (language
@ ll | o ' 1 Y
specific) gnddpgsvesaNuiludinavesieudosya Taun i Tasdiuinn dnyuzidos
A r a Jd ~ £ Y o 9 o Y ' = A
walaing (F) Ageun dnaziih 11 lums i ldidesyauanasanidesyasssuainiia

a <o A Y3 1w Y ) i
NNYA L‘WE]LLET@QGl,mﬂuﬂ@t\l,ﬂﬁﬂﬂﬂﬁﬂﬁ\l (Hirst 1482 Cristo, 1998)
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~

' < o = 4 @ 1 ] Y @ '
f]Eﬂﬂﬁﬂ@ﬂﬂJﬂWu@ﬁ!ﬁﬂiWﬂﬂ ﬂﬁaﬂymzmww‘nﬁuﬂuLmazmm ﬁ”mwuﬂu AIDYN

1% Hirst 44 Cristo (1998) 1835703570 UNANUNNAIDIGAYULUDINIUD UTIIUDINTHA
' Y ¥
A19 9 20 M1 UNANUEAazUNANNT U TaediFer AU U U0 IN B NIY 9 ¥

Y s K ' 1 Y @
llﬁﬂ\ﬂﬂ!fl’iUi]\‘]ﬂ'ﬂllLl@lﬂ@l'NﬂlﬂﬂllﬂﬂgﬂWH'lhlﬂ@ﬂ'NG]fﬂlﬂu

1 Y 1 A A A 4 Y]
mmmmummm"lmﬂu 2 DRV ABD NHINULTYIITIUYNA (tonal language) NUNTY

Ay 12 A o A A Jd A A o

VluliJllLﬁfJ\i'Jﬁiﬂ‘!QﬂGI (non-tonal language) MEINVIFYIITIUYNA AD NIHINANHULVDINIY
° 1 o 1 v J 1 o 1 o QEJ}

qmwmtﬁﬂﬂmmazm ﬁ?ﬂ?}ﬂﬁ?ﬂﬂlﬂﬁﬂﬂﬂﬂ?i F, TuunazMUHAADANUNNIBVDIAITY

1 = A = 1 A a A I A A
YU ﬂ"l]eﬂ]l‘i/lfl MPUIYAUIY NTHIA1I UITDNIRIIU mumym“lumam:mmqﬂm 9 NIYIN

1 v J 1 1 o ] [ Y
gﬂﬁwmmums F, UlﬂJﬁNﬁ@ﬂﬂfﬂNﬁlﬂﬂﬂl@dﬂT U NIYIDINOH B UIDITNUU W??JﬂTH”I

U

Q

2.

A A o 1 1 J '
i luiiidearssagna lasadm vy aunsonenanuuanaesgninlse Teaven
"o 0 v y y v 7 A& & Ay .
@ nusz Tendnw 1 Tasdunaninanyuzyesneuiag F, dagaiuinmetss Ton 5w n1w
99N ¥ (Taylor, 1992) NBUEDTHU (Mixdorff, 1998) azn 11| (Ishi azAUDY 9, 2001)

AI01UFY ANHAULVOINIUBUTEN 6 LUUURIN YU AdaadluaIsiem 2.1
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Q
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FHYNITIUYNA fﬂzmu"lﬂm MIFUVUUBDI ABUNIT F LLﬁﬂQiﬂLﬁu‘i]Q‘ﬂWu@ﬂlﬁﬂﬁﬂl@ﬂ

52 Tonf0 1 (Toki e Murata, 1989 81399914 Ishi azALDY 9, 2001)

Type Intention Impression
Long Rise Question, confirmation,
Gentle
(LRs) - offer, invitation
Short Rise Question, confirmation,
Carefree, cheerful
(SRs) agreement
Long Flat
General answer sentences Calm

(LFt)—>

Short Flat
General answer sentences Carefree, cheerful
(SFt) -
Weak Flat Reserved question,
As talking to oneself
(WFt)—» reserved decline
Understanding,
Long Fall Consent, dissatisfied,
~ discovering, confirmation,
(LFa) disappointed
doubt, offer

[ { 4 ]
daumuNlidedssugnd u 0181 1ne 1azA 1819 (Yuan, Shih, 11ag Kochanski,
o to & : o d A o
2002) Wu liduduiimsineunas F, geliuiivedse Ton agvruiealse Teadinmave' T
A A a s o Y A ' o o 44 4 Y 3 Y
210NANNMINTIITTUYNAYDINGIAGANIHF1T 190090115 F, Tinuauegudan 1d
o ] [ v J ~ I = 9 A A 1 o
A198195U ABUNIT F, Tugln 2.8 (n) Wwdeanavesgnaanyaii anasinluaisay
£ o = 1 1 v J A Y A v
nun gutluimeudesweilss Teavenal uaneuiiig F, naamevedilsy Tearziianyae
o d?’ A = v T A I = 9
FUIUIT090INKAYDUFEITTUYNATIANVIN 1 Tne dauTugii 2.8 (v) Wudeayaved
A A T 9 ] P o = o 1 v J A 9
wganya aneg llud? Fuduieudesve)sz Tendraw uanouiiag F, Ag1esiieves
LY 4 o
UszToalianbazanad 1HoI0nNAv0UFeIITTagNA Inueeny Ing

o <

[ P J o o 9 Aan Yo o = ~ ' @ 421
mu%zmu"lmw LmazmywmJufummmﬁmigmmummmmmmwﬂuﬂﬂ UU

[

v 4
PYNUANHULVDUTHIGIAVOINTHT LAZMIUEUANNNUIBVDII U UTEIVDINTHIIY 9
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224 GNHUTNNANVGIRWOUTBIWAN T TNng

@ o = ! 1 Y 3
Li”lﬁ”lﬂJﬁﬂllfNaﬂHmZﬂNﬂTmQ’WH"UENLﬁEN1uﬂ1‘Hﬂ“ﬂﬂ TILL‘INulﬂL‘]J‘L! 3dszian

alsznnvosansawman i luiade 2.2.1 Taun

2241 1#89233UYNA (tone)

& o o a ' s Aq ¥ s A
L‘]JuamgmzmNmmqqmWmmm‘lmmazwmm Vl{lﬁﬁﬁﬁumﬁﬂNfﬂEWHﬁﬁi 1)
Y
4l

Y1 o d' g = 1 1 ] o U ] U Y 4! A A [
‘lJ’E)ﬂ"l,ﬂ’J”IﬂWVIW”ﬂuuuﬂ’ﬂﬂJWiﬂﬂ’ﬂﬂfﬂ\‘]]li FU A1 AT U1 AT AT LAS VT BINTSINTYFUS AU

IS = A A A [ =) J @ A [
LTJL!LZ‘TEJQ A7 LUAZ WAYNATE ‘D1 IMUDUNU LANANUHUIYANNIU LUDIINANHUSNITOON

NS ERTORETNY

= o = = ) 1A o . Y =
ideenssagnaveaniytIned 5 1doq 1Aun 1doadaia (the mid, unudle1av 0) 1doq
10 (the low, UNUABIAY 1) 178N (the falling, UNUAIBIAVIAY 2) LFHEAT (the high, LNUAIY
= [ ¥ 4 P4 A o J = 4
1% 3) 1azIFe99n 21 (the rising HNUAIB1AY 4) 3T 2.9 uAAINOUINIS F, Youdoa13Tgna

. 4 yo A ow & ¢ J
uaazilsznnlunuInelTaomas Mindyamiludane dayam 1 wenaassaz

the falling

the rising
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Duration (%)

9

~ o o = Y p a Yy A v
?J‘]J‘VI 2.9 ABUNII Fo ﬂlﬂﬂlﬁﬂﬂ?iimﬁ}ﬂ@ﬂﬂ 5 mﬂﬂumm"lmimmaﬂ mﬂTﬂﬂ@m@mﬂumm

Fayaf 1 WeIA ASIaZA1 (Thubthong, 2001)
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A A v J = 1 A v A Y A
ONITAUINDUNIT F  UDUTIINAADIUD ﬂw"lmmmclugﬂﬂ 2.6 uaz 2.8 lag

[ (2

o [ @ 1 4 a 1
mm@lmnﬁuammmﬁﬂmiimqﬂﬁsluﬁiyaﬂyﬂﬁmm?fﬂwaumazwmﬂ (ﬂ')%ﬂ"lﬁ’f)ﬂﬂl

o [ 4

= Y A < PR o o ' s
ﬁﬂlaﬂ}lmllﬂutﬁﬂﬂqﬂiuﬂTﬂWu?ﬂ‘ﬂ ) ﬁ]glﬁuhlﬂ'ﬂ ADUNIT Fo VDNLAASNY NN L‘]JuWﬁlniﬂﬂ

o

@ Y

2 = @ A J 1 A A A &2 g o

IHEITIUYNA mmﬂymzﬂmﬂﬂugﬂm 2.9 LLmz"lumaJ@umﬂmﬂm Fuduwan1nilede

[ 9 1 9 4 [ v J Y =S

AN 9 "lmm TA59a319v0aNe9A (syllable structure) gﬂﬁwmmums Fy UDIWI WAV WAL
. . o = . . 9 s o < .

(coarticulation) NTUBIUTYIWA (intonation) NITLUULTYY (stress) i’)@ﬁ!iﬂiuﬂﬁwjﬂ (speaking
o A Yy A Y . Y Y

rate) @ UUYIVOINTHINOIDUVDINNA (dialect) INAVDIFNA (gender) DI1YUDINA (age) DY

t4 9 .
013UUVDIRANA (emotion) (Thubthong, 2001)

y a [ @ v S
Wennsanawanyuzvesasaumalunide 2.2.1 91891 109235204 Tun 1M
d 4 1 o
Tne Wuasaumanianimmeans 199 1NFeTTUYNATHAADANUNLIBVDIRT L1AZIT]

ansnveniizinnveadessugna lanndeanuiou
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2.3 UV ID (Fujisaki model)
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2.2)
i-1 =1
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0, .t <0,
TGE
min [1 - (1 + f¥) exp(-f), A, t 20,
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Feg,(Hz)

Fc, .«(Hz) line0 line 0.5 1.0 1.5 20 25 30 35 4.0 45
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Abstract

This paper presents a monosyllabic Thai tone recognition
system. The system is composed of three main processes,
fundamental frequency (FO) extraction from input speech
signal, analysis of FO contour for feature extraction, and
classification of each tone using the extracted features. In the
FO feature extraction, the polynomial regression functions are
employed to fit the segmented FO curve where its coefficients
are used as a feature vector. In tone recognition, we used the
maximum a posteriori probability classifier (MAP) to classify
a tone by assuming that the feature is a multidimensional
Gaussian random variable. The hypothetical words used in this
paper are composed of numerical words and monosyllabic
Thai words. The vocabulary set is composed of the short
vowel words, the long vowel words and have the effect of
initial and fina consonant on the shape of FO contour. The
experimental results show that by using the system as a
speaker-dependent system, the maximum recognition rate is
96.20% using three-dimension feature vector. The speaker-
independent recognition rates are 79.99% for mae and
82.80% for female using four-dimension feature vector.

1. Introduction

Tha is a tonal language. There are five tonemes in Thal, the
mid, the low, the falling, the high and the rising. The feature of
speech that was used to classify the tone is the shape of
fundamental frequency (FO) contour, which shown in Figure 1.
There are several parameters that also have the effect on the
shape of FO contour such as the gender and the age of speaker,
the initial consonant, the final consonant and the duration of
vowel (short or long). In this paper, we used the hypothetical
words that consist of severa effects. In our process, the FO
contour of input speech was automatically smoothed and
segmented by the proposed algorithm in section 3.1. Then they
were fit by the polynomial regression function, which we used
its coefficients as the features of FO contours. In the
recognition process, we used the maximum a posteriori
probability classifier (MAP) to classify the tones by assuming
that the feature vectors are the multidimensional Gaussian
random variables.

160
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Figure 1: Average F, contours of the five Thai tones produced
in isolation by a male speaker [3].

2. Thai Syllable Structure

The Tha syllable structure is composed of three different

sound systems as follows. [2]

1. The system of consonants consists of 33 consonantal
units, 21 consonants and 12 consonant clusters.

2. The system of Tha vowels consists of 18 monophthongs
and 6 diphthongs. The monophthongs are qualitatively 9
different vowels, each of which has two members, short
and long. Each of three different diphthongs aso has 2
quantitatively different members.

3. The system of tones consists of 5 tones. There are 3
kinetic or relatively leveled tones, the high (H), the mid
(M), and thelow (L), and 2 dynamic or contour tones, the
faling (F) and therising (R).

The smallest construction of sounds or syllables in Thai is

composed of one vowel unit or one diphthong, one two, or

three consonants, and a tone. The construction can be

represented with the structure as illustrated in Figure 2,

S=Ci(C)V'(V)(C)
Figure 2: Thai Syllable Structure

Where C; is initid consonant, Cs is find consonant, V is
vowel, and T is tone respectively.
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3. FOFeatureExtraction

The FO feature extraction process has two procedures. The
first is FO smoothing and segmentation procedure. The second
is polynomial curve fitting procedure.

3.1. FO smoothing and segmentation procedure

FO from the FO extraction process will be smoothed in the
smoothing procedure by using median filtering. In the
segmentation procedure, there is algorithm that was used to
segment the smoothed FO. This algorithm will determine the
beginning and the ending frame of the longest time that FO at
each frame has the value differ from the neighboring frame no
more than AFo = 17 Hz.

3.2. Polynomial regression

The objective of this procedure is to determine the coefficients
b, of a polynomia that fits the segmented FO contour. Let

F=(F, Fz,...,FL)T be a sequence of segmented FO of length
L, F=(F,F,...F)" be an estimated vector of F. A d-
dimension feature vector B=(f,A...fBq) is the
coefficient of (d-1)-order polynomial regression function

Fo= fo+ Bl + Bot? ot Byt (1)

where t; :I—L isanormalized time respect to F, . Equation (1)

can be expressed in matrix form as

F 10t 2 8 B
- 2 d-1

Eotp, |||t % ® YA o
F 1t ot 9| Bas

A solution for B in a least-squares sense (minimize the

Euclidean distance between vectors F and F ) is obtained via
forming the pseudoinverse of T, that is,

B=(T'T)"T'F )

However, if T'T is nearly singular, the numerical errors

incurred in forming T'T, and then forming the inverse,
spawn a need for alternate approaches that are not plagued by
numerical sensitivities. One solution, known as QR
decomposition, can be used for this case.

4. Classification Algorithms

A decision rule that used in the tone recognition process is a
maximum a posteriori probability classifier (MAP). Before
using this classifier, the input feature vector  will be sent to
the automatic gender identification procedure to determine the
gender of speaker. This procedure will help the MAP process
to select the proper model for each gender.

4.1. Automatic gender identification

The fundamenta frequency of men is usualy found
somewhere between the two bounds 50 - 250 Hz, while for
women the range usually falls somewhere in the interval 120 -
500 Hz [1]. So, the parameter that possible to be used to
identify the gender is the FO levels. The average value of the
segmented FO is used in this paper. The identification
agorithm is that if the average is more than the threshold, the
recognized gender is female otherwise the gender is male.
Because the feature vector is composed of the coefficient of
the regression polynomia that fit the segmented FO, the
average value can be determined by these coefficients as
shownin5.1.1.

4.1.1. Estimating the mean of the segmented FO

The estimated FO can be expressed as a continuous time
function, that is,

F =fo+ Bt + Pt +ot fygt®™ @

where t [0, 1].

The average value of this function, that used to approximate
the mean of the segmented FO, can be determined by the

integral from zero to one of F with respect to t asfollows:

= J.:ﬂo + B+ Pot? ot Byt
1 1 1
= fo +§,51+§,B2 + "'+aﬂd—1
=Wwgp ®)

1 1 1.+
where w, = =, =, .., 4.
0= > 3 )

4.1.2. FOthreshold

The threshold of FO, which used to classify the gender of
speaker, can be determined by assuming that the probability
density function (pdf) of m for each gender is Gaussian. We

can apply the MAP classifier as shown in the next section but
in the 1-dimension case to find this threshold.

4.2. Maximum a posteriori probability classifier (MAP)

A decision rule that used in the recognition process is a
maximum a posteriori probability classifier (MAP). The MAP
classifier will select tone i for the feature vector p of the

unknown speech input if the posteriori probability

P(w |B) > P(w; |B) Vil (6)

where w,, w, W,, w; and w, aretheclassof toneM, L,

F, H and R respectively. This probability can be determined
from

[P(B [ w)P(w)]
P - 7
(W |B) o) (7)

where P(w), the priori class probability, is assumed to be
equal for al tone.
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The pdf of feature vectors is determined from the
summation of all conditional pdf given each class, that is,

P(B) =2 p(B W) ®)

Notice that the quantity P(w) and p(B) are common to all

class-conditional probabilities; therefore, it represents a
scaling factor that may be eliminated. Thus the decision
agorithm become

select tone i if P Iw) > p(B|w;) Vil (9)

In this paper, we assume the class-conditional pdf to be d-
dimensional Gaussian pdf. Therefore,

_d 1
p(B | W) = (27) 2|E,[ 2 ap{*%(ﬁ -m) EB - uk):| (10)

where B is d x 1 with mean vector p, and covariance
matrix X, for classk.

If we take the log function, a monotonicaly increasing
function, to p(p |w) so the decision algorithmis

selecttone i if oy (B,p;) <Oy (Bont)) Vi (12)

where we define the maximum likelihood distance as
A (ﬁvl‘k):(B—Hk)Tzﬂl(ﬁ—Pk)"’land (12)

5. Tone Recognition System

The block diagram of the tone recognition system is shown in
Figure 3. The first block is the FO extraction process which a
single syllable is its input. The speech was recorded at 11025
Hz sampling frequency and 16-bit quantization level. FO was
computed in this process from 256 samples speech frame with
the overlapping of % frame by using the modified short-term
autocorrelation with center clipping method. The second block
is the FO feature extraction process, which determines the
parameters that have sufficient information to describe the
shape of FO contour by the method of polynomial regression.
The fina block is the tone recognition agorithm that uses the
parameters obtained from the previous process to determine
the best matching tone for the input speech.

Inpat

Speech
1]

Fil F0
feature

extraction

Feature
Wector
Tare Recognized

Fecogunition Tone
Process

¥

extraction

Figure 3: Block diagram of the system

6. Experiments

There are two experimental sets, the experiment on speaker-
dependent tone recognition system and the experiment on
speaker-independent tone recognition system. In the first one,
there is no automatic gender identification system because the
speaker of the training set and the testing set is the same. Both
experiments use 30 hypothetical words as shown in Table 1.

Table 1: Hypothetical Words

o Faling | High Rising
R e G R B I N G
/'dggn0/ ['paakl/ /'wing2/ /'nok3/ ['huud/
I'n@@n0/ ['petl/ /'kluuaj2/ ['to3/ ['svvad/
o ['taal/ I'kajl/ ['som2/ /'nam3/ | /'s@@ng4/
S| [I'mw0/ /'hnvngl/ /'nang2/ [/'saamd/
g ['thiian0/ /'sil/ I'kxxw2/ ['suund/
/'’kin0/ /'hokl/ [/'haa2/
['tiilang0/ ['cetl/ ['kaw?2/
['pxxtl/

6.1. The automatic gender identification test

The average values of the segmented FO for each gender in the
training set are determined. The mean and the variance are
aso caculated. By assuming that the pdf of both genders are
Gaussian, so we can determine the threshold for the minimum
of error probability. Thethreshold is 161.5 Hz, which yield the
accuracy of 100 % in the gender classification process of the
testing set.

6.2. The speaker-dependent tone recognition test

In this case, the training set use utterances from three trials of
al words in Table 1 and also using the other three trials from
the same speaker as the testing set. By varying the dimension
d of the feature vector from three to six, the recognition rate
is shown in Figure 4. These results indicate that the recognizer
has the maximum recognition rate a&¢ d = 3. The confusion
matrix of this dimension is shown in Table 2.

100
{

o
=

Fecognition Rate (%)

imensions

Figure 4: Recognition rate of the speaker-dependent tone
recognition system
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Table 2: Confusion matrix of the speaker-dependent tone
recognition with d = 3

Table 4: Confusion matrix of the speaker-independent
tone recognition with d = 4 for female speakers

Desired Tone v Relc_ognléed 'I|'_|one R Total AC?;:)&W Desired Tone v Relc_ognléed 'I|'_|0ne R Total Ac?;Or)acy
Mid (M) B8|3|0]0o]0o| 21 85.71 Mid (M) 39|10 7|0 0| 56 69.64
Low (L) 0|24/ 0]0]0]| 24 100.00 Low (L) 7|4 2]|0]0]| 64 70.31

Falling (F) 1]0]2]0]0] 21 95.24 Falling(F) | 8 | 0 |48| 0| 0| 56 85.71
High (H) 0J0|0]9]o0O 9 100.00 High (H) 1]0][0|23]|0] 24 95.83
Rising (R) 0/ 0|0]0]15] 15 100.00 Rising (R) 0| 2]0]1 3] 40 92.50
90 96.20 240 82.80

6.3. The speaker -independent tone recognition test

The training set in this experiment consists of the 30
hypothetical words similar to the previous section from four
men and four women. The test set is composed of four men
and women in the training set and the other four men and four
women that do not have their speech in the training set.
Similar to the previous section, the dimension of feature
vectors is varied from three to six. Figure 5 shows the results
compared between male and female speakers. These results
differ from the case of speaker-dependent that for male, the
recognition rate is increase when the dimension is increase
until the dimension is four, for female, the recognition rate is
approximately equal when the dimension is three and four.
When the dimension is more than four, the recognition rate is
decrease. The confusion matrices of male and female at the
maximum accuracy are shown in Table 3 and 4 respectively.
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Figure 5: Recognition rate of the speaker-dependent tone
recognition system

Table 3: Confusion matrix of the speaker-independent
tone recognition with d = 4 for male speakers

. Recognized Tone AcCCcura
Desired Tone MTLIETHIR Total %) y
Mid (M) 4068|210 56 71.43
Low (L) 17 44| 1| 1|1 64 68.75
Falling (F) 31471 21|0 56 83.93
High (H) 1]12|1]2] 0 24 83.33
Rising (R) 2|0 1|37 40 92.50

240 79.99

7. Conclusions

The system for monosyllabic Thai tone recognition has been
proposed in this paper. We used the coefficient of polynomial
regression function as a feature vector of the segmented FO
contour. In the training phase, the feature vector was used to
determine the statistical parameters of the model for each
gender. In the testing phase, the feature vector will be passed
to the automatic gender identification to determine the gender
of speaker and passed to the tone recognition process for each
gender. The tone recognition process will determine the tone
of the input speech by using the maximum a posteriori
probability classifier. The results show that in the speaker-
dependent system, the optimum dimension is three with
recognition rate 96.2%. But in the speaker-independent
system, the optimum dimension is four with recognition rate
79.99% for men and 82.80% for women.
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Abstract

Thai intonation can be categorized as paralinguistic
information of FO contour of the utterance. There are three
classes of intonation pattern in Thai, the Fall Class, the Rise
Class, and the Convolution Class. This paper presents a
method of intonation pattern recognition of Thai utterance.
Two intonation feature contours, extracted from FO contour,
were proposed. The feature contours were converted to feature
vector to use as input of neural network recognizer. The
recognition results show that an average recognition rate is
63.4% for male speakers and 75.4% for female speakers. The
recognizer can recognize the Fall Class from the others better
than distinguish between the Rise Class and the Convolution
Class.

1. Introduction

Like many languages, the information from FO contour in Thai
speech can be categorized into three types, linguistic,
paralinguistic, and nonlinguistic information. Linguistic
information in Thai is known as 5 lexical tones. Nonlinguistic
information is composed of the factors such as physical and
emotional states of the speaker [1]. Paralinguistic information
represents different types of attitudinal meanings of the
sentence. This type of information can be realized as
intonation in Thai.

There are 3 classes of intonation patterns or tune in Thai
continuous speech [2]. The class that the FO at the beginning
of the utterance is higher than the FO at the end of the
utterance was defined as “the Fall Class” or “the Downdrift”.
This class of intonation pattern is found in utterance types of,
for example, statement, citation form, submissive, concealed
anger, and bored. The next class is “the Rise Class”, which
can be found in sentence modes such as question,
disagreeable, disbelieving, surprised, and unfinished. The last
class, “the Convolution Class”, proposed in [2], has the shape
of FO contour that is the combination of Falls and Rises. This
type of intonation can be found in utterances marked with
emphatic, agreeable, interested, or believing attitudes.

This paper presents a method of extracting feature vectors
from FO contour. These feature vectors were used as input of
neural network to classify the intonation shape of Thai
utterance into three classes as mention above.

2. The Feature Contours

2.1. Feature contours extraction method

In order to extract paralinguistic information from FO contour,
we have to reduce (or eliminate) the effect of linguistic and
nonlinguistic information. First of all, we view FO contour as
the superposition of three components in the same way as the
Fujisaki-model of tonal language. These components are: the
phrase component, which was directly affected by intonation
type. The tone component, which corresponds to lexical tone
type of each syllable. And the Fb, which is a constant for each
speaker. So the mainly feature we have to extract is the phrase
component, which may declines in declarative intonation and
rises in interrogative intonation. The tone component, which
seem to be directly correspond to linguistic information. It
was, however, also affected by intonation type. This is
because the range of FO contour of the same tone is different
in different intonation [2]. So we have to include the feature
that represents the range of tone component but does not
represent the shape of each tone. The Fb, the factor of FO
level, is also another feature that we have to include. This is
because; the level of FO of the utterances may different in
different intonation although the same speaker spoke them.

So we present four steps to extract intonation features
from speech as below:

1. Extract FO contour from the utterance. In this work, we
used PRAAT program (© P.Boersma) to do this task.

2. Apply error correction to FO contour by using median
filtering technique. Then, all unvoiced region in FO contour
will be filled by performing linear interpolation. We call the
contour after passing this process as ‘connected FO’ or CF0, as
can be seen in Figure 1.

3. In order to decompose the phrase component and Fb
from the tone component, we use the technique, which is
similar to the technique that [3] used to separate the accent
component from the phrase component and Fb. That is, filter
the CFO by using FIR low-pass filter to get the slow
movement component, which is the summation of the phrase
component and Fb. In this work, we varied the cutoff
frequency of the filter (LFC Fc) from 0.5 to 3.0 Hz. The
output of low-pass filter was called ‘low frequency contour’ or
LFC. An example of the LFC compare with CF0 is shown in
Figure 2.

4. Then the CFO was subtracted by LFC to get the faster
movement component, ‘high frequency contour’ (HFC),
which is the tone component of FO contour. As mention
above, we do not want to get the shape of FO, which
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corresponds to lexical tone. We just only want to find the

feature that corresponds to the swinging range of the tone 40
component. So the HFC is taken an absolute, then filtered by i
low-pass filter to get contour that is analogous to swinging i N
range of tone component. Cutoff frequency of the filter, 20 i b I
. . . . i
FVC Fc, was varied in the range 0.5 to 2.5 Hz. This contour is _ \ I{f ! [ Y
called ‘FO variation contour’ or FVC, as shown in Figure 3. s 0 | Do AN o
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Figure 2: CFO (dotted) and LFC (solid line) where LFC_Fc =
2.0Hz



2.2. Examples of feature contour in different intonation
class

As shown in Figure 5 — 7, the LFC is falling in the Fall Class,
rising in the Rise Class, and both rising and falling in the
Convolution Class. LFC + FVC and LFC — FVC are close to
the LFC in the Fall Class, but they are far from the LFC in the
Rise and the Convolution Class.
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Figure 5: Example of raw FO contour (dotted) compared with
LFC (middle solid line), LFC + FVC (top solid line), and LFC
— FVC (bottom solid line) of the Fall Class spoken by female
speaker (LFC_Fc =2.0 Hz, FVC _Fc =2.0 Hz)
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Figure 6: Example of raw FO contour (dotted) compared with
LFC (middle solid line), LFC + FVC (top solid line), and LFC
— FVC (bottom solid line) of the Rise Class spoken by female
speaker (LFC_Fc =2.0 Hz, FVC _Fc =2.0 Hz)
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Figure 7: Example of raw FO contour (dotted) compared with
LFC (middle solid line), LFC + FVC (top solid line), and LFC
— FVC (bottom solid line) of the Convolution Class spoken by
female speaker (LFC_Fc =2.0 Hz, FVC_Fc = 2.0 Hz)

3. Experiments

We used 61 sentence scripts from 6 spoken dialogues
that were used in Thai intonation study [4]. There are 6 male
speakers and 6 female speakers speaking these dialogues, so
there are 732 sentences (366 sentences from male speakers
and 366 sentences from female speakers) for our experiments.
We treated the utterance from male and female speakers

separately in all experiments to discard the problem of
frequency scale normalization. Although each sentence script
was labeled by intonation type, some speaker may speak some
sentence with the different intonation from the labeled
intonation type. So we have to do a perception test to
determine the perceived intonation of each sentence.

3.1. Perception experiment

Two listeners were asked to listen to all 732 sentences
randomly for 2 times and label the intonation type of each
sentence. So, each sentence was listened for 4 times. We
found that some sentences were clearly categorized the
intonation type, i.e. it was labeled as the same intonation type
at least 3 times. However, some sentences were ambiguously
classified the intonation type, i.e. they were labeled as the
same intonation type less than 3 times. So we used only the
clearly sentences for the next experiment. We labeled each
clearly sentence as the most frequently intonation type chosen
by listeners. Table 1 lists the number of the clearly sentences
of each intonation type and gender.

Table 1: The number of the sentences that were clearly
classified of each intonation type and gender by listeners

I . Gender
ntonation type
Male Female
The Fall Class 98 106
The Rise Class 91 65
The Convolution Class 79 122

3.2. Automatic recognition experiment

We used three-layer feedforward neural network as a
recognizer. The number of input nodes depended on the
number of dimensions of feature vectors. The feature vectors
were built from the value of LFC and FVC contour at 0%,
25%., 50%, 75%, and 100% time points of the duration of the
contour. So there are 10 input nodes in this experiment. The
number of hidden nodes is 20. Each output node represents
each intonation class, so the number of output nodes is 3.
LFC_Fc was set to 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 Hz. FVC Fc¢
was set to 0.5, 1.0, 1.5, 2.0, and 2.5 Hz. The NNs were trained
and tested for all possible combinations of FVC Fc and
LFC _Fc. Average recognition rate of each combination of
male and female speakers were shown in Table 2 and 3
respectively.

Table 2: Average recognition rates (%) of male speakers of all
possible combination of LFC_Fc and FVC_Fc

LFC_Fc (Hz)
FVC_Fc (Hz) 0.5 1.0 1.5 2.0 2.5 3.0
0.5 56.7 | 549 | 57.5 | 60.1 | 63.4 | 60.1
1.0 61.9 | 57.5 | 60.8 | 60.8 | 60.8 | 59.0
1.5 58.6 | 634 | 623 | 619 | 61.6 | 59.7
2.0 61.6 | 61.6 | 60.1 | 60.1 | 62.7 | 58.6
2.5 623 | 59.7 | 623 | 61.9 | 60.1 | 57.5




Table 3: Average recognition rates (%) of female speakers of
all possible combination of LFC_Fc and FVC_Fc

LFC_Fc (Hz)
FVC_Fc (Hz) 0.5 1.0 1.5 2.0 2.5 3.0
0.5 67.2 | 693 | 703 | 71.3 | 70.0 | 72.0
1.0 679 | 679 | 713 | 713 | 70.0 | 734
1.5 68.6 | 67.6 | 73.4 | 71.0 | 71.7 | 724
2.0 68.6 | 662 | 744 | 754 | 689 | 734
2.5 659 | 67.6 | 71.7 | 73.0 | 72.7 | 72.0

Table 2 and Table 3 show that the average recognition
rates of female speakers are higher than the recognition rate of
male speakers. The value of LFC _Fc and FVC_Fc that yield
the maximum recognition rate are also different between male
and female.

Then, from Table 2 and 3, we picked the combination that
the pair of LFC Fc and the FVC Fc give the maximum
recognition rate. For male, the maximum recognition rate
occurs at LFC Fc = 1.0 Hz, and FVC Fc = 1.5 Hz. For
female, it occurs at LFC Fc = 2.0 Hz, and FVC _Fc = 2.0 Hz.
Confusion matrices of the maximum recognition rate
experiments of male and female speakers were shown in Table
4 and 5, where “F Class” is the Fall class, “R Class” is the
Rise Class, and “C Class” is the Convolution Class.

Table 4: Confusion matrix of the highest recognition rate
of male speakers from Table 2

) Inpuf Recognized intonation class Total
intonation
class FClass | RClass | C Class | utterances
F Class 77.6 12.2 10.2 98
R Class 17.6 56.0 26.4 91
C Class 15.2 30.4 54.4 79
Total 268

Table 5: Confusion matrix of the highest recognition rate of
female speakers from Table 3

) Inpuf Recognized intonation class Total
intonation
class FClass | RClass | C Class | utterances
F Class 88.7 1.9 9.4 106
R Class 15.4 50.8 33.8 65
C Class 9.0 13.9 77.0 122
Total 293

From Table 4 and 5, we found that the recognizers were easy
to distinguish the Fall Class from the other classes. We also
found that the recognizers have a confusion to recognize
between the Rise Class and the Convolution Class.

4. Conclusions

This paper presents a Thai intonation features extracting
method from FO contour. The method uses the fact that there
are three types of information in FO contour of Thai utterance.
Extracting one type of information is to eliminate or reduce
the effect of the other two types. The Thai intonation can be
categorized as paralinguistic information. So we have to
eliminate linguistic and nonlinguistic information. We

proposed a method of eliminating the linguistic information
from FO contour to get the LFC, and the FVC contour. These
contours were used as feature contours to recognize intonation
by neural network. The effect of nonlinguistic function was
reduced by treating speech from male and female speakers
separately. The results show that the maximum recognition
rate of male utterances is 63.4%, which is lower than 75.4% of
female utterances. The recognizers were easy to distinguish
the Fall Class from the other classes, but difficult to recognize
between the Rise Class and the Falling Class.
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