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Abstract

This paper presents an Hidden Markov Model (HMM)-based variable speech rate
Mandarin Chinese text-to-speech (TTS) system. In this system, parameters of
spectrum, fundametal frequency and state duration are generated by a context
dependent HMM (CDHMM) whose model parameters are linear-interpolated from
those of three CDHMMs trained by corpora in three different speech rates (SRs),
i.e. fast, medium and slow. In addition, three decision tree (DT)-based pause break
predictors trained by using the three SR corpora are used to interpolate the
probabilities for inserting pause breaks. The performance of the proposed TTS
system were evaluated by several objective and subjective tests. Experimental
results suggested that coherence between interpolation weights for CDHMMs and
DT-based pasue predictors is crutial for naturalness of the synthesis speech in
variable SR. We believe that the proposed variable speech rate Mandarin Chinese
TTS system is more suitable than conventional fixed SR TTS systems for
applications of human-machine interaction.

Keywords: Text-to-Speech System, Mandarin Prosody, Speech Rate, Break
Prediction
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1.2.1 ?F'[?"l lﬁ’?‘}“ﬁii

VT I?»I TJE?I el F,Jﬂ R BT R S HIRLNEIR I;H@(corpus based)
(Chou et aI 2002) W [Epmh=N T p AfE(HMM- based approach) (Tokuda et al., 2000) Fl‘Jj
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sﬁ,wwﬁ *WmﬂﬁlW#“%QWﬁ'#@MI LRI R £

» PRI FL?’[;IIE' Wy o A T [E'iﬂ ST p#‘jlfbﬂléjﬁ YT Il
ﬁﬁﬁﬁ*“%ﬁﬂf?*%“ P u#*W%%*“%nﬁ%Mﬁ Sy i
R 0 BRI A B Pl 5 WT{#ﬁ EFH O] R I R
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RIS  E f AE R [?ﬁ 1Y AR PR “*E‘\F?ﬁ | RLE TR VR
FRA Jﬁﬁ*ﬂﬂi 4r d/ﬁ@ﬁlﬁg%* it A 481 (Context- dependentHMMs CDHMMs)
AR ESS p?ﬁ:,iérﬁ?‘@ﬂ##ﬁm ui%?[ﬁs’F r‘éu,ﬂqa‘lg”ﬁarﬁfu%%ﬂw (spectral
parameter model) ~ FL#if5LE|(FO parameter model)b?ﬁwﬁ'ﬁ“ (duration model) - FF”,E&;?
?"IE\JT » FH] l—*?”“w;ﬁ = ?E:)}‘;LF' lﬁ%? RN [J?Fifl'igf‘/ FIIFLI I/?%‘i@j;[ﬁr:tlﬁ Uﬁ
‘Fﬁ,' CDHMM T%LF'ij BV oF ﬁ]ﬂzuigj;ﬁi plf # 7 CDHMM % g% % frame
spectrum * frame FO g s ﬁ[’éé}{ﬁ spectrum FI 0 ?Q?ﬁ" MLSA 9% %5 (Mel Log
Spectrum Approximation filter) (Imai, 1983) ﬁh?H VE RS ‘,;F,f] Faki

HEARRAL SR E AT A T 1 %%ﬁ‘%ﬂﬂ“ﬁg%&@%ﬁﬁﬂﬂ
B Y jﬁ(mterpolatlon methods) (Yoshlmura et al., 2000) - ]%fﬁ(adaptation methods)
(Tamura et al., 2001) - “ﬂ?ﬁﬁ PUEAIS RO (T e N R j\ﬁ*‘ﬂfﬁ*}%ﬁ jgﬂ]@;H\EEE'
*ﬂﬁ'luﬂ F'%%I Py U~J7H‘9*ﬁ AP SR R B AR S A T A I*EJDF,%
]ﬂﬁ:
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Wﬁ?‘?}?‘ﬁﬁw BEEIRIL S lﬂi_)jr: AT R =2 @pﬂb Fg;%ﬁ[ Jip> 7 (Yuetal., 2007)
(el (et vﬂﬂ“ﬂﬁi%wﬁ*ﬁ@ﬁ% R A BRI i £
74;’E|ffﬁj‘ 1 ;{fﬁﬁgjﬂ-{[ all F' linear regression ﬂﬁﬁ“}iﬂ}zﬁ‘/ﬁﬁ;ﬁ AN ,Tﬁﬁ;ﬁﬁ
Elﬁ”:‘aiﬁi@ﬁﬁx T ARy e 'F]“fF"f “ﬂé@?ﬁ T E IR R AR
PFHA= %;ﬁwzﬁ?[ [ S P sy J?}ﬁ B j‘%ﬁ?’]ﬁ@ﬁi}ﬁ[’r AL F P AR
%,*Lﬁﬁ?ﬁ?»lfg B TR 1 }{:j"ﬂf‘i*“—ﬂﬁ?zﬂﬁj@%tr;ﬁﬁ BT

o (Li & Zu, 2008) 1~ { i ™l AR OB G - 5 S 28]l
SERI 537 o RS SR ST SRRYRT > — ¥ speech rate (SR) - \_ﬂfuiﬁ‘lﬂ%‘ 2l
ﬁf@ﬁﬁﬁﬁ%(pause duration)pﬁéﬁ?ﬁ u?ﬁ afiEe s bl £ articulation rate (AR) » £ E A7)
A ATIHEE(T & 7 pause duration) » B ERETRI T ERDM [T ¥ 4Rk - 3 AR BIE
134 - 123 - 151 A1 3. HRFIRI T T 1 l@ﬁﬁﬂé‘ﬁﬂﬂ AT T FIRR > IR
(H 5% iy AR~ SR 7 [~ ﬁ%;tmr@ﬂﬁfﬁ% E i ?“'Ehil[}g“g* 3 i silent pause}\_J]E“&\lftﬁJ
TP 1Y /%E%lﬁ“?*tw(FO)]ﬂﬂ = gﬁ:%‘ UIEI%«M%@H dvl F“?”IF PRt iy iy Pl
;Hp S Fﬁﬁ EH A R E dynamic range PSSR J o PR 7 SO
B (ECRLEPR TR B T 0 o BE 5 Taffl 1 5 l‘ﬂﬂ‘%fﬁ“ﬁ AR .
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P (Tseng, 2008) fl1 » AGECE Fi L v gt = %@ﬁsﬁ,?‘ﬁﬂ F[Jﬁ‘-ﬁ#ffﬁ fflr B L [t
AR FH I E H TR P{step-wise regression technique) [ﬁ,E.T??H S = A Iils IR
R VR~ AR AP RAS et RS A 9 pattern > AT I 0 S W
o ﬂ?“%‘nﬂ%#ﬁfwﬂ% SO SR SR T R o f%ﬁﬂliﬁ(
T ol GRETRLRLT - e a@g, [ R lﬂf?ﬁ f
é@f[ Wﬂi@‘“i‘ﬂi" T Hg?lﬂjaﬁﬁ' (I ﬁ*l’??iﬁ“[ é@?{ gﬂf Loy 173
BRI PR B REE]

Y R PR SR SRR R [ [ r’ﬁjéﬁﬁ%’ﬁmﬁ, i - (Yu et
al., 2007) po i Hef o bottom up ﬂﬁj:\yﬂf’f = ﬁ”{ e »:j‘ f[ 'F“*LW‘F’”” ')‘TU?‘
aj“ﬂrﬁ* a2 (Li & Zu, 2008) #I (Tseng, 2008) IJKE‘ gﬂ ?@rﬂjjﬂ '[#ﬂ[ﬁ~
[ top-down 55 #1754 > SRR g b S AR T AT > 1t [ﬁlwﬁ?h%’ﬁ Ve
?BP‘J AT gti@?‘clg,@ﬁﬁ* b [ﬂHIP ¥ g (Chiang et al., 2009) i Eﬂj‘#d[ﬁ bottom-up
P top-down {9534 SR (- ) [l T e & sl "?"ﬂﬁ‘@*' PRI
FIE *Jﬁ?ﬁ'n P r wﬁ COA [ﬂ [y B ’ﬁ%ﬁ%“ *E??ﬁ*] WP > 53 WIS T TRl ,:ﬁi
st P R e P R AL FIFTT Fﬁiﬂ”?‘ﬁﬁi JXE’F J%kﬁ TR uﬂﬁﬁfﬁé‘ﬁi
Fl]‘[fk cll S0 (7 [ﬁ uﬂﬂ?ﬁ 'T‘}H,igfhw VESRE~ (2) T [ﬂ = [ﬁ I/ prosodic phrasing -
(3) PFQ?EEM%IEJ‘MFIJ patterns ~ I'} % (4) break I “,EWJFT;Jh o PP RLTHASES
T W%ﬁ?@@m&tﬁi@ggﬁm;’ éjjyf\ﬁ;ﬁg T @ﬁu ?bl F]»;i,;fgﬁ 1R Ly FIJEJ%}»%

1.3 é%ﬁﬁﬁwﬁ%ﬂ fF[J
FPELN ] HMM-based ?[?”, ﬁ’?‘/%gﬂﬁl@/ rﬁjﬁ@ﬁfllﬂ’ﬂfﬂ"ﬁi?ﬁﬁ E ﬁ'vjcy,g
RO LT BRI e PR AR 1 S AR T e
rg, g e Treebank3 0 (Huang et al., 2000) ff_HI,J/ 348 R o A ;
u]@u ij’]é'ﬁH’gl B IR Hu]@pu HMM-based ?”]F,»?yg( &y Alﬂ,z; b?b[
FﬂJ CDHMMWTW&@ duratlon WJ) o E“ﬁi?” i PRE l»ém &y
I/F ?@?’[ li?ﬁjt" 'JiEHF I&IFﬁJJ H“ﬂfj‘; Elfy IoE:lFIJ ?'[ i#\ﬁ)fﬁ"ﬂ}ﬂjii E[]D | | 23 5( Fl
lﬁl?gj‘?’] R SRR | [E& fﬂ‘é‘h | T p;aq_g/f;g, e ,y&
ﬁﬁﬁﬂ 1% HMM- based TIIIFP[F[E{},% gri/@g %L[IT [ T@ v o ?.,[
Eﬂ I L i i (ORI PG IR 1 HMM-based HF,?”[ (S B ARER T - TUJJ/%E;H
I@ uﬂ?ﬁff#@f’rpjg]t;[[ﬂi

1.4 J& ?ﬂ%?ﬁ;@ R T

‘!p’mhrfrfﬂjpﬁﬁﬁu l;{w[gl , l[* n‘ﬁ;ipn‘/ lﬂ:}'ﬁ?’[ gﬁﬁr -y Hxﬁ [[ﬁu'@,?@ﬂ/:@

A EER w,*l?‘l | 348 fla i fi > HE 480351%?”,1{7 R i e

E}?'WD%L 1A E ARE*‘ SR putﬂ{rj 12.2 47 ﬂqaj,p YEHRGPE TR ST Rl
SR - B TR PR SR ?ﬁﬁﬁrﬁtf 20KHzZ [V > 16-bit

'/ PCM ’r*r‘ S uﬂﬂqﬁi‘l [USREIY 1% Sinica Treebank ﬁ;{w[qajl [EERERTY T 2RI
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FL& G T R S B ““;%[*FU P f e R S ORS T o B ?»[gﬁm
JS‘%U)I@%[? [RLAFieruk (FO)A (i #5- f 1E%El 1 Hidden Markov Model Tool Kit(HTK) (Young
et aI 2006) #1 WaveSurfer (Sjlander & Beskow, 2000) 359 » [‘J&gqﬁﬁ?@ T

- T HEE S il [J(utterance)ﬁ AL 138 & ff HH 10.37 [ﬁJ BRI 80
== 272k ]a‘ij', iy o

SLOW SPEECH FAST SPEECH MEDIAN SFEE_>| Speech signal
" DATABASE =~ DATABASE DATABASE l l
‘ Excitation Specira
parametsr parameter
exiracton extraction
[ I
Excitation parametzr Spectral parameter
Traiming of " Training of context
decision fres for sp | Werd, O3 and segmentation Label dependent HMM
Training part | |
— ________|_____________________
Synthesis part |
¥ v v
Decsontestor| |Dessoniesor Detision ﬁE—fO Contexd dependent ont=t dependent Context dependent
sp (fast) | L_sp(median) splslowj

HMMs {fast) HKMz (median) HKMMz (slow)

r Weight interpolation

\Weight interpolation &

SPEECH RATE i
rediction

y
Texi analysis Labe | Parameter generation
Canstrustion | Label fram HMM
Excitation parameter Spectral parameter
¥ L
TEXT Excitation Synthesis SYNTHESIZED
generation "1 Foter *  SPEECH

PL ST SIFF AL G 0T

1. T /5F a@/ﬁ‘ﬂﬂ f‘dﬁ‘w SRs#ARS

Eﬂﬂ’?li%lﬁj Fast Median Slow
By de?”, ~F]) 0.183 0.241 0.267
SR(syllables/sec) 4.48 3.01 247

SR fiuag Ll gl 0.082 0.040 0.044
AR(syllables/sec) 5.56 4.19 3.79

AR iUl g 0.144 0.070 0.065
FO piv-T 15 (Hz) 201.38 195.88 195.594
FO sl Bl 2489.27 2559.20 2773.37

2. Y F Y FHEY

b F AL 2 A [ﬁgu CDHMM A o H fﬁJ”JU@ﬁG‘} R [?L =51
53 IS 7] IR F17 R CDHMM %pfﬁ?f[ R N I e i/['* °
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2.1 FURCTR e L Y AASLE ?—‘ﬁ i F’*}E‘/ (HMM-based Speech Synthesis)
FHPPR{HIY B~ A~ g (SIL) I S (SP)RURSES = [FASEE[Y HMM LR -
SUTERLE P9 LRSS et 1 19 HMM R > P60 5 fltded | f15% R0 A5 el ol Y
ﬁ’fE’FE'FTJ?E” IR E“ R AV R ?ﬂﬁ LRI R AR FURRY ﬁ@ﬁ‘ﬁr&ﬂ ”/EEFF[
?’,ﬁ! CDHMM #81 2] 1 state duration &F'J

2.1.1 B2 (Spectral and excitation parameter extraction)

L1 CDHMM . ASLisEpy a5 S |t ?,ﬂﬁ&ff’ﬂﬁ“ ' [ H(Mel-generalized cepstrum,
MGC) (Tokuda et al., 1994) *FL#i (FO) - ’?,;ﬁ“w Bk Tt = RHeT A 117&“?%@[ y 2 }H
53-5,?”, ’%EFF%’:EP%I‘ | all pole (y=-1) ~ Cepstrum (y=0) H¥&LI ?,%ﬁ. fiJ pole #{I zeros — ..
(yq& 1,0) » F%nga 2T AT [ﬂ f frequency wrapping > I') 7 [fI &l & 5 VSRS
rii’F‘E’J“Hl » 25 (M ] SPTK (SPTK Working Group, 2009) ! fflifv 24 BE‘?,;;.TF@Q
J FF"'Q\T F% y=0!]% a=0.5" ?ﬁﬁﬁvﬁﬂf} £% 20kHz » A M EIJJJT’TIF"[ HEEL 25ms
(500 |[ai‘£}7b[%!,‘) I ] [fi,] (Hamming window ) - ?’,iﬁfﬂ‘?”tz 5ms (100 |[ai‘£»7HEﬁ) o
PYIE > HEVELEER P M | Wavesurfer E'HIEIU ESPS 3£~V (Sjlander and Beskow,
2000) - 5j ﬁ?ﬁ?ﬁ‘f* - (window size) £% 7.5ms > ?”[ A=+ 72 (window size) £ 5ms o

2.1.2 Y A5 (label)

& A HLH R CDHMM 1 state duration 194 AT ¥ %6 797 115 I #3223

v CDHMM & state duration f5:%] - 75 CDHMM Eﬁ # ﬁf[w A R F‘ S q@ﬁ[%gﬁa
APPSR S o L R AR pu ﬁﬁfrﬁ'%&‘eéﬁﬁ%gﬂ HMM f17: 4 2 iosfi s i g =
S ERGE HMM [ U RlSug Pt - DG SR SE A F'JF" P %

B ARG - 4 jﬁ]gﬁ B PRI 2

22 L IHIBFS 24

Previous(PRE)/current(CUR)/following(FOL)

Pn-1: Pn: Pnet Initial/Final/SP
ST_1,ST,STh1 Lexical tones of PRE/CUR/FOL syllable
PW, / PW, Syllable position in a lexical word (LW) (forward/backward)
PS, /PS, Syllable position in a sentence (forward/backward)
PM Punctuation mark after the current syllable
Lengths of PRE-PRE/PRE/CUR/FOL/FOL-FOL LWs in

WLn_2,WLn_1, WLy, WLy 1, WL, syllable

WP, _p,WP,_;, WP, WP, 1, WP,,, POSs of PRE-PRE/PRE/CUR/FOL/FOL-FOL LWs

SLh_1,SL,, Shha Lengths of PRE/CUR/FOL sentences in syllable
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plLe =y ]’FEI}{EJ’EFEI;?”I R 5 HMM F,aan?wﬂﬁ R IERL T R A i
e iﬂ?@?ﬁ PIRESERET ol 1 BT A4 25ms 56 FOop > AT ] 7[:?[@1 Hi
bﬁAﬁ‘?@?’ »h ivﬁﬁﬁlrﬁﬂ%% [iﬁ”;WEg[j‘JJ‘j? EFUT [ﬂ@q@ﬁljﬁ;ﬂ%m 19 AT

2.1.3 [ E T A E V2R

YRR Y ?’TVFE'EJE’@' i % o AR AL COHMM » % 2'3aH 1

S RLPOTRI S 2R 519 CDHMM ?”m%}ﬂé%@ Do R uﬁ'ﬁjrﬁj Hhuyes

TEEAIEL PR Coverfitting) > [NI=4 PUA L MY Tree-based CDHMM a”vwmi

(Zen et al., 2007; Yoshimura, 2002) » I ‘H& Wf’ﬁﬁ IJF TRE & e ST P @’J‘J%%%’

OIS L BB R VIR R - tﬂ‘”i’ BT Bk J/B VLTI - SRR

SRR ER] p#‘rﬁ”ﬁ R (AR o &F[’?&Eﬁ i Y AR NEHORTE

J]*'%[JF R 5L COHMM flygg » S50y & BREPT | g2 1) 1

FE & proffes

S NS M R R RS IR PR R B SRR RN
Fildh el -

v BRI SR e TR SRR VR I (0 A B O A
@?‘J‘Jﬁq%@(H)?@%@' v @ﬂ[[’“@?‘flﬁq%@ %ﬁﬂﬂﬁ DRI B FOVDRY I'Sﬁ(L)
I,ZE:I IE ,

+ F ;a&ff&ﬁ ’TTfr&ﬂJﬁwﬂ[ﬁﬂJ'* N2 R R A IR O RO
P ERIIEE DR AR riﬂpﬁ& I u‘% iﬂ AHEPHGE

S HRIR R IR SR T 46 KT Hﬂ AT T
WS GG 2SR -

< 5 gﬁﬁr}f{ W’?,ipj R A= pJHr NSE F;Iﬁ“%%g“#hiﬁ[iﬂj# Rall: HJW | [
T%JLE”FF IREE '%'ri?ﬁ%“ LT ﬂJF,ﬁy HJF_fl . IJW/'E.\_"Z AN (=

R 8 A zﬁ@mm%r%tgurﬁj '“éilwlZlOO CESTE

-

2.2 FURTHOY mf i

[T RO 2P PR K (3 CDHMM 5 [E52Rf »  2 5  o fa =va
*H\“ ST EBILE] 17 R AT 25ms R (o ), i g Jy%(state duration )
i v i Tree-based DHMM S T O HRTAI  O R E
Eﬂj BT A U BT O IR A U - )
hﬁ? T fﬂu [ﬁﬁi H’EJ lg”“wﬂfﬁ?ﬁ (RO RTASLE o | RS 51;5?”[ Iﬁfaiﬂ ?g;‘?”l f
UNNRIE lﬁu ,Hfﬁ?ﬁ fROEIA R 9@%‘[%@: Tl Jﬁ?ﬁ (R F[ gD [ IR 7H
’H@ﬂb ;“; A ]ﬁ?ﬁ @*Egugu%a“ . ,%Eﬂﬁﬂﬂ%ﬁﬂﬁ‘%ﬂwlﬁﬁiﬁ
i B e B R
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I%Flll\ilﬁii%ﬁﬁfﬁfﬁu[&: ALEES o FIHPMEE [ AEP RS S A PEET
IFIRF ™ 1 ORI E LY -
AP U AR Y IO TR O o (SR AL PR T
T R P R qwujgﬂ%/pﬁ”;w CDHMM gudx AR A HTHIER B
A I R ik S I HRFRTY ST R maximum information gain -

3. ”F'ﬁd} & s:ﬂ:tnf,?, TR

3.1 Text Analysis

J 55 r(Text analysis)fl- ¥ S iEi f[ FARPUBY- G [HRRPURSIEE F PR L R
ftMFﬁﬂthE[ B GF uf:F]HfJI*J“B;apJHW SrgE Ak o [E T 2000 ?F*él » A7 conditional
random field (CRF) %3 (Lafferty et al., 2001) BLfel, » =& Hpffi 7| riE"ZﬁEﬁE,in’Hf
u‘< ﬁﬁ K > ?B?&ﬁf{fﬁﬁhﬁfﬂ HINE RS B PR E =0 Eb - (Jiang et al., 2006) © R »

‘ﬁﬁﬁl Text analysis [V ~ base-phrase chunker bﬂzfp)[@jc'f 73 > [fRLER] CRF py
R TR o B ERRRE YN W 2 o L C[JFA' 1”(1) symbol normalization - (2) word
segmentation -~ (3) POS(part-of-speech) tagger -~ (4) Word construction ~ (5) base-phrase chunker
%> (6) grapheme to phone ﬁ(g;} °

Character sequence

Symbol
Normalization

Character sequence l L

Word Segmentation fe—— System Lexicon

Top-N Candidates of word sequencei L Words/POSs

POS Tagger -

Words/POSs sequence 4}

Word construction
Word construction Rules

Words/POSs sequencei L

Base-Phrase
Chunker

Word/POS Sequence
with base-phrase tagging
‘ Grapheme to phone

Pronunciation dictionary

(‘

Word/POS Sequence with base- phrase tagging, and phonetic/phonological label

fif'2. Text analysis 2 2% 7 44 -
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Symbol normalization : 7% IFL“‘?EHI}{%g?‘ ‘[fJiJ"F[w[IE ASCII Elfﬁﬁ[fj} > folfEifgath BIGS »
H 7+ » F L AR FTHERL Y il TR - 7S O T B R
MIHP%F&H%
Word segmentation : fli5+ (1 2 ﬁlygéjifﬂ? TR ZS {4 ?E;{fj’%jp‘n‘ﬂ ZESIRERS
PRI TRIVAR PR e AL CRET S - [ A7l input feature:
Eijﬁlﬁlﬁiﬁ'@t’bjﬁf[ﬁb—l flufgs. 1 {B1,B2,B3, M, E, S} El{[1B1-B2-B3}
HIF= P:j ik S — [ﬁﬁpjﬁrf = m‘fﬁl s M Ix%r,:g AR BT T 1 (Y B
B > B PSERATACGE S > S PRRFITE > PGS "] user define 19t
0 i
POS tagger : #|*'] CRF I'J 5 ~ gjaj;%m%ﬁﬁifm POS £% input feature > i fﬁ,@ (it B
[y POS -
Word construction : Jii?r AEZG A AN }{ﬁj’ Hﬁ%—ﬁgﬁ@ P RR ! s e A g
POS Fidi N e A RIS R AR UR STl By R B R~ B
Base-Phrase chunker : Iilﬁf *&Iwﬁﬂjﬂj'ﬁ*’%l"[fﬁjﬁlsz‘:pa '} CRF - Efibtu A
R SRS 03 VP G - NP R - GP e
i~ PP o fi GHGHGE > APIADVP : 3% it F,[Jﬁﬁm
Grapheme to phone : P58 5 53 Frifgpofed i — % SRR g ipomll - i = ﬂ
PR A A R A IO PR R R
@Eﬁﬁw@%}ﬁo

. 3 £% word segmentation ~ POS tagging I} % base-phrase chunker }f‘”;ﬁtﬁﬂ?:“ [’Fr, » HHf

jF=n *IEJ?E TEV 53 VRN A 3 - pOIER e kAT ORISR > A TS
T’Tﬁfﬁ‘*ﬁ < TR

Z 3. VAT

H g Eﬁ'&%ﬁ?ﬂé‘l accuracy  precision recall FB1
Word segmentation Bakeoff-2004 98.30 95.95 96.79 96.37
. 1 Pk
POS taggin Fo—un 94.73 94.73 94.73 94.73
BN R
Base-phrase FI Pk sinica
chunker treebank3.0 93.16 92.18 92.27 92.22

3.2 Weight Interpolation

B

mwg,%QW@gwgﬁ«uiﬁv%@g@%%ﬁﬁﬁﬁ’ﬁ@wﬁ%@rgﬁﬁ

hmn SN

*Dis‘é

LA o kAR~ A SRR

: ?IJFl HORET ”JH?’I ATTRL 5 A FRORT e - AR E @WEI‘J%E%
FH R o ST lrl@ﬁ UHGHITE (S A - TR R
B



30 TR 5

ﬁl*é’éjﬁgpfj%jx [’@ﬁﬁp ) I)g?”%ﬁrﬁ@g[ y{@ﬁ;fﬁ @.ﬁ‘gpfjg IFISJ » (/[m Gl

* 3
Spn =2arg ns]f?x 2 Wi xR (spy | Ly) 1)
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FIfR spy € AL JH IR} RS 0 AR O I Ly
et B(spy | L, )ﬂ@ghdxﬁ@uwﬁ@* (Ly) A= ’?‘/?%‘ﬁﬁfﬁf&&% % Hﬁ i fﬁ'?ﬁﬁﬂﬁ%
L SR 5&’!‘* (leaf node) i FOpAIZHE (RCETE S = fifi o
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R Jlﬁﬁlﬁf%w;‘@ﬁ; RO - )T R “*é?%ﬂzﬁ_ IRER Y
g™ = (Yoshimura et al., 2000; Iwano et al., 2002)

3
=28 X P @)
i=1
3 2
U= _Zlai X Ui (3)

LUf1i #5 CDHMM MR index(i=1 ¢ 18> i=2 ¢ [l1 > i=3 1 ) 5 @ k3571 fi# COHMM 2
RIFUREE ffi > p % Uj 53 1[5 CDHMM state [/ mean vector » covariance matrix
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3.3 Label Construction

,F‘,Fﬁlai;pazvaqi HI 4 3 > [t HE SR ﬁ@ﬁlﬁ}%ﬂjgﬁ?l S P FJ' jﬁ
F@'jﬁ li’i_gﬁ\ W’?ﬁgl]ﬁ[ l/?a?»jg'[ @E_E Tyt Y A A% (label) » f#&AE F pY label & J'F F/g,;g/
SBR[ S T TR S

3.4 Parameter Generation from HMM

7 label construction #/ R & %+ ¥ 4425 (label) » (R A7 [H] =2 E@%iﬁ;‘f
CDHMM #£.%] - state duration f£.%] % CDHMM L% 25 > [hid 4 ﬁlrﬁ%ﬁﬁﬁﬁ%“u;ﬁ
EF”’F?JI’J RS guﬁ,Hu; RS s JW?% IR > F Y] maximum likelihood
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i (Tokudaetal., 2000) % * & ffi'; fZ{1 logF0 » MGC %E%‘ifé’rc

3.5 Excitation Generation and Synthesis Filter
}{—J - H‘@TU]EIJJH?WE ' logF0 #I MGC i“g% a@rﬁ?‘ = MSLA filter (Mel-Log
Spectrum Approximation filter) (Imai, 1983) % * Fﬁﬁ‘/uf,f{ °
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H PR T £ 0 (g B i - 4 K G PRSP B R -
7 T Bl s X X* ) LE
e P i
L2 Inside Outside
Non-SP* SP* Total Non-SP* SpP* Total
Non-SP 90.05 9.95 28108 Non-SP 89.66 10.34 1885
SP 30.19 69.81 20486 SP 33.57 66.43 1415
I Inside Outside
Non-SP* Sp* Total Non-SP* Sp* Total
Non-SP 92.77 7.23 29119 Non-SP 91.55 8.45 1977
SP 37.81 62.19 19314 SP 39.61 60.39 1323
TR Inside Outside
Non-SP* Sp* Total Non-SP* Sp* Total
Non-SP  96.34 3.66 35380 Non-SP  94.83 5.17 2496

SP 49.5 50.5 11613 SP 52.74 47.26 804
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