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Model based Stress Decision Method
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Abstract

This paper proposes an effective decision method focused on evaluating the “stress
position”. Conventional methods usually extract the acoustic parameters and compare
them to references in absolute scale, adversely producing unstable results as testing
conditions change. To cope with environmental dependency, the proposed method is
designed to be model-based and determines the stressed interval by making relative
comparison over candidates. The stressed/unstressed models are then induced from
normal phone models by adaptive training. The experimental results indicate that the
proposed method is promising, and that it is useful for automatic detection of stress
positions. The results also show that generating the stressed/unstressed model by
adaptive training is effective.

Keywords: Stress, model-based, adaptive training, stressed/unstressed model,
speech recognition
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o] A&HT A2l
2 =BdMe I €59 AL Bk glo T2 227t HEe FA(stress)s) HA
AEo2 WA AT S ARG FA PR AAEI] 4T J1E] W
= A, A 2& FA 47 BdE F2 5F AEE BY, FEII o8 7
He vwste FHE A AT o] E PR FHA ke EE 874 FY
of W2t Hwol AA E}AE dHE Zen & =AM AYdsts e FR 2
of g ¥ vng T AFL AEFER oF BHE IEL + ot
2 =82 053 2o FAEY A4, IFdAME 71E9 BdA 2AHEs 24
< AH3a o] BAY 7 e A 8 WY 2AE ANSH. MAAAME ZA/
A 2de FH87] A8 AHE¥E Bayesian A3 71WE& 28t IVEAME ALt
e AAE dEdn. VRN E 48 71He A% A5E A% A 8 A¥e
Holz, Mg WHY ZA ¥4 45 2487 22 A vpAgez VIFIA
AES 91 FF A7 ¥ Y& =984,

&

@ oE RN X mlm

II &4 A7)

BeolA FAE AHHo2 WA (pitch), & A7), AEAF 59 g2lo] AAH
23z JehlA doh ZA7E e FdAME 27 21, 47171 29, A7)0 4
oARTH3] ZAA FHg AESI] AT dye= °]9’r 2 ¥ Adg 44 HE
o 71E e HuE B A FTY ARE BEse Pyl dwrHe|d{2] A
W e 2 o]$2 Y ZA BA 01‘2'1?’5 I Uk

ARAZ 2+ %4 AAY A3 o golnt. & §¥Y AAEL A ol o
Yz, st gg 37 5o gt 93X gEclnE o8 &4 d92 ALEE) 99
Ae AAsA At dygste Algslodol gt AT o3t SF AAE 9 Wo
g A3y YR ¥ E=F dAHINA %] Wi FAstel ool An, JYHA
v o g Alg-EE Zo] dwrAolth Xy EWE(Formant)d 2%, 384 A& (Speaker
Adaptation)?} ¥ wWHez AX AHF3H(Vocal Tract Normalization)$} 2-& Hge] AL&
HA g, olE 3atel tid o HEo &4 dHolH WX ALY HEE I lojof ¥
oH4].

EAE ZA BAe 2@ AVAHI 71ERE HANII PETUE Holdh gurHd
24 BAH WUYdMeE 28 2% AHEELE 53 AN AYDOTW, Dynamic Time
Warping)# 22 wiX whgol o) wimgte A4sA Hm, o vimgte 43T NE @&
o wat ZAe #FE BosA "o B AgHE 71-v-§k° kel dolEe] i
AR AAsA Hed, #40 gy 3% A5 go] Welrt A, 1 ¢F
A3 AdoE FEsA ¥onz 7|Ege] AdHA viast ofHA ot o ¥
< A A BAH E Fhairt He, A0 wgt BAAF A5 S #A T
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ollol = ulmgtel 4t&el AMEEE FA AT AU FAR, ANTHS
AFstn AEsA S22 BA g 847 HE A& 7)) g ngr} o] Foix
A %E 9dg Bl

E— EFdAE 2d 7wty Hrb e =98t A 71Egde 9§ sdo] of

Hol gt AdiA vg F8 ZA AXE AA A o 7 BEo] disfA
7&**1% Zte A9 %A ¥& A9 g 44 5S¢ 24E B8, o]E9 ZFl
% g Abde wE AUHQ vmgkdl 93 ZA AAE BRA”G AA/MZA 2
of he 2dg FHEY MM ZAE AT A4 dsl FED dlelHuMe| 28
Z3le Aol 8FHE, ol 2AY dHolgHulo]2E FE3 THIE AL YE Yo
o2 ® =RdM: S FH(adaptive training) 71W S E3 HE& 49 Holgulojaz
FE 7&*3]/‘*17“1] 2ol W % 2dg =i WuA g

III. Bayesian &% 71

&4 Ao AHLFHolTd &3 Tdol I ALAH #E(a prior probability) X
NRgezN B A F& A FF T HeHol, HFY Y 24 A
QA EL FHA7IE Fd 7Ye Dt B =#9AME Bayesian &7 3l
AA 38 4528 ¥EE MAP(maximum a posteriori) & E3 oAl &&% EX HMM I}
gole e Hg FAWYE AHEstaA 6]

NS Ael(state) +& Z+E o|iH(discrete) & ¥ X HMM(Hidden Markov Model)
o setulel WEE A=(x, A, B)a&t & 0 7 selvesl EYolgtz /YA, Hetn
B Ao dE Abd 3 9xE o5 o] & § gt

£

g =g(n) - g(A) - g(B) (31)
stetele HElge] Z dol W& EHAE JHAER, 4 SAeuEd] dE #E =&

Dirichlet X & 2tA =3, AlH &8 U5 g oS3 Zo] 83 beta 8 Y= g
o B3 Jegrt gk

sn=k M(x17 (Haz™d-(fow) (32)

AN K= BFE AFOIL, nnpva & $E UE G+ EDS 9 FetviEolc
B2 0 o 2% AW BE UE N TT S W, AH E USE THY HMM
setolel 2ol e MAP dl2e og Az go.

Auap= BT P(dg(D) (33)
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4] (3.3)2 EM(Expectation Maximization) €18 EE ZHE39 Fojnd z menge
tg3 Zo] =& F gl

ni= gt j=1,2,..,N (3.4)
S(et n-D)

am—it Tl 9 N 35)
(Cii+77u 1)

7;,-,e=——di”——+—5£1— i=1,2,...N, k=1,2,....K (36)

gl(d;‘k+ vie—1)

71X e, ¢ dp T T ST #Zrh

e;= Pr(s;=1dx,4) 37
ci= gl Pri(s,=1i, 51 =1x,4) 3.8)
du= 2, Pr(sy=J, 2~ vilx, A) (3.9)

s)E A7t MY AHE 2y, g~y e BE HE g0 28 AE 9 eE
o} ] g},

2] (33)e] 93 HMM #etuigl & o &37] AsiAe Abd &8 2% &5 )8 &
dg B0 E g7 0,8 Zoldle o] Badth o] stold FHulEe F A Wy
oz 28 4 gy R WAL % 2o d A FEL A& 5 ' 4H TR
of W HMM Hein|ejEe] H7, 240 e FARZRE 4 W@yoith )@
Ue 7 stay o8 @40 dd HMM Heue & 242 st xn J& W fEs F
HAE 2 £ 2dd 2L 7 3x & #70] B HolEHuolAg2 Fuy =Y
ZRE Pt Pyelt. &, ¥ &3 vojguoj2e digk HMM #Hev|g & o &3}
t JAHNAN AEHE C, Ty, i 4 Y 999 ¥4 token 2 UFE # 1€
gt gtols HevE g, 90,2 T AL TTHE]

B =8dAMEs Fx9 B9S Y9std, ZAE n2dA ¥ 4 RI2EEH oy
SeugE Faa, ol& VWe s FAE 1T £F9 $4 dHolgu2AE
A/ A Z&o dis HMM 2d& fr=stqth
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IV. ZA/M73A 24 o] &3 A #AY

2 =RdA Adste B2 ZA7E n2E S4 dolHuol st FEA #e5& 7t

Agh A, ZA7 neisHA G2 duk $4 dHelHuolAz R A 5Y §4
o] 7ted g4 EdE AT ZAZE neld &4 dolEdelxE Y wId
el A7 BAE Lg Abdo] AFTEHA €4 F, FAV BEE e a2¥x ¥
E&o] FEH Utk ZAZE e &4 doleiHe]29 373 oA A7) Bayesian
S71g o] &35t ZAZ wdd &4 RdE AT A SEHA AL 5 B
o AR g8 45 e dag stoly etnee ojdd FAHA ZFAE nA
B 24 ELEERE doj HFHoz 2 B dEA FAMZA By 2F =
4g A g4
ADAPTIVE
~— | TRAINING
Basic Phone Model * Stress Sgﬁgiéu[\?zf;s
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a9 1L HE T wEdl 9% BAMZA 2E A4

T A7 AT ASAG DA 5F golt Bl AFste Be
geolnz, 4§47 oj® Wee ¥ A v & F Utk AEAT FoIR
37, o8 B sl wolel AIFHE J1B $AEE FHE AR

o gHel A Ege sy TgA sel, F 285 ANHE Fu
dth 98 $4AE0 2 Fr §29e $eAoE Ht HMMEYS 98
Viterbi G4 o] §3te] 2 Frol tig FB ¢ AUV iAW BE F FoIA A
gol Aigshe ¥R g2de) 2 49 FA AN W 4F 34 A5 24 A
g Ay
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V.48 # 4%

Fol 25 A BIHE AAMME do 59 wolEMelAst Basty, Age] o
oA @ol & A¥ole KAISTAA A= @d50] $4 doleulo]29] PBW4S2 dolE
€ AR 4 S 59 S 2d v|we] 1Y dol Q718 A, HEER
B Aeg BAFA0 A A A H2EE APA & =F8Y 4¥9 71¥o|
€ 34 59 1 2o A7 7AEFH 45 E 1% 2o
HE ¥4 7199 45e ATV A%t BE3 2ol Id Yoz 2yg ¥R
o HEAIE gAE 718 A 5Y 2Y FHA FHEA gL stREA PBWI
dolele ¥ &, PBW2 o8] F 100€°]& U4 H2Ed] AM&3AT

3
2

D SIL: 34 EY=d (1089 4520%0])

2) SI2: HAE 39 HolHE L 4 EYRY (10% 452020 +15 45299])
3) SD: SIIg %7) 292, H2AE 37 dolHz FAS A TE2Y (19 45280
4) SA: SII2HEH HAE A2 H$FA (19 45299)

E 1 33 5Y 1y Dol d47](5]

o § 4 100%ko]

HMM 24 4570 &4 Bdd, Left-to-Right 24, 34t o]4 &85 &

EAR F& 16 kHz, 16 bit &8, MFCC(Mel Frequency Cepstral Coefficients)2
HE 3839 £ dE

WE A3t LBG ¢undF, 25647 =R

4 343 Baum-Welch ¢ 18 &

a4 43 Viterbi 529

dojgulolx FAH-10%9 A4 FA7 &I F 452099

A4 E A - FA #HostA] @& 5% AU FAUF & F 50089
92.60%

E2 %4 4% 49

*d ¥y SIt SI2 SD SA .
A4 E(%) 88.50 93.00 83.25 95.00

X 29 AY A#9t Zo] 3 HLE AHE W B5.00%2 A 4Tl M F2
o2 vetgd. SDY A%, HE 5Y BdE 7] BU2 ALddoy SDEY ¥
A dolgyolart FEEA E32Z 3 EY 2ZY(SI, SI2)EY A4 Ao ¥
3 A3EHEe oz dudt. A4y ARZRE & AYAA AMEse Heridel &%
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HolH2RH 54 &7 & FHsdq 94 g FI7e 45e 7HHE 45
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g AR HEAWE Agse FAMBA §2 DS A4AWE HHo| BREe
¥Eahe Aoln

BAMBA g2 RAE EAsI] ANt A Bolzt 84 dolEst Wast
g2 B9 A A JH5® wolEs @Fo) &4 dolHuolsolnE FAI o7
@20 ¢4 dolHE YI= ARk BFole) Fo B T}, o/, of, 2,
o, o7k R FoiTt % 2149 384 wol AEE FASL, A 8YolA o) Toin}
o Zzte] gel FAE Wol WEHES el F 5048X3x2)A HIHE +UHR
o o] FolA 6%l Wew e WolE AA/MAH Bl AS Fdd AL
Yolx 2@e] w8¥ 126709 wol FM Fo Bgwo] Eoizt 987he) wolz FA B
4 4gssh. |

£ 3 24 2d HE FAE AT 2o AE

oS¢, Hetn, olzol, $UH, v, olfol, $Fo|, $obg, ol A, AZS, YA,
o) g3, WA, Lokel, APE, WAL, IAY, o}E, TR, =¥}, 7B E

HE FY 2H F8 2Eo] tisM ZAZA RS 44 dg F AU FA 7
AYL QAR e dojol HFEe TF AL 74 FHA FA Bdol BEoUtRE
3Me FRE FAET A& Fol, “FLlPE ¥ ZAE Hrstna @ dee
‘ol ZA Ed, yrix] “F7, “grolE uAA 2dg ALY TIAEE A WA Ty,
CFroRk A B2dE HEH F oHA FR, 2T A 2dE HEFE A dA 25
AARE TSt 4 S0l WA Viterbi F4& T3 Hd FEU4S 47 v
ANE GEY M FolA HAAG S e FH AZae A 2l AAE 23T F
Ao AAE dRdHed O dse B 49 £

E 4 7FA/MZA BdE o] §F A B#AH 49

HAE HojH Fdo| ¥3€ dolg Fdo] ¥33A &L "oy
A 2R 4TE (%) 95.37 76.53

Akst BPog FAH AAE BAY A 7653% AFES AW WE ZA 99X
A% BRZY 7hsAE Hole AFo|A, HE2UNE 5L dAE L Add ¥ A
A Eite oFE v ol A4Zs B 4 dd. $4 ZFAE ZE A (suprasegmentals)
A sutzA B dHdA 4 ZA e 2ol sty 2AS pRezE 83
HgErizt P& Ao wddct & Eg¥ olle AAHT & S2d AA dAHY
qEol oled JFEE EHXHoZ w3 Folof ke HoAM FAVE AU Rez
Azrdch A #BA Add "oHEE 4% B dF FSojy HFol Fojt FEo
A LdgEo A $HT 2 ARV EEHT A7 dEd, A Add glol F
asfof & FEolrh T, AYo] ALEET A oyl AdYHez HEHAA Yojoln



56 LAE 278 A43 (2000.12)

SﬂX]L‘— dAstn HM“J AANAY, A& 71207 AAH
32 dolB g0l BAHNTY. o] T HolHEL X T B
AT ¥ 24 Adsted Lt HAY Aoz dddd. o &
APE FF go] 239 oMo 2E ALY ¢ XPﬂ—Ei—fir ZA BEE gt
Hoz o] 75 Ao HY. :

2 AYE B, ZAMZA 22 FA #Fo] 7teEe 8#YT F UANZ, HE
Td 71ME o8t FEA:ET dolHlo|AZRE FA/MZA RS THEo |
Aol AFAYE & F AN ALY WP FR FA &S Ao A A
gEgoz Hriste AAolmE, $TF AEE ]8T EFE HdFHe] WYL FHA FA
date 7]EY Wol A, ALE A0 me BT 4% e Hole die B
U& Aoz BuwET

e eor
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Vi.d &

2 =fdAE 718 24 B84 BEY @l IESY] AN ZA/ERA 2de
°l%3}°1 ZAe ANe AR PEE AL 4 A 7653%) AA B 4
FTES AU ol AL Wol AT FAM BAH WULE olf JIAHE BRoFE 2
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