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A HSMM-based Mandarin Speech Synthesizer Based
on Hierarchical Prosody Model

Student : Wen-Liang Wu Advisor : Dr. Sin-Horng Chen

Institute of Communication Engineering
National Chiao Tung University

Abstract

In this thesis, we introduce the hierarchical prosody model to further improve the
HMM-based synthesis system performance. First;.we apply two types of prosodic tags, prosodic
breaks and prosody states, to the spectral model training process. In the process of decision tree
clustering, we replace the high-level linguistic features with the middle-level prosodic tags to
cluster context dependent model. For the prosodic tags-labeling, we consider not only linguistic
features but also acoustic features. We suggest it lbe more related to spectrum than considering
linguistic features only. The experiment confirms that our proposed method is better than the
conventional method considering linguistic features only in the clustering process.

Second, in the synthesis stage, there is no way to label the prosodic tags of the text with the
prosody model owing to the lack of acoustic features. As a result, we propose the conditional
random fields(CRFs) method to estimate two types of prosodic tags according to the input text
information. Because during the CRF model training process, it considers all the observation
sequences and the neighboring output states, it is contributive to estimate the time-dependent
parameter. The results of experiment show the transition of prosody states matches the

corresponding prosodic breaks.



Last, we build our proposed complete synthesis system by combining the training spectral
model, the prosody model and the estimating prosodic tags, which has the advantage of prosodic
diversity. Nevertheless, it is still not good enough for the prosodic break prediction. The prediction
results degrade the naturalness of synthesis speech, thus improving the prosodic break prediction

will be the future work.
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2.1 = Apm F R

level

ID

Description

Syllable
level

Pr_Phn

-Cur_Phn
+Fol_Phn
APhn_in_Syl
=Pr_Tone
@Cur_Tone
#Fol_Tone

&F Syl _in_SubWrd
|B_Syl_in_SubWrd
/p:F_Syl_in_Wrd
/9:B_Syl in_Wrd

Previous phone(Initial/Final)

Current phone(Initial/Final)

Following phone(Initial/Final)

Phone position in a syllable

Lexical tone of previous syllable

Lexical tone of current syllable

Lexical tone of following syllable

Syllable position in a sub-lexical word (SLW) (forward)
Syllable position in a SLW (backward)

Syllable position in a lexical word (LW) (forward)
Syllable position in.a LW (backward)

Word
level

/a:Pre3POS_SWL

/b:Pre2POS_SWL
/c:PrelPOS_SWL
/d:CurPOS_SWL
le:Fol1lPOS_SWL
/f:Fol2POS_SWL
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/A:Pre3POS_WL

/B:Pre2POS_WL
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/D:CurPOS_WL
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47-type POS/word length (WL) of previous-previous-previous
SLW

47-type POS/WL of previous-previous SLW

47-type POS/WL of previous SLW

47-type POS/WL of current SLW

47-type POS/WL of following SLW
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47-type POS/WL of following-following-following SLW
47-type POS/word length (WL) of previous-previous-previous
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47-type POS/WL of previous-previous LW

47-type POS/WL of previous LW

47-type POS/WL of current LW

47-type POS/WL of following LW

47-type POS/WL of following-following LW
47-type POS/WL of following-following- following LW

Phrase
level

/H:F_Syl in_Ph
/I:B_Syl _in_Ph
/J:CurPhType_PhL
/K:FolPhType_PhL

Syllable position in a syntactic phrase (forward)
Syllable position in a syntactic phrase (backward)
Syntactic phrase type/length of current phrase
Syntactic phrase type/length of the following phrase

Sentence
level

/L:Pr_PM
IM:Fol_PM
IN:F_Syl _in_Snt
/O:B_Syl_in_Snt
/P:CurSntL

PM type preceding current syllable

PM type following current syllable
Syllable position in a sentence (forward)
Syllable position in a sentence (backward)

Current sentence length in syllable
9
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4. o+ K =t (Sentence level) :
E 4
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fifthg s MRk £ E R AT E S § B Sodie(mgeHIfO) 2 pe A B 2 YOIE R Sl X E
BLF Sl %o SRS 0 B B Muengh J 03] 5 4 (State-based) 19 & 2R 5 £ 4P bk
975 7 & Bl o i 7 K A A (Tree splitting) » "3 & 7 7 20 2 "% 4p B - 4)
(Context-dependent model) o ¥ — = & » ruzir 48 L ordk 12 TR Y 2 3 dp AR 2

FPEFAFE 2V RER AR B R AR TR L S IR AR FT e R

EAMETSY T LB A A REYER  F- R ek FASECFANEL
A FHERFET TS L FRIRS IR E R R R A T T S ER AL E
*

%‘;’% N "51 Eﬁﬁfg‘]j—.‘?’ﬁﬁifﬂ 25 0 B a}evM),nsﬁmﬁFI ﬁ:ﬂﬁ "51 ?r'% r’EL"E"ﬁ ;f“'% E

e

E I

-2 FEEFT T AL AR TE A KA HSMM ¢ PeiE £ 2 H R g S0 c

#5EHMM B35 F- 25 0 EAL BRI LR HHL e d £ HMM A7 iR 5
B35 & eyt f 45 5 pF P (State duration) 43 AF 3 HMM 5 782k (5 F F PR v 8% S0 A

AFE RS RHEHLEAE 3 EF 3T B £ BB RS & A4 ¢ (Syllable pitch
contour, FO) » 5 f§ ¥ #& 4% {5 ¥ 17 )% 5L (Excitation) » % &4 3% 282 g AL 7 &

MLSA & & B & 3354 -
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Prosody
model

0

Text

}

Prosod
Tag y « | Text
Estimator analyzer
\
Label
i Prosodytag | ¢
Prosody Mod_el
generator selection
\
Syllable duration
¢ Y 4
Svllable pitch State Parameter
v ante p;c » duration » generation
contour prediction from HMM
reconstruction ‘
‘ Spectral prarmeter
v
Excitation .
generation | Excitation parameter > MLSA filter

Fl 25555 & i 1

iy
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=R NI PERIE A#2Z HSMM

A L RFE L erde 2 ¢ 2 R R [7]) R A# I B k2 oI ik
e FTe R HSMM = 3.1 & 52 ¥ 2 383 2 FE & SR RS 32 8 4 ¢+ fhEheal s

33 & A5 A%~ I HSMM S AR 5 3.4 & RIS~ Jp 2 fhierad = 2 HOA g 5 4 47 o

31 P *FIMAESREER

Bt ME T 25 [13) ¢ 2 33 it SHd Fe A 3% 3R 7 H(Hierarchical structure)
oA BT AIPEEED RK LKA B G F & (Syllable, SYL) ~ 3 %37 (Prosodic Word,
PW) ~ 3§ & &:% (Prosodic Phrase, PPh) 2 3% 34 <&:% (Intonation Phrase, IP) - #]¥ = - 3 & - B
Fefrtt wB AR ORI AL ompEFE IR EAFTRIINE > D EARAY
By SRR A (F8) 0 BPR EEREFENRE TARL G AR LR PRED
FEE o REPRAY B3 S8 R annes i F o2 S FL L 8 7 AR > Ft R
BHRL- BHEIHAEEER Al - RS Bt ed  BrE ¥ 3 TR LI P
MR FAEFEN Y ARk REE T PR kB EEFE
PG FRRETILRPE R AT - RFAFIPERIEDF R RE T
gt KR EEERR -

mAREE L [14) DS ERie A ¥ R T - BIREFEH 0 4oBl 3.1 rom o H ok

«)-

PESHA IR PG TI )R EE AR FERLS & EPIE R
FAEE o $ow R E Rl o g 2 4EsF e & & ek e 3% (Breath Group, BG) » * & - B4 § B %
FERCARFSET O FL AT RAHBEOTR O FPRFRRT ST J B BC RS
¢h3h 23 (Prosody Group, PG) © o' uin B3R % Tk > ke ® A > 27 BO{rBL &
% SYL em:# B » BO % 51 reduced syllable boundary - B1 p] &_normal syllable boundary - ii
BO 2 Bl ehi~% F7? ) i4F ; B2 2 B3 4 % & PW 4r PPh 8 7 ; B4 4 B5 | £_% 4 BG

foPG i B o BA R A ek b o @ B5 H - RAEZ A RL P AL HERPE



(final lengthening) 2 2 &t & 33 eI %

SYL |B1/BO | SYL SYL SYL SYL

B 3.1 ¢ A 3¢ % ‘®3% ) & o ¥ (Hierarchical Prosodic Phrase Grouping) 2 e [14])
by P4
3.2 ¢ < I
SRRV MRS (LS ES S0ty S ST = SR SRR

321 fEH

AF R e ORI e SRR AR B Y R R
B2 i&£- e i B2-1-B2-2 2 B2-3> 4 B X & P &3 % (Pitch reset)~ & iz #g (Short pause)
% % % &t & »cfi(Duration lengthening) 3k 2378 & - i3 = st A e Bt 3p 2w o i 7]

HERBAEEHFE IR N % - T 2§ o A PRE s 2 TR KB4
BS £# 2B4- K Fla@d B BT FEAAT EFEEY - GREER RE LT
TR RAXRAERRY AN wB 257 o e SRR

7 #8 % #f 3= (Break Type) B ={BO0, B1, B2-1, B2-2, B2-3, B3, B4} » k& f & ~fp =@ ~p &

©3F 2 R B I EE A

14



B4/ BG/PG B4

| PPh B3 PPh B3 PPh |
PW B2 | PW | [PwiB2[PW | | PW |
| SYL | ISYL| B0 |SYL| [SyL| |syL| |svL| B1/BO |svL

B 3.2 A8 g Aw 2R SRR

Al eR e RO SREEE f B RER SRR > RF T
WIEE ARl A RS Rl AT F G L ABET RO E AR REL TS
b R UEHR R DR 0 1R 3e T L 4R 5k & (Prosody state) 0 A B 3.2 Y &
Z R HipER m?‘[]?r cRAFETHEREY I PR AR A RICEZEF
FhRfrg EREHEME TR DF F S0k T S THS PR aReE ©F

PREAREAP AR B ORERE R AR R R Ep L K

B TN K ST B R R AL 4

322 #A®

AR g R R S LR R E L e A ¢ 2 AR (PLM) » 2 23R 32 £ 4
20 e KSR EE VAR AT ARl anE R I 55 S lo Y S
Toihied BAER e E JRARE o FE LA A BB LT R fRABR R
e b 5 A fhie ) AR LS 5 ¥ L5 7 - ROFAL - 258 5T G A A IR R
R boegp RV ARS o
PERENETARG A TFPELFI BT ST HEE A e aids $&EE L

T Rk i R B £ T A 0 P

T*:argmgxP(T|A,L):argm$x P(T,A|L) (3-1)

15



EHRERET={B PS}s 7 1 AMERMFRIPETH > - L5 & F R Bk
(Break type) » ##% > & * 3 & % x4 & £ B={B0, B1, B2-1, B2-2, B2-3, B3, B4} ; ¥
- e E R A aopER L A 2P RERE T 3HAPS={p, q,r} FEA PR A
A LGB R fen R SRR S RN ER s BN RR ARG o B
B0 15 AT B B AR HS SR S H BT TR BR el § R F TR P
F R i R R A g R R e R o R T R TR

Ba B AR A AT e~ B ARG SRS AR TR

BE Sl TR LA B0 - g Sfrip Bk B Rse T R aipB it A B g
i B AT e cAp BRI 2R ] BB E lt F S AR By SR

V- S E R HRIFEARF o fod SR BT T  ip B A 23R R B R
R o Bt g S § & @R ok sEpF & (Pause duration) ~ F & i R i £
2k (Energy-dip level) ~ & 21t i £~ i 21 gk 4z £ (Normalized pitch jump) 2 2 &t 2.1 e
3 & & & £ F]1+ (Normalized duration lengthening factor) & - F]pt s 2 % A ¢ 7 4 & &AHF

LB 7 sp s EEEEE B 7| pd <3 & ap B <ak(Energy-diplevel) 5 Fled~ ¥ &£ B B 7] sd ~

FEaEAFIse TR F QN AHEL B A pj 2 AT gy &R RAPE TS A A dlHodf

Pi, = (sP,.. (1)~ B,_ (V))—(sp, M) -B, (), (3-2)
ARSI AL SO - THRNAFLEZE NBEE b, A EARETEL D

Affecting patterns(APs) » @ & it i1 & & R & F]F B2 dl fodf 2% 5 ¢

dl, = (sdn -7, - 7Sn)—(sdn_1— .~ }/SH) (3-3)

dfn=(Sdn—}/t"—}/Sﬂ)—(sdml—)/tm—ysn_l) (3-4)
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Hoe yfoy AU 7 8RB AFE &AL ETNEh APs» Flpt 5 S4B 2
A={sp,sd,se,pd.ed,pjdldf}e i 1 L F AP gL BF SO RAL- Kok 5 = BEEY
5 & 1p = %#c(Syllable Prosodic Feature) X ={sp,sd,se} > % & p #p = % #c(Inter-syllabic Prosodic
Feature) Y ={pd,ed} ¥ 2 § & Z 3§ = 5% (Differential Prosodic Feature) z ={pj,dl,df} -

T REC G R L kA A G amE RlcB S o Y Bulad SN A4S

SREAEIA AL b IR FlL @z BAEANEF SRR - F 8 &R
My, oL gz PREREERRNRB E RS RO RS
SRR Ft LA g e K el R Bl e RS e L P b RS
FBcis o FleRARE S S8 PIAL- 2 & 5 | (Reduced linguistic feature set) o = 7 i ch4 77 &

%030 3R G ER R E T Sl 7 2

T : prosodic tag B : break.type
PS : prosodic state p :pitch prosodic state
g . duration prosodic state
r : energy prosodic state
A : prosodic feature X : syllable prosodic feature sp : syllable pitch contour

sd : syllable duration

se : syllable energy level

Y : inter-syllabic prosodic feature ~ pd : pause duration

ed : energy-dip level

Z : differential prosodic features ~ pj : normalized pitch jump
dl : normalized duration lengthening
factor 1
df :normalized duration lengthening

factor 2

17



L : linguistic feature  I: reduced linguistic feature set

t: syllable tone sequence
S: base-syllable type sequence
f: final type sequence

U: utterance sequence

5;;_:%\' :—»F‘}’/\ ’?325‘3-15“532:%§

P(T,AIL)=P(A|T,L)P(T|L)=P(X,Y,Z|B,PS,L)P(B,PSIL) 3.5
~P(X|B,PS,L)P(Y,Z|B,L)P(PS|B)P(BIL) (3-9)

# ¥ P(X|B,PS,L)#5 § &3 =3 (Syllable Prosodic Model) » P(Y,z|B L) fi- 5 % % B4 #
3] (Break-acoustic Model) > P(PS|B) # & §p % i #%73] (Prosodic State Model) > P(B|L) £ 5 %
#1422 3% o Hod] (break-syntax model)e i& =9 #-5 @35 &4 P(X|B,PS,L) 4 &= = B -] »
A GRS SRR R P sp ~ 5 & AP sd fof Sl &5 F se o 3 F Bk sp ~ sd 4o ose e
AL I TARREFRSEV @A ANT S dls R A ~Foous
iR PS={p.q.r}frif B R B4 B FL T

p(XIB PS,L)~p(sp|B,p,t) p(sdlq,t,s; U)p(selr t;f,u)

n+1 (3-6)
NH p(Sp |Bn17pn1tn1 )H p(Sd |qn,tn,5n,u )H p(Se | nv nl )

# 7 H p(sp, B p, &™) R AN S AR L A FEE S F R AHLL LT N
B &L KA sp, § X TIP BRI R p, B PR 2 B EE R N B, e
B, fim™ » B iARAE SN (ot @ Sl W 2B =(8,,8,) 0 G =(tat L)

@osp, BT 4 % n B3 & B puin o B & AU it 7 ¢ 2 B @ (Orthogonal expansion) »

P Foe B Legendre % 3 ;N A R ATEF e B 2 Sdc 195t BT Bsp AT 2

sp,=sp, +B, +B, +Bs , +Bp , +RH for 1<n< N (3-7)
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BTN E BB A7 F AR B ETE 5 x FOAP ig4Zentp A tone pair 7 =(t,t,,) °

B;H,rpm fe ﬁgn,tpn A wl % n-1 lﬁ“f\—"f% n+l B4 & ”T?lgkmﬂ fs & %F%f?‘*}i}f%ﬁjAPS’ p R
23 T35 (Global mean) ; & * B3F o e if R 40 F BAp &t oA B D] 0 i2a B A B
B, fr B, o2 TR BBb 4 ﬁBo w, Bge,tN :BENJPN 0 BBl | e APs 5 ¥ fh 50 R

.

MR e -

RS

ERLETHP B F &alog-FOlevel § B Ap L kp, Sn

’

PR sp AL ARt ehsp, o Ssp Ak B, VB, B, B, p, T 7% 4 i (residual) -

n-1:Pna

Bl 33 5sp, ZHFEFF M B AT H > Bksp, - TIDEE F HF #74 § (Normal

distribution) > " N (sp;;0,R) » ¥ 14 {¥ 5]

P(sp, |p, Bl ) =N (sp,:B, +B,+Bs , +By, +mR) fori<n<N (3-8)

b
T B B, .tp,

G A U 2 B OB R E A e )

B 3.3 BB I+

pulhd

S BRI &R Rsd, 0 F AT A

P(sd,|q,.t, s, u,)= N(Sdn;}/tn FVq Vs TV + 14, Ry) (3-9)



BHEARET § aictse 7 A

n

P(se, [r,t,f,u)=N(se a +a +a, +a, +u,R,) (3-10)
BY g7t BREFEAAP M@ sl %nB3 S B EREER> 0 &

R, ~ %] % 51 global mean & 4 & i £ A 4R E s ¥ R Bl o

HFHRREEFRAIP(Y,ZBL)E- H

N
P(Y.ZIB,L)~P(Y.Z[B,))~]] P(pd,.ed,, pj,.dl,.df,|B,.1,) (3-11)

n1
H ¥ P(pd,ed, pj, dl, df| B, 25 d » 552 4 K f(Classification and Regression Tree,
CART)d& ¥ 41 3k » H & gheni 5 8 P 8 ik 5 5 #2123 e £ (Maximum Likelihood Gain) -

Fl* - e ERPFORFIEE > RpA B EFR B H TG F & chipd ~ed > pj, >~ dlL e
df, s #f e Gyt #-pd 12 gammadistribution = g o @ ed, > pj, ~ dI frdf, 2 normal distribution

E4g > F] p(pd,.ed,,pj,.dl ,df [B ;1) § &~ & gamma distribution fe= & normal distribution

SRR e
l:)(pdn’edn’pjn’dln’dfn|Bn’|n)=g(pdn;a8 Jn ’ﬂB I)N(edn;luB I ,0; I)N(pjn’/ué”l ’O-zgj,l
i 2dl o2 ' " " (3_12)
N(dl;pg  vo 'y IN(E S pg o™y )
MR ARV E- HAH B EREITESZBIET A7 5
P(PS|B)~P(p|B)P(q|B)P(r(B) (3-13)
@ P(p|B) ~ P(q|B)frP(r|B) ¥ ru * gFig < #-7](Bigram Models) 4 %] £ 71 &
. [ 1 ]
P(p|B)~P(p1)LH P(pnlpn,lan,l)J (3-14)
P(alB)=~ P(ql)LH P (3,10, ,.B 1)} (3-15)

20



P(riB)=~ P(r)LH P(r, nl)} (3-16)
He P(p) ~ P(q) foP(r) » % %77 & B 72 I 35 &4 f& eh4= 454 5 (Initial probability) -
P(p,|p,..B ) ~ P(q,1q,,.B ) fcP(r|r B ) RlA Bl 4w = /35 Kk ik > L sz
Hm™ o 5% n-l B &R EDESIS n B3 &35 &Kk & EH 8 5 (Transition

probability) °

B {8 1 B 3F i i) break-syntax #-3| P(B|l) > Bk #-F By o B R A B R 0 &

SIERE et
PEIN=T] P(8,II,) (3-17)

B0 P(B,|I) bt d CART i B % 29 d A i B £ 5 A 2RI BB 3] -
323 jpthie 2 WA R 2

A-PLM 2 @5 = 2 2272 p{(Maximum likelihood, ML) > F p¥3f fz 8 i 3f = HEA] eh % dic
TG F oG R 0 E- @Rk ARAD DAt o FRIFLERT A 5 A
A de it fodp o A s T B AR € T 0 AR B dRe 0 2 AR - & 3dhah8 B

HEASp & Sl 4o B 5 fp i ehiB A7 L AT 3 9 %& — £ S dik(Likelihood function)

-

n=

Q:(H P(Sp |p Bnl nn+ll)p(Sd |q Sﬂ’un)p(senlrn’tn’fn’un)J
(

. )
P(p)P@)P(r)] P(p, 1P, B, )P(a,ld,,. B, )P, I, Bn,l)J (3-18)
{H ( p(pdn'edn’ pjn’dln’dfn | Bn’In)F’(Bn Iln))J

BEY - B EH T e aA 0 F R LA AR 8 B RS WA R s

drm v g% (7]

21



3.3 135 35 §TE4 9 ) HSMM
*EF FI HSMM &k it 35 5 o % 10> A & 83w A B3R HSMM 7] ehif

A2 e )% 35 e R FT A B -

3.3.1 i dici

PIRBA N 0 S f R AN AL R R F b AR I Y O FERS
5|47 3% % %k (Mel-Frequency Cepstrum Coeiffient, MFCC) # - B B £ 5 % & * 2 3 sk
oo AL KR RSB RIE B0 11 32 245223 P § (Hamming window )

PEEHI0OES G- LFAR > RE-122 MFCC £ 4c F - i £ (il M2 35 13 k2

- FFer - g€ (Delta and delta-delta) % #Facddic > 2 Flap £ pL fafad £ gnlf > F)pt 3
,f Bl I 38 v R L AT UEF R L EE AL E V- 25 0 &R

i R &1 FOEE 3 5 #c(Mel-generalized Cepstrum, MGC) » # ¢ 3k 2_a=0.42 ~ y=0 (mcep) °
25 452 8 P & (Hamming window) » % &8 5 4,5 =& T4l B2 £ 2 25 aahsk
B TR P25 FEORRE R EEN BB E S A T LT R

)

$RBAL TR R R Ak e

3.3.2 § #r i

MEF AT ZRLY L L e Far T g (Flat-start) s B~ B A4 A E 2 R F 0 A
MR RS T R Fo AU A 1% - v aE X b $57) (Speaker Independent
SI)¥F 4% 1755 4]+ 2] (Forced alignment) ¥ 5] - ¥ Ferr & =% » £ 19500 7 2l =8 R T 44
BAlEE e TR A AR BAURARR 0 B b A R R E 39 e MFCC(H:A] 5 38
W) FREAMC FAIBIELFEREE BRANLCHEEG LR EORE R
30 B3 A (Phone)i A {4 A BERR S BB A LT R ARG SR
(HErEoUSFELEE2FH TR AUCESL AP BREH) R Y FH B2 PHE

% % #3] (Monophone model) #ss 47 2] » 1@ 5|5 Z 2 =% -
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Treebank Segmentation Forced Syllable Treebank
¥ i > oo » phone
mfcc (syllable) alignment combination label
A
Si
monophone
model
B34 F &7 H ik RBHAER
333 ¢ ¢ EF AHIAR L
¢ i- 3 E L H 2 #miEs (Tonal language) > # B Y 2 - BE & o ¢ 2 5

34
b

411 i L ~ F & (basic syllable) » 35 5 fa & > 7 &= 1300 % B3 & - BAAS &
BA A ES o A TR HATERL 1 F SR TREZ W BEES A che e
TEFAIALCY 2 & APy AE 2T 2 3 2 HMMAA P 2 303 2 0 8 %
R E a B FEE R FAAE AR FeoppRAPERNE A FHEE AL L
FRE AR R Ao R WA ST g R L R Sy AAE A
B L o FEARIRE VNG MM FER > AL T A gL
F @A dept ¢ ERYRE D2 WA A S BRI %

AR LLEENET A G AN XA 3B A (LM ) o mE
i #F (Short pause , sp)£7 »» 7 7 & & i #g (Silence) > + 40 B F % H ~ » 2 ¢ 47 ¥ 73] (Spectrum
model)s# - B3 % H ~2 HMM ¢ 3 B = 3 + (Left-to-right) sk f& (State) % = 5 #=
AL EAT L R2F A TALLAOFAHE ) Bl o f mRE g RS e
EOREBE A - BEFEGAEAF U BIILAREAT  LERAE T A A
Bk R 3 4 P P 507 (State duration model) = - A AE 2 HMM £ d - Bk i > - B3
#r (Gaussian) ~ i %77 > AR R EEH LA Rk LR > 3 BEA SRR A B 5 3 Bl
B frF AR SR B F PO nE Bk - BB A F f b H B R A B

A7

o
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3.3.3 A2 2 AR

AFPLHEHIFBAFE ORFR F- RO Fp ARG B S EHE ZEARES
Boo AT A HTS21 chud s B (7§31 3w in A2 5% B 3-5° 7 L d g7 27 5]

2

24 %y =% > 4 Segmental k-means 2 3R ¥ 47 4o 4E B

A4

= F
Baum-Welch(Forward-Backward )i# & i &~ # G ip| > ¥ d P FFER B - & BRIE D ek B
fi&(TreIIis)ﬁi%J 314 £ #-7) (State duration model) svd= 45403 > & B 915 o F F WA T 5 A0 deen
LGNS T A B 4R F IRt BEA) aolk iR A3 i (State statistics) £ i 5o # R #
A A ¥ (Tree clustering) @ ¥4 & 17 i ek f§ (State) & 7 F)R(Tying) » & £ * | - ‘28 %
T oo gt T2 % 4p e 03] (Context-dependent model) » @ & @ 220 A o H ) [ 4o iE

(Robust) » 4 % 51 % st #3) & 37 R B s T2y A% = b $APA 30 £ 8 % S % @3

7‘ La’;ﬁk}:”}'g_ b / 1;\; o

Treebank J/
Mcep Isolated phone training
Segmental Forward- Forward-
> k-?neans > Backward > Backward Monophone
training(HInit) algorithm algorithm HSMM
Treebank (HRest) (HERest)
phone
label y
Copy model &
FuIII;:;)QItext - model tying
(HHEd)
Y
1st context- Forward- Forward-
dependent Backward . Tree clustering Do— Backward Full context
I-Fi]SMM algorithm - (HHEd) Statistics ] algorithm model
(HERest) (HERest)
\
Forward- Forward- 2nd context-
Untie model - Backward | cagicti Tree clustering -~ Backward
(HHEG) algorithm Statistics B 11E ) algorithm > deﬁg”Mdl\jm
(HERest) (HERest)

B 3.5 HSMM #3420 S 42
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2

Bt o 2 PRAPBE ORI A KA IR RAR B R s F O S R B R S B
A& 5 - REA KA KRR A d B B 2 % 4p B (Context dependent)i&ie2 ¢ i &
(Central phone) s i 7% i % — 12 & 2L(Root node) B¥ 44 4 (AL 15 fi-2* % phone-based > & -
ek GREFFEEI S HES BE X 240k X0 34 8) @ s BRG] &
A& (Minimum Description Length , MDL)3# & » i f§ {5 43¢ 3-20 > 3% 3-19 9 & B+ P S ey
# (Maximum Likelihood Gain)ezt + » 7 43R5 3-20 5 3 3-19 L 4c F - B 7 > - B
¥ 78 (Penalty) » MDL 2 ) 2= 4] % pb 35 k- WHE2 & HFER - § A4 KA A% 531 %
feAF AR MRS ERFRL Ao T p R RA KA ARG DFERLK LA LS HEF

i = i 1§ (Overfitting) enfi-3) » &5+ iy Sl £ 0 % T @ (Threshold) & 7 i & > 4

Yes No

quy qun

) 3.6 MDL-based i+ i #+4 %

S(D")" = L(Spq) + L(Spq) — L(S,) (3-19)

may

s(D")”" =5(D");" —aKlogG (3-20)

q % & BL Sy B 1R 38> Sigy &7 Sign B 4 %] % & S5t B AL A B 18 yes & no e & B

D" % 7 % & Sniz B S ZenFoRl > L(+ )™ 4 0 & 2t it iz B (log likelihood) » G & £ &

MFHE KA &2 2R

\\\Xr

ﬂtf‘f”iﬁ e g oo
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334 51 » M

AT A AR A SRR L SR BT AR O M e A M A
AR A FEF T T AR A XA BRI TR 2R R R
AR P EFT TR BRENERAOA G - WM GG A FAAMET R %

PR RGED TR A ES N R gk L0 - SR 2 &
AMOTAF L E AR TR IPET AR GRE T TGRS FE 5~ A5
TRF 2 FpERA A I e SR AR -

NERE LIRS TNEF T TREN RS ARk @Fd g0 &5
Sl TRREMFE T FALG A K Sl WL Y 3 S F R REE LT
TR ARG RS AR AR EABEERERERE T IREFEL M SRED
PE PENRETATRS A3 PR FT(SYNaX)E S &k 2 B P g T Hifyat
B3 Sk R A ORE P RAEFET AL T A A E A RE A )
B2 AT PR AR AT R R 4 (s R B RS

Friiap B oend AT ApR o TR A A ST O B P R

335 % A A FTAHPIHE R

Bl SRR R TR IO S o 2 MRS T AR ARG R AT
TR RGP R Mk o L U BRI e A T
PR BB FE AR AT RS AAFRIE T TN PETERE T AT AR
T R2A 4 r Bl BFT T I fp TR H0A A 0 R4 32 40w 2 %

M T AT FER L Y AE 2 AT 2 T

Pr_Phn-Cur_Phn+Fol_Phn/p:Pit_ps/q:Dur_ps/r:Ene_ps/pb:Pr_B/nb:Fol_B

26
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%32 2 "i4p b T

Class ID Description
Linguistic Pr_Phn Previous phone(lr_1i_tia|/l_:inal)
Feature -Cur_Phn  Current phone(Initial/Final)
+Fol_Phn Following phone(Initial/Final)
/pb:Pr_B Previous break type of current syllable
. /nb:Fol_B Following break type of current syllable
Prosodic — -
Feature /p:Pit_ps Pitch !orosody state of current syllable
/q:Dur_ps Duration prosody state of current syllable
/r:Ene_ps Energy prosody state of current syllable

BEFRBETOT AR ARMPES > S T EIAGREAHEHREE AP - 2
B = MR AR WP AT GRedp EAn MR AL G L )
L FAF )M AR A MMAE D3 2 RERTI LA § R 4257 §
FORA A SR S R L SR RnE F o A S AR AL

i EBIEBER

i F RS 2 R R R R R A - R o B R L
2. 3 @ @ATApM Y §p &3R5 41{BO, B, B2-1, B2-2, B2-3, B3, B4}~ 43 & A i%
5o F G A S & R (uncture) iRi A8 Fl o8 SuR R B & o~ S chinsEaE e
BHERY &g 707 B TUTRE ¥ 5 2455k e 2w~ B R LGB
B o 4 BERTRE

i BRI e B R

i, AR SR B AR FE AR R RN T A

» {B0,Bl}% i ix @M 2 v 24 chisdg

{B2-1, B2-2, B2-3}3% & 3 J cig 4

vV V V¥V

{B3,B4}F1B3+B4 § ¥ % EiRBL 1 YLK (247 40 0T B2-2 AL P A DB 4T
CEMME MY R

3. FpERAARM I REFTHE

17
(e

Jiv
B

K=
= )gb

oy
pa]

KR ARG FIR 2t 5 F &2 hF s AT
EARE TS R TBd &SR AR 0 TR F B S BTN R PR sk
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FR L6 FBRERE T A Z 22 A EERF o ME Y Bk R 8 S & KPR 24P
o FF ARG AR AL
i B AR R EFE R R R S R D N B S - #P(NSS)
Bh kR {1} {12} ...~ {12,345} FIA PR § B - R
et A FE AR RS B Mk i G - FRER 0 T A AR RS ) AR
EHE

ii. PRG3RI A ZRAEE S o R LFPRERELETARLFE SR E

> Fo B-¥o - ZEHB- B {3456} {4567}~ ...~ {11,12,13,14}
> TR - BB L B o 4o{3..8) ~ {6...11} ~ {9...14}
> (3. 14} & B — %

34 KA REF L1
AT PRSI SRR SFI I s RS BE AT R
FIL s F 84 S5 - d AFF ¥ SEAl S HSMM » 3 fe B0 SO 38 221 G 45 5
Bl e A A F AR A B a RS FI T AR R ST E TS BT ROl AR
$r5ta e Al L pE G LARONAL IR RE L M DR RS H 2T R
FE-F e RO B - BRI 5 A WKATE R S e e 0 Bk s S A A
- % % 7 % 4p M /- S AH(Phonetic decision tree) - % B3 £ ¢ B 7 ok R a2 §F
HooARMikE € ¥ 3 2~ Bkt HMM sk i dc > /18 2 phone-based # 7 2 ;
¥ - R 5 ¥ 3 A2 4 { #f(Shared decision tree) » $t B3t - HMM R fg et 4 2 8 =
e 2B 0 AR ¢ %20 HMM sk fi #ic > 7118 17 state-based L2
FlAR L F L A B LEOOI R R O Bl A St E el g
LRATRL &) AT AR £ R R DR AR T e
SRR T
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3.4.1 A HAA

2 PRAR B HCR e B AR A J A R AR M RS E - B A AR A K
P ERORETHAZRY TR EAF S FREISF AL A ESLE F ERTTD
TR A G E RBF NS FehR £33 A h

S A R B E 0 $ A R E TRt R TR A R L LT e T - R

3
A
v

dAR L BALR MR R A 7 B R TR S HRE T RASB R AR & A
FAAHEHAFEOTE,ANLIEP RO FRIOPERET G RN TRLE S (T W
foA RS cnFORR A - o R BRI UE B Ak o

Gd BEARAEDS A7 5T SR LT L&D B 318 0 J 3t state-based 4
RAHFEREFF 5 A7 FI & & 4 45 S AU S & phone-based » ig» £ A7 F A S
SR F AR F A4 33 R B4 M0 A BARE ik AR R4 M AL A
AR F - Rl 0 VI RIS s e @# = B Ap BE RS 3T

AL R S A E A S ﬁm*m PR L RIR AL R B

Bl R APM M T FIEEMME AT F oo iR s S kL R Ao o
RRARE € p L ﬁh».mﬁﬁéﬁﬁ BERRE S EP 3R 2R ¥ Ak K ARE ARG R B

B dest E )RR AR SO B RPN M R BB A SRR hE B E R

Nl Tl el I

.m\y

490
o4
Sk
h
g1
W ~
rl
Wi
\an
H
e
=

F-20 0 A7 BEF &SRR BN G R

mly
%
B
F

-
3
5

Al Bt E B B3 & B4 (2 304 ﬁBa’ﬁﬁﬁﬁﬁﬁﬁé{@ﬁxﬁa
B E EE G L RO ARG S S R N AT R - B
A A R A RS BT IR T - R L e BT IR LR & 2 ) R0 ek
%éﬁﬁbﬁﬁijﬁf—ﬂm’*w“ﬁ”ﬁnfﬁ?ﬁiﬁﬁﬁaﬁzg’ﬁﬁﬁﬁﬁ

U ETRE R R A TE > 4ot BB R AEE-R BRI B A 0 B A o0 A E AR T YR

H
K
B
;rs
>}
N
iN

EEREIRI A E - Y oo S0 A R R LT L 0 AP
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4t > 1

B F NRE BN ARG T AT A HE RIBES Sy R 8 R AEE

BE TR A TE AHLNBES Shd Al NATEE - 605 1250 6 A H A
gt Gl P19 L1500 K B AT AT R LA BTG 0 R MY RIS Sy B iR

LB > T T REP BT G kR A NG E T end G ki85 0 LR AR
_} ~

ERERE TS T ARIPLEF TR ey FRY SR T S

bede ke F 62470 L TS ATIEA L VVRER LG NI 10 4 34 ¢ hB B E R F 295

;
B o)
%33 32 HE AARAHEEAMA Y - X NI R
S 1 2 3 4 No
i 41 50 18 2 3
ki 41 91 109 111 114
# 34 B3 HA L KRR EAR MR Ry - X g st
: i 1 2 3 4 No
*E 189 64 24 4 14
A3t 189 253 277 281 295

ABEAY B PR E ALY HY A S RREEH S A F

B LA ER R a7

HiEg-

HFRF T ABPESRSE D -~ F HMM

AGFER T & FARE 0 F & B A A MR AL D R 3‘#4@“& R R S Rt B R

R RS R R AR X B EPEAEY LT AN IE e - EP RS

HO TR AR S TAEMALE B A 8 B CRE B A PR BB

d & 35 RkmA v o d ATy IR DB R ALY o & 155 0 3E(Bclass3 &7 Bclass4)

R S = fECTRITS SR HMM R 0 3
F HMM #: G > Bl % 3 4

B0 IR RS 3R 2R A
AR AP M B AT > B B R S B ARE LA
RPRFFHEEFDTFEDAFE B &

oo

R SRR R B R HAHEEE R
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Ho 2B 3B RERERE: > TERRE R HEOEE F A anile > o g
LR REFER 4 % 04 B fi (PitchPS16t012 fr PitchPS16t013) 5 & -

235 H o 4p2 Ak RS BT IR R AR MR AL 0B (B L )

g B R RE E g B R {5 #wE
1 PitchPS16t012 76 6 PitchPS16to14 6
2 R=Bclass3 54 7 EnePS16to012 4
3 L=Bclass3 22 8 PitchPS3to8 3
4 PitchPS16t013 9 9 L=B0 2
5 R=Bclass4 9 10 R=Bclassl 2

MR B Feailie B B 0 T B LB M E ehY AR B R Se e 12 3 (Short
pause, sp) ¥ - BAKRE A - B4 e Aot $F SpE AL AT LA
- BEASRE £ PR AL A BERE TR Rl ok ot kST
HAPITR DL G e BF RN OE B G R A B 4 36 Bt R EFR o 2N
TR BARE - LR EL (RH 2 LESMS) WAL 8P dept ke 2 T R R E
e R g sp chi= B M 0 R T AP A B chiB MY B - R 3 T AR
e H BLAD SIS 2 7 g2 Bl > NI GIETF Y R R KRB RS

BATEL AR X H R A YRR CRBENT E S R BRI - RF TR

=

SH

A2 5 DR FRENR IS VR FFEI 20 m G TR LR RS R 2 -

l:’f’l'ﬁgt‘zlﬁ o

% 3.6 g EtEeRapgn s ey BRRREFT
i Hp 5E 5] BO Bl B2-1 B2-2 B2-3 B3 B4
widE B |0 4284 1511 3697 848 3778 3263

31



342 TRERAH

Y ’?EIJ__ ‘:é W Ly

=

o

|8 RS BRR o g AP PIRE DA AT &R R N
T R ARSI R FIAPRED D HSMM P ARSI Y 2 e ZHEBB S G
H@FE ARy - A 18T F BREPESPFL 050 8 oiFd 23w - Iw i
— BAPARR AL 0 0 TR AP R TR AR AR R DA B R T B T 2 TR
e 4E 3 HMM B id ensr 2] =% > d Qb2 20 8 A anip 7 R AT 62 & ¥
veer B B2 gk B PR O A 2 0 T T R R EOEGE Sl et R A
P2 HE 3 St B4R f iE 3 se 3 (Mel-cepstral distance,MCD) » & ;¢ 3.21 > pt 383+ & &7 MCD

A% £ 0T TR 1 P e Bl (trajectory) A% 337 R 4o i S Bt o

D
MCD[dB]= 1 /22 (cy=¢,)° (3-21)
In 10 d-1

D is the analysis order of mel-cepstra

cq and & are the d-th coefficients of the mel-cepstra of generated and natural speech

HEe B F R RS DER I E P K REST R 2P kR 2 2 LT
s R erdn il 2 o B R R B0 R A BB 2 S Be P A R
gt 2 fe R 2 SS9 U B PRCA] o d 3t HSMM H03] arpfk fi 3% 0 o B B0 200 S 0] enig
TAARR o A BAAE AR B A 2 A S 2 A N R B S E S g%
MOREFEA SRS R A EHE)EA T2 0 = A & 4 5 ;5 (state-based, state-based) -

(phone-based, phone-based) ~ (phone-based, state-based) » ¥ — #& % & (state-based, phone-based)

\_.

RIZ 0~ 4 % > F1 5 MFT T AR EE RO 45 state-based w0 F o R ES T AR > ERE
R L0V i o & F B~ phone-based g B~ g 5L state-based hfliE o it ¥ g
(phone-based, state-based)# (phone-based, phone-based)= e 34 - @ (state-based, state-based)
25T s) R R T S A HTS 3 4Ry HE3) B g

L 37 B3B8 AN FARE R EAHA B 2R B Rypw 7 BE T
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ZREHEFERE AR RS > B0 91 F RV REFRLAMCD I E - F i
PIGFREEPEEA > EPER P B0 o DIPGERINA RIS 43 S 23N 0 o g B
EFRBEIFEBLEZE - PA UL FREEF R > HE B S RBFI T TBEN LY
Boo #esid A A Y camans I INULL 225§ %0 3 2 5 B2 3p2 $ 2 o
FRAEEFHES A o meancar KRy B HeER Y LRl § a9 B
2T
B

-

A B 2 5 f PF#hie ¢ (Dynamic Time Warping, DTW)ig 82 > &35 3 7 F & &R g

I
o

> i
12/ IR b o de § - S- $HEM &0 355 MCD -
LR

d R T g NAOTI S B 0p 0 B - H A ohstate-based 3 4o il s L &> 7
Wi il PRI S A RERIBETHOMCD > E B E GRS 2 BRAVEY

S % gk chvoiced 384 T EF LA 2 A H A onfind] Y T ok B 2 2 5 0.09dB
L gpr B A [ T%iE s 2 0B L - H 0 BR AP LA E e
ST S SR A s 3L e

rﬁﬁ_ﬁ{ijjgpbﬁqp IR FgeE R gt B d Ry B ﬁp#ﬁmuy‘j ZH o p

34

- A FIH A4 > - H AR R RAR S A Hid g ;T}‘F}E%L—/E\ﬂé‘ kel

d

Fboo FEAHE AgLRS > F R AP AR T g A S Bp ROt S 2

B oo & g e o PV BGEAL AT R E )T R ,T%é,ﬁ Do BRI S L F R MR A ren

PAREL RFHSYREHBA CRHEMCDFE R VREE FE AT R L - RGO
EH o A EHAISHY 0§ £ & A% 2 “T# > 2 4 (phone-based, phone-based) .5 4 e

2% & 47 » fr 27(phone-based , state-based)4p 2 7 i& - & %= ;% p| 12 (phone-based , state-based)
BodF B~ 3p* H AP A 487 2 % 2 (phone-based , state-based) i % $ 4% > B ¢ A Tk
i ¥2 (phone-based, phone-based) 57 % & -7 — % d b 5 % ¥ I ETHCA] G endd 3 Y AL B i
TEOF MG BT AT T R A LS 1‘# TPV ENNEEFEE td BEFTEF DG R
w0 M HCR] F 4 state-based 3R v FE R € FIRAIRR S ERSERAL HPIE A ER
VAR TR R E AT R EFLPRTF] Y w g B AT R

PR ALE 0 B P A TR R R LR MRS S R T R
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FEARMT IR 2L LR ERFRI ARSI - (R V- H
AEA R FIL AR HET D HSMM HEAPR S F 0 A BRI A RERE T AR

- AT - BRI AL RN HARKAH M- SRV LRI G L
A R @BAHTS 22 > nH Y - BRATE -

%37 $3HA2 MCD X %%

(R HCL S 4 R B HF PR % Training Testing

#) Voiced Unvoiced Voiced Unvoiced
Proposed method(state, state) 4.7152 4.5009 4.8556 4.6569
Conventional method(state, state) 4.8080 4.4813 4.9438 4.6536
Proposed method(phone, phone) 4.6571 4.4627 4.8356 4.6404
Conventional method(phone, phone) 4.7420 4.4472 4.9285 4.6549
Proposed method(phone, state) 4.6585 4.4639 4.8357 4.6396
Conventional method(phone, state) 4.7405 4.4506 4.9240 4.6540

% 388 -2 HE 2 MCD 5 % %

CEH B S R A FE ALY Training Testing

#) Voiced Unvoiced \Voiced Unvoiced
Proposed method(state, state) 4.8708 4.6443 5.2775 4.8244
Conventional method(state, state) 4.8045 4.4398 5.1544 4.6390
Proposed method(phone, phone) 4.6047 4.3964 5.0109 4.6254
Conventional method(phone, phone) 4.7192 4.4085 5.1337 4.6286
Proposed method(phone, state) 4.6027 4.3916 5.0106 4.6220
Conventional method(phone, state) 4.7157 4.7142 5.1278 4.6327

B A A A TR 2 B B 2 niRA B U ST S S TR R R AR
B2 AR A ES E Y AR & o £ RS G MCD o s O

Ass B2 BB B R A EE > F A E AEE A AR BRSNS 4 30,
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#3104 311~ £ 312 AR AEADILL 0 BRI Tisais | 2 BO &/ - F 43
& 1% % 4T %) BO {4 03 &2 MCD ; End & Start f] 2 %] i & 9 & 22 0 F > i3 df A AP 1
JFAT A BA W Akt b R oA A B R ST HRAR G 2 A AE Ay A B4

B ENd A A BT chd §F e @ RS 2 0 @ 3 3 B 24 B2-1 - B4~ Start = 4 548 15 B hd

Fo B gt EAapo bzt B0 B2-3 A g a g ang Ha gk A
B2-1 af 28 AP T RZFEFPHEFFLE PR TARIFRFLF S 7 B- RPE

PR R FER B RA(S 2 5 & IMCD AT 0 R R B2-3 K 5§ 8 T B

~

BEE 0 VARG HRAES G & K- REFAEF R Y AREDF & MCD P %

T

ol L RERTEM AT 5 i R Y R T A A G S T
B4z #rrl & hibds f &3 4o@ =i o BB E S SN BN 3 REFEET 2
TR BRI RBP4 QU8 M R T I BB A I HR TR 5
g b T AR R RERE SRR B FR AL ¥ BR 2RO &

B BLOR AR 0 Tt g M AR R R it 2 R SRR EE B 5L R
IR o

4 3.9 § % H ~ i3 2 (phone pstate) ¥R 2 kg & 5 {8 2. B Mg w5 MCD

BO Bl B2-1 B3 B4 B2-2 | B2-3 End Start

2515 | 49808 | 4.5850 | 5.2921 | 4.9152 | 5.9115 | 4.8011 | 4.6511 5.7133

g | 51384 | 4.9216 | 4.5637 | 4.3395 | 4.1607 | 4.6445 | 4.9287 | 4.2214

4. 3.10 § % H ~ 2 i = ;2 (phone , phone)$tipzRF AL 5 & % {8 2. BHg L35 MCD

BO Bl B2-1 B3 B4 B2-2 | B2-3 End Start

i 15 | 49156 | 4.5331 | 5.1013 | 4.8672 | 5.5995 | 4.7888 | 4.6072 5.5138

I

iz#p a0 | 5.0308 | 4.8294 | 4.4742 | 4.2844 | 4.2322 | 4.6242 | 4.8610 | 4.3291

o
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# 311 %~ 3p2 H < @ % 2 (phone, state) ¥R HLF &% {8 2 g 3-8 MCD
BO Bl | B2-1 | B3 B4 | B2-2 | B2-3 | End | Start
i 47 {5 | 5.1982 | 4.6887 | 5.3303 | 5.0378 | 6.0652 | 4.9095 | 4.7153 5.9371
i 475 | 53026 | 5.0009 | 4.7041 | 4.5164 | 4.2285 | 4.7879 | 5.1409 | 4.2546
% 312 ¥~ 3p* H LA 2 (phone, state) $3 R[5 35 K 4 & 9 15 2 R4 4g w]3- & MCD
BO BL | B21 | B3 B4 | B22 | B23 | End | Start
%7 {5 | 5.0817 | 4.6284 | 5.1002 | 4.9316 | 5.6584 | 4.8511 | 4.6726 5.6711
i=4g 4 | 51533 | 4.8715 | 4.6491 | 4.4333 | 4.3303 | 4.7538 | 4.9994 | 4.4140
% 313 tRBEF HLHE & A B A e 2 B
i% 4 g
BO Bl | B21 | B22 |/B23 | B3 B4 BE | &3
TBE B 5
FEL 0 0 0 8 1 45 603 | 326 | 983
B 5 0 0 0 0 0 9 56 28 93
st 0 0 0 1 0 1 38 17 57
A5 0 0 0 0 0 2 69 1 72
B 0 3 3 45 6 1594 | 1856 3 3510
b5 0 0 0 0 0 1 1 0 2
L 1 5 6 65 2 156 29 0 264
i 1 0 0 0 0 0 0 0 1
ZiiRgLie sl | 3232 | 8818 | 4713 | 3303 | 2993 | 1705 | 41 0 | 24805
B3 3234 | 8826 | 4722 | 3422 | 3002 | 3513 | 2693 | 375
TR R R E S AN R AR Rk B R R R B RO
FREBRLEE > AFTH &L RSUHIT o ¥ G F PR 03] Yoshimura [12]
SR RS R R TERRA T E 0 BTN 322240 HY TAAFT Y N4 HE
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BoK#F &p HMM ki B de & 7 PR R > &(k) & 80312 % Kk B & o0 328 (Mean) »
ol(k) &Y % Kk Bk A s B dic(Variance) > F TR B PFE {8 B B 0B RO £
Bt MCD > 7R 352 HSMM e 3 > 8 T 4 314 2 315 7 L 5| A /68 ~ chid &

WH S R L - B R AR ARG E ISR 2 d LT T

F_L

PREEET (AR EER) ik 22 R 48 3 2 H < #Ae(phone, phone) A
o B~ 35 # H 2 e (phone, state) i) FHT VR B AT HSMM > gt MRS B AR
AP BOEETER RAF ZE A MCD P E B R 35 H ] hiF) o b R
TR D LREFFEAHRTREFIFRREL IR REFEV AR ET A&

RO A S - AR A BRE 5 H B R4 MCD 4 it 2

T = ZK: d, (3-22)
dk=;“(k)+p-02(k) (3-23)
=U—iﬂm %fW) (3-24)
% 314 328 <2 MCD: 8 %%
(B S A i e AL Training Testing
#) \oiced Unvoiced \Voiced Unvoiced
Proposed method(state, state) 4.9819 4.5637 5.1335 4.6908
Conventional method(state, state) 5.0807 4.5668 5.2003 4.6910
Proposed method(phone, phone) 49182 4.5255 5.1119 4.6748
Conventional method(phone, phone) 5.0120 4.5287 5.1916 4.6868
Proposed method(phone, state) 4.9235 4.5299 5.1135 4.6755
Conventional method(phone, state) 5.0228 4.5336 5.1877 4.6818
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%315 #-3p* B L2 MCD# 5 2%

Rl s REFIPFF ALY Training Testing

#) Voiced Unvoiced Voiced Unvoiced
Proposed method(state, state) 5.1220 4.8424 5.2690 4.9743
Conventional method(state, state) 5.0669 45126 5.2013 4.6445
Proposed method(phone, phone) 4.8484 4.4520 5.0814 4.6186
Conventional method(phone, phone) 4.9841 4.4740 5.1840 4.6222
Proposed method(phone, state) 4.8644 4.4640 5.0757 4.6376
Conventional method(phone, state) 4.9925 4.4814 5.1823 4.6309

343 A REXAH

Ryt - SRR 2L &0

|
e
2
[k
)
3%

LA B FE R AR HSMM
TR AR 2 TR S PR s B A S S AR &0 g R
& BT Rt § MCD FAp e T e deg b A 0 (5 1% A >25ms) % ik A
Wiz 0 B AR R Ry o WH 0 FONRER § ARAE R T B k0 4 R 6 i
BRI H ARSI RE R 2 HSMM 03] £ & B3 gy o

REAT SEETRFRA B 2B L9 AT BEPESFEN S B 2

i)

S CRE S IE AR SRR SR E TR TR I L

“\*}s*

CRERFBABEL LY LHF LB AT ER B R AL BHRTF - LIFA
i FH R ETRARLFRFFRE S [Feandh o e8I R BT F

TR R SRR AP o
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Frd REiLE
R S

AP O REAL BRIFOIOMFERDES 0

Py
[
|
pL]
puf
N
N
el
mly
%
iy

AL g AT RN B i ke EE B

B AR A b e AR B R 2 3 TR 2
FEIET S P @ E S

TR B B R E
—é.: =

w1
\\\?{r

e

Fe FECORIE R ERGE o

* ik i ;g8 32 (Conditional Random Field , CRF)e37 5% » 145 & 5535 2 F

PGS A e W AL A1 ET TR BN LS EFT FRAR S
AT AT TR BRI 2 F FTMERRIE G E I Ak 2

e SN Y B F

£ REEREFEF R AL AIEENERE 428 4 5B
S A3 8 4 SRR AR

ERVWEE SRy Ay IR RS

vE o

Intraword
CRF
model
Y
CRF
estimator Intraword breaktype
Linguistic Output Break
feature combination reaktype
o CRF Interword breaktype
| estimator
A
Interword
CRF
model y
. CRF Prosody
estimator State
A
Prosody state
Bl 4.1 CRF




4.1 iEE NS

PE SRR T AL S - B & v Bl(Undirected graph)sticd] o £ A SRS EHRE R - B

BRI S BRI BT BB R A A & 5 B AL T 5 CRF Y A ¥ s
Pabid o 1995 CRF ahidk » Bk G(V,E): - BAEH 3 Y 7ik G cdga 47

(XY)T 47 5 - 1 2B BRLEA 7] X 5 62 i SR o Ty, B 1

Y = (Yv )VEV

TAGER S BN LT

P(Y, | X, Y, ,w=v)=p(Y, | X, neighbor(Y,)) (4-1)
1 (X )

p(Y | X) = exp A Yo Yo X)) (4-2)
Z(X) Lkzl J

(4-3)

ZM)=Zew{ZﬂﬁAde»Qj

B L (VYo X )by, 5 - Flcs G £ & - Pcdifcd ¥ £ 5 {01} E Sk 4 R

LE RS BOTH B E ZOOR B - m RILENE S A ehi RIS A G R E 5 Lo
r-] ")xlﬁCRF%g__“" 5 g*ﬂﬂp*ﬂ%%;\mmﬁﬁ_}l '_ L ‘gﬁgm s ]é 44‘& ’F‘injm

4

BENBAFTREPFEDE P RS = d BV R R T o acfEe B - 2R

FfE o 5 CRRE 2 2 eh— < igEL o
AT R T2 2R %J,ﬁ%&Azaﬁﬁﬁw’%éﬁ%”?ﬁ

LGRS #

X i # g (Viterbi)ig 52 ads g B3/ 7) 0 25040

Y  =argmax P(Y | X)
Y

pei 2 CREH03) 60 < B4 o Sl - 2 i 3 > SdicRh 2 2
B A P o It CREBAI GG Bt fc » P8 d R & R-F £ AP ACEH

BN Gk $E AR R R A R o
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W 4.2 suitess CRFs B4)%H

42 3§38 R BT
ag R s EA%® s x 7 4 (Intraword) £ 30 & (Interword) < % 7 4 > 7 4 2
PEApR o P ER - RBFF VR S B F RN S Rs s BO-Blesgs T
3FRE R PR Y R e BAS IV RARES T AR
FRERTERARGR  ANIGRFCEHESRFEHE > T EIE RS EF R 0
AR e 2 e T B 4.2 977 0 DURIEFLAED SET Sl AR iR AR e 2 P (50 {1 CRF
T A RIS PP B E R DRAT R B AL B IR~ v AT T Sl

Tw ) VR 2 H AR A < F 18 38 5 (Maximum Aposterior , MAP) 2 R > a2 gl

(Viterbi)iw & 2 & @ G e 2% 57 o
@  —
B0/B1/B2-1/B2-2/
B2-3/B3/B4/BE > CRF3/'% CRF model
(®)

B0/B1/B2-1/B2-2/

¥ 58 ——» CRFER B2-3/B3/B4/BE

e
CRF model

Bl 4.3 CRF 2 #ikiev 5 » (a)" IF £ > (D)7 & Fe &
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421 FEERER

WEREERMEYE AT ARG E R FIPFER R RT LG
fiRH R LR RS PR RTE R DAR R BRI O HEREREDL
PG F IS A onk 0 2T - BRI Y IR B AR 0 ke
Rk Vils A iRk £ R 300 o

FEOEBEFDER > ARV AL ZBRE PAJIYRERPERET TR 4
@4 (Part of speech, POS) ~ #-2:# 5L(PM) ~ 37 & ~ 225 2 (& PM

GHEEN D ERE BENHSARER @5 - AAFRIAI L 0 - Hher R

-
2
bl
i

5
(»x
E
e
<y
>
)
3
Sk
%

FEMFTA A FEAERERECEEERY- KSR 2D
A5 FE R RO & AT OB R AR R BB ERRAR T B B R R 4 A e B
B AL > o #30(Chb) i~ 9 i sl mengdin P 44 £ 412 4 4.2

KU HRR R E A P R R A e s > F) L R o F B ER
Huggizas- BFaE- BRAFRN0 R8BI HE 2 AEF R
BLEELINA o FIAARER R SRR B2 0 b 2 AT PR EE R AT o AodE Rl o

Lo MEL. A fEREEP LT L HRTI B R RIR AT o gt S R d RE 0 Y REE L

2

B K G L B R AR R POS BURRI T 5 VA L 6 B A ¢4 R B A

BRASES - BLAmpd I P A by RT SR AR 46 Y ARR L

w

B € i 5o ot g B R R e B AR S RO MR R R R R R T e

‘”l
b
ol

—N

FEBHE T RAMEFHEE VAR IFEL - BEPZD EEHE S Rist AR

7
“~

<

-z

3
BT PM cpedp Fl o R8RS e 3 R R oREFEOFELOFL - T F A

\

4y

E A

e
N

AP TR EF T MR BAE S P R E b R ASERS RUREE LY RGO o Ap e

' 2

el

m 3
o
4y

L 2
vl

FEARIRBE R B RAT e B 0 R 5 NIRE BAE ) VAR RE R B8 5 T

* oS

3

ERCFIGIERFREE DR E R OBy BPRFPEA TR EFE RO PEE
FREBFRF-R RS FEER > TR - BASFFVYRY 0 PFART L EH O 8
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BLRF S

BREALZEFL B2l €453 €%
Fode o B ORI IR R BT T M PR e

POS {35 i+ I

IR FEZ o F b w4

Fv'/zﬁ/*)i%:‘ ﬁ]' Eml#;%i,%%{}ﬁ 4
AR LRFERTIREE ER B ET

ko FEA BRAPA

—H AT R A RERIFDFEFEL T - 25 TR A B

LAETF B EHRA G -

AL F‘
F 41 PR R A 0] g i S

i i

PMtypey, i R B A G H-  ? {0 > {+}{others} ~ {non-PM}

POS, F(P A e tkie 2 46 5F)

POS3, #12(23 #7)

Chbtype, M B 4557 (3 #g)

WL, £ (1,2,3,4,5(>4))

WTonelst, Heng - B g a8 (1,2,3,45)

WTonelast, Wend (s - By @ #3(1,2,34,5)

Widist, e & {2 PM i &= B word
{1st, ond 3rd [4th’ 5th]’ [6th, 7th]’ [8th’ oth 1oth 11th]’ Olast, 15t last, 2nd
last, 3" last, [5t last, 4t last], [7t last, 6t last], [12t last, 10t last, 9t
last, 81 last] others,single}

Sdist, edpT 2 2 PM =¥ & &8 B syllable
{1St, 2nd, 3rd, [4th’ 5th]’ [6th, 7th]’ [gth’ 9th1 10th’ 11th]’ Olast, 1t last, ond
last, 3" last, [5t last, 4th last], [7th last, 6t last], [11tN last, 10N Jast, oth
last, 8th last], others, single}

WS ZLsti R - B E 2 B

1. {bdg}
2. {ptk}
3. {mn,lr}
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4. {sh,shfx}
5. {chc,q}
6. {zh,z}
7. {INULL}
WSlastf, Wk fS - BRI F A
1. {ayawa}
2. {eh,yeyue}
3. {yi,ai,yai,wai,ei,wei}
4. {ao,yao,ou,you,0,wo,yo}
5. {an,yan,wan,yuan,en,yin,wen,yun}
6. {ang,wang,yang,eng,ying,weng,yung}
7. {FNULLZ1,FNULL2}
8. {eer}
9. {yu}
10. {wu}
PrePhSize, PM # ¢ 3 g B4{0,1,[2,3],[4,5,6,7],[8,9,10,11,12] others} (:#i# & 2t
llﬁ “{l 0)
FolPhSize, PM i o ek & {-2,0,1,2],[3,4],[5,6],[7,8,9,10,11],0thers} (i %
PM i~ % % 00 B o Bk 35-2)
PreDepth1Type, FEAREY 5 R FEA(depth-1)2 2 i w0 B R A (PR T i
% 2 2L P 374 None)

PreDepth1Size,

FEAEEY S - K ER (depth-l) 2 2 R A @ A Y FE R

{0,1,2,3,4,5,[6,7,8],[9,10,11,12,13,14] orthers} (2% R fuit = % % 0)

FolDepthlType,

FEAAREHY % - KRR (depth-1)2 2 R ets Al (PR B mefs 22 Y
SRR None o st b % Bt s PM(HHEE 24 ib 41 B 10 L0 ° )Y

%% PM)

FolDepth1Size,

WEMSHEY S - K F R (depth-1) 2 2 R s & Y EE R
{-2,-1,0,1,2,[3,4,5,6],0orthers} (-2 B fifs B 0> B b %2 2R

fs PM #-1)
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%42 PR E R RO R R

e ax

WSlStin+1, WSIaStfn

PMtype, -1, PMtype,, PMtypen:+1

POSy, POSp+1, (POS3,.1POS;), (POS,POS3p41), (POSH+1POS3h42),

WI—n ,WI—n+1, (WI—n-1W|—n)1 (WI—nWI—n+1), (WI—n+1W|—n+2)

(POS-WL,)

Wdist,

Sdist,

PrePhSize,, FolPhSize,

PreDepth1Type,, (PreDepthlType,, FolDepthlType,)

PreDepthl1Size,, FolDepthlSize,

Tonelast, , Tonelst,.1

Chbtype,

(Cbbtypen, PMtypen.1)

422 wWwp ER R

SPRER TS BTN S 5 BOCBlo &R ES 0 SHE BRDERT JEL A

FEE - TFEPHRAEREPMIEEE S TF T TR 75 ~F & a? 2R8 &3
s APl FEAF D - FEHRR D BRFERBIAGE  £H E 58T B T

IR e 2 AT TR > ol Y B IR R Rl T - L

FRE (% 5B AF £37) 0 4v » — = f (sub-lexical word)if % ik > # 5 POS #5%] > ¥

PAESEEGY B A R BEPRER - R LT AN R BB R A

WEER NG - BB R R ORR F A A R R AT -
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BAE SRR R R D R A AR PR % K
WL - BRI  Ae RE BB AT - RAE RG] RN f- AR

BT A A BAGRR s T 0 L R AT R

243 @p E R e o R ik

Fik i 3
WL, #'%(1,2,3,4,5(>=5))
Sforward e o oGP A B syllable(0,1,2,3,4,5(>=5))

Sbackward BEAL s o e B 8 B syllable(0,1,2,3,4,5(>=5))

Siy § dhengs 5 4 4o

{b.d,g}
{p.tk}
{m,n,lr}
{sh,s,h,fx}
{ch,c,q}
{zh.z,j}
{INULL}

No o~ wN e

Sty

oy

a e ip R B s

{a,ya,wa}

{eh,ye,yue}

{yi,ai,yai,wai,ei,wei}
{ao,yao,0u,you,0,wo,yo}
{an,yan,wan,yuan,en,yin,wen,yun}
{ang,wang,yang,eng,ying,weng,yung}
{FNULL1,FNULL2}

{e,er}

{yu}

10. {wu}

© oo N gk wDdE

POSS, #14(23 #7)

b3 i (1,2,3,4,5)

m‘.

Tone, e

SubWbound, | 5 & 48 A £.F % sub-lexical word 8 % (0,1,2) (814 — B 5 & 2 2)
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Fo 44 P R b AT RO S Bt AR

e ax

Sin+1, an

WL,

Sforward,

Sbackward,

POSS3,

T0n9n+1

SubWbound,

AF 7 it * CRF++ toolkit t CRE 1A Pl seff 5 > 7 L iR piE 22 Sodic > #
AR ST S  T ] CREGHE IS i ch1 (60 T KA SR R T
BEREPrER G-

T4 45 ZRRERFPTFEROIEREREY, 0 523 B0~-B4 £ T B S

n\&-
ki
)
3
3

BOM&W%)“+’k%% b il - B QA Rdcs 1979 B 2P R LA B

5 1152 1@ - %5 58.21% > ik A 4-6 MApif Fik ik AT U B TR L A B R
51445 B o TAES 73.020 0 BB T H L B2 HiEsz BRI A RE M 0 K

FRFER BT ET A BT S Gl A A2 MRS B0 R B3 A B0 AL R
Wip- S B RG{ TR § S L BORH £ E LY HE R PR S {AREF K

Yoo AT T T A 470 3 B3 chinsg R4 T
R R B BT AR PR SRS T L SN A6 R AR
ARSI T ARG AT AL § AR - ae{p (B21)  RE TG S {0 (BA)
By {¢ FEB2-1) 0 PR 2{¢ FEB3) v} L& BLH T +{m&B3)H T}
FWLLE FRE-ARD SR GHF AL TR
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%45 PIEEEFF SR B REE S
BO B1 B2-1 B2-2 B2-3 B3 B4 Total
BO 97 27 16 8 7 2 0 157
Bl 38 447 73 31 22 9 0 620
B2-1 21 79 158 29 12 6 1 306
B2-2 9 41 66 123 16 44 0 299
B2-3 16 77 28 20 32 9 0 182
B3 1 7 12 39 4 158 42 263
B4 0 0 0 0 0 15 137 152
4.6 PIEFRFFERN RRELTE L ELI RS
{B0,B1} {B2-1,B2-2,B2-3} {B3,B4} Total
{B0,B1} 609 157 11 777
{B2-1,B2-2,B2-3} 243 484 60 787
{B3,B4} 8 55 352 415

TRAT ZRRFENFPEREGR% R BB 1795 B 0 A B R 1645 B 0 1
FES 5 91.64%> % & 4.8 4p 00 pF R ST WA G 0 AL B BT £ F) 1785 B T AR 5 99.44% -
YN ERIER I A € M T ApE % 0 FIRGEHR BO ~ BL 1tk gy
Hc A~ ﬁ/,T.%"/‘ » BT B2IR A BAEEEIE G I Bz 53 A CRF ¥ f#d-a0 F] 5 AT
PIRGEARY 5w L g g (overfitting) i 2 o ¥ R T - BAEE 0 FA LR EDBES

/D#&E%X{}‘ao

48



AT RIFFRN R BAA R S

BO B1 B2-1 B2-2 B2-3 B3 B4 Total
BO 380 49 1 0 0 0 0 430
Bl 87 1259 4 0 0 0 0 1350
B2-1 0 1 6 0 0 0 0 7
B2-2 0 0 3 0 0 0 0 3
B2-3 2 2 1 0 0 0 0 5
B3 0 0 0 0 0 0 0 0
B4 0 0 0 0 0 0 0 0
Z 4.8 PlEFRFEN ER BHELFE LB ES
{B0,B1} {B2-1,B2-2,B2-3} {B3,B4} Total
{B0,B1} 1775 5 0 1780
{B2-1,B2-2,B2-3} 5 10 0 15
{B3,B4} 0 0 0 0

Bis L HMmy 3 S ER RS VR BE: 3774 B BV LR B #2797 B o
TFES 5 TA11% > FIAp Z3e b RenBaagn A h b 2 £4F > o B - Ao PRI

B R AR B2 N hTE B I AEFE S 0 5N G FARMEY S .
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- A4 /, v o> 21

43 F FRERBRE
dOTRERE R 2 SRR RAPK o TSR ERE TR - A
AN S AR5 L IR T T R e SRR B0 T R

FOUTER A R R R

3l e

|
4
538

AL SRAR AR X B SR S S8 L CRF

FE3 -

A Rz ARERE AT A

FREFENERE AL nrAt iR

mls

M R E R > A R MG MRS ARERBUA ARG K BRERE R o

FEEFRPTEY AR BE R FAM o B ALY I & Rapikiei(T

.m‘y

B o AeA B R R Y Z AR R R B RIRE S R ARSI 2 Ak o AT
VURHZ AR R AR A PR Sl e B S B E R B ORGSR BOR R 0 AR MR
Bt AR EEHARM FBEA YR RAENBRE RFH G LT REAE T F o AT 4
gk (S 0 BRF Y g 1% 4 47 W Ap B AP BB (Bigram) 0 F1 G d SRR R R T R
BT fna i A ] 2 gp Rk i i B P RAR B 0 ropt iR T B s SRR 0 E R e
Mg &5 e-19-2 B chiB g R AL RS BET R $EF A G BN
A RPIEIRFER S e L 5 A TR RS L REBREN G o

* oo APy = AR Bk G Ak BEH A T SHEH AR T iR AT Bl 0 4 H
%

i Ap B R T G oon R 0 Bofd B ORHCAISE R AR TR 4 0 - IR
MR BEDARE T Sl T 2 | WA E D OR PR

49 T R A e e R i

Syl_in_PW, R iz B3 & & PW(prosodic word)® chi= ¥ » A~ 7 (L@ g (% - B3

&) 2.7 :“}g;vur,ik,g;—'ﬁ\ ARy BFIRA 5 3 k(RS- B &) 4
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|
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.
=
w
N
Ji
$k
.
=
Iy
mly
4%
~
N
=
$¥
.
A
Iy
ml4
4%
N
w
15}
$¥
.
e
I

3 )

PWlength, Btip By & h PW 25 B3 &0 A ~#(1,2...,7.87)

Syl_in_PPh_f, BB B g & pEdE T 9w — PPh(prosodic phrase) boundary & i 5 &
{18t ond 3rd [4th’ 5th]’ [6th’ 7th], [8th’ 11th]’ others }

Syl_in_PPh_b, iz B 5 &R H 1T (s — PPhboundary % & 5 &

{18t ond 3rd [4th’ 5th]’ [6th’ 7th], [8th’ 11th]’ others }

PPhlength, oo B F & o B PPh o x 3 B B F & > & T
{[1,2],[3,4,5,6,71,[8,9,10,11,12],[13,14,15,16,17] others}

Syl in_BG_f;, AT B g & e i T 9w — BG(breath group) boundary A i 5 &

{1st, ond 3rd [4th’ 5th], [Gth’ 7th]’ [8th’ 11th]’ others }

Syl_in_BG_b, BAie B o g BiTents — BG boundary A B 5 &
{1st, ond 3rd, [4th’ 5th]’ [Gth' 7th], [8th’ 11th]’ others }

BGlength, o i Beg & A BG &3 A B F & 0 & S g
{[1,2...,7],[8.,9...,12],[13,14...,17},[18,19...22],[23,24...,27],[28,29...33],0th
ers}

POS2, #4(8 57)

POS3, #14(23 %)

Tone, ¥ 75 a8 (1,2,3,4,5)

Syl_in_LW, e & & LW(Lexical word)® ehi= % > &~ 7 3f(13# 5 (% - B3 &)
207 FN b AP E R WA 3k (B - B )4 Fo
R2:2FFhH - F F A2 FWeNH Z F F 43w F R = F F)

Breaktype, I AiE 5 & s o breaktype » 4 ~ #(B0,B1,B2-1,B2-2,B2-3,B3,B4, BE)

Breakclass,

% breaktype i % #f £ ‘&4 = #{[B0,B1] ~ [B2-1,B2-2,B2-3] - [B3,B4]}

Breakclass_pps,

¥t breaktype % ¥t /& pitch prosody transition =525 4 » #{[B0,B1, B2-3] ~

51




B2-1 - B2-2 ~ [B3,B4]}

Breakclass_gps, | ¥ breaktype iz %+ & duration prosody transition 3 - A5 A w FF

{[B0,B1,B2-1] ~ [B2-2,B3] ~ B2-3 ~ B4}

410 F F 4 R BT B HEA] e i R

Template(Unigram)

Breakclass_ppsn, Breakclass_ppsn-1

Syl_in_PW,

PWIlength,

Syl_in_PPh_fa, Syl_in_PPh_b,

PPhlength,

Syl _in_BG_f,, Syl _in BG b,

BGlength,

Syl _in_ LW,

POS2,

Template(Bigram)

Breakclass_ppsy

30401 3 £ 4R T @A) e AR R

Template(Unigram)

Breaktype, , Breaktypen.1

Syl_in_PW,

PWiIength,

Syl_in_PPh_f,, Syl_in_PPh_b,

PPhlength,

Syl _in_BG_f,, Syl in_ BG b,
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BGlength,

Syl in_ LW,

POSS3,

(Toney, Tonen+1)

Template(Bigram)

Breakclass_gpsn, Breakclass_qpsn-1

Syl _in_PW,

i B g it o

Template(Unigram)

Breaktype, , Breaktypen.1

Syl _in_PW,

PWIlength,

Syl _in_PPh_f,, Syl in_PPh_b,

PPhlength,

Syl_in_BG_fa, Syl_in_BG_b,

BGlength,

Syl_in_ LW,

POSS,

Template(Bigram)

Breakclass, , Breakclass,.s

\

432 E %

-fﬂ;y;,\p1 {55& ’}%% vf éﬁh

-~

B R A 42 80 LIRS - i
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% (Root Mean Square Error, RMSE) =& fg iz 2. p 2R i B % o 5V 4-3 5§ P £ 352 934

BN d AFtBEERLER d FATFRINZSIBEEER N 2 RF S

RAAREFERBLERFAFE NN e AR A RLETEE S LBFE R
Mebw B2 Gl M ARS B E - BRRAr BT 2 GEkd T 0 3 AR TP

BAA KD N o™
1 X i .
a =——> f(i)-¢ (— » forj=0,1,2,3 4-1
i N+1Z ()¢,(N) J (4-1)
He 5 f(0) 52 RipBAEHE > 0< j<N s N+L 5 RAFIp ehE B S ap-az » = A 2

i Y. 42, By s L N .
p(—) PR AIEIOBRMIANAR S A uAeT
N

i
g (—) =1
N
12.N - i1
¢1(—)—[ I#-[(—)--1
N (N +2) N 2 (4-2)
by BN [( ¥ ( )
.y —
"N (N —1)(N +2)(N +3) N
i 2800-N° \ 3 iy BNT=3N+2 i (N-1)(N-2)
¢3(N)_[(N —1)(N = 2)(N + 2)(N +3)(N +4)] [( ;- 2(N) p 10N? (N) 20N 2 ]
Legendre Polynomial
3 T T T T T T T T T
:
L E
T
_— - - J" _,-"
1 a — .
- . — ’ !
-
S - // £
£ . —
or ; //'\/ B ‘,’/ ]
; T P BN .
- ~
¥ T T -
T, T T e - ]
r— phio
e — — phil ||
S phiz
— - — phiz
_30 5ID 1 60 1 5ID 260 25|D SEIID 35|D 460 AEID S00

M=800 (h=0~455)

Bl 44 #EM 5 e Bl 2 ALK
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RMSE, =

(4-3)
RMSE,, = ! S (4-4)
20413 3 83 £ 2307 1A
= rrip ke I FE & i AE g &R
Duration RMSE 214 ke 215 B 214 PR
(ms) 10.8667 12.6225 42.1137 40.6476 45.3018 43.3257

2414 § &5 B 207 A

2 AEdR e Ry St SRR T
IFO RMSE R i3 PR g R e
00718 | 0.0693 | 04697 | 01584 | 018 | 0.1726

AR % 0 Bl 44(gps § & 7 B4 E)2 B 4.5(pps § B TR A )R RS R e 2 p R

>

fifrdt T L FEf & % % (B-est-qps, B-est-pps) i 7 £ # ¥ IF &5 2§ & 1% 47 (est-gps, est-pps)iE e
TR e B 0 B AR hi ST AT Y] correct-Btype & It FEiRie % % 0 est-Btype & i

B2 AT iR ARG > d A RBIT AR R AR AR B AR

W
T,
-
4y
~my

7
HAE R T R TF R BB R R R LR SRR
MuEES B Bl BIROAE Ra § BRI GRS Y BB ERLED
% o Ao FN(B2-2)% AR B S K (B2-3)3 A} 0 R 45 TFRED] 0 AL B2-2

IS AR EREE D G MAS BRI R ¥ B23 B A KRR
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right-gps & est-gps with est-Btype
T

16 rr T T U 70 U T T U7t U170 T LLLLLLLLLLLLLLLLLL‘L 3 3 T

B2-3 B2-1 B4 B2-2 B2-1 B2-2 B4 |

B3
r AN SO O O r S S O N S S R 0 Y Y S SN S O S S S S
V= BN SO = = = A7 O A SO TS S = = G S 1 S TN A S S DT = NN I N [ ST VU= = I A N

right-qps & B-est-gps with correct-Btype

16 rpTt [ t[Cr [t © U]l t[C [ U ]t [ [ © T (]t [ U [ 1T T Tt
14 — @ right
12 — —
Q/ —
&4 ]
- &
~d / B
Py B2-3 B2-2 B2-3 B2-2 B2-1 B4 B2-1 B3 B2-2 B% B2-3 B2-2] |
[ [ [ 0 N S O Y N SN o s L1 [ AN S O G S O O o B

r L1 r L1 S S S r rlr o rly
Ky T B0 B BCORT Z 2P O TR W R SR OBCOBR N SR A R R B & BY OE @) E T R K BE BN B 5 B OR BE

right-pps & est-pps with est-Btype
LA N s S

6171 T T TJ]U U T T T[]0 1T Tt ;;;right[
@
o
(o)
R S
&
Al .
ol B2-3 B3 B2-3 B2-1 B4 B2-2 B2-1 B2-2 B2-1 B4 B2-1|
. N S N S S N N Y N A Y SN SN OSSN N NN SN Y NN S NN NN N S SN N N N SO B
By U & BN ZE P B T ony WO KR BCSR OID MR A R TR &R E B E T R OR BE OB W R R OR RE
right-pps & B-est-pps with correct-Btype
TTT T T]U TJU T T T[]l [ T T 1 T[0T U T [ T]U T[T T [ T[]l ————r—
[ ——=— right
® [
o1
o
&
XN
QV
6
4l .
oL B2-3 B2-2 B2-3 B2-2 B2-1 B4 B2-1 B3 B2-2 B3 B2-3 B2-2| B2-1
. S N S S N Y A Y S SN SN (NN NN (NN SN Y NN S NN NN N S N O N O A
By T OHC & BN E P B s ony WO KR B D R A R T FE & R B E T R OR e BN R H S R RE



54 HZ R AL 2B b S AR P(XBPSL) AT AR Z B

-

APE AT HE R R A SRR L ZVFR T A B

Hoesp Bsd AWEA RGP & AFEEE > B9 N 4608394 s FHFRST - &

FEOREFF Ao F R ETR > FERENEP DL IR o AR

s
'D:
‘“J

K ZYRPEA AR T RAGED)E WElER AP -

145429 435 & 4 5 e ad 0T A SIEE o M ENE W ik AT 2 S aip ki

1)
o~

v e FEN > AV EIN AL B NA6 R R FE T BEF R ;‘gtt—m@"‘zﬁ

P-4

B R A A Y B RIS B APS 335 5 B BN o 44 B e APS ffpde > T

-—-\

HENERES GRS RN SEER EEs
BIF &G A T 32224 Rk EEAPRRAER I RES & A F &
EELE ARG A N AT AR Ry S ARE Ra 2T RF

FEIA R B N+L F1E A #r 250G W MSD 2 RS B L iR R

=i

R S G E G B - R RS F e ek ¥ 2

it
T
1k
\_.
<
O
O

o

1=
ﬁ}

E

SR R e R A B R ehg & AP R £ g GG B E R R A

I4

LA

&

b

T4

S TR IR - SRR B ) o 5 1 R B AT A

P R S BT R GE R B R W EE B HMM $ R FO B ¥

-

AT A KA B HMM S e FO & 30 B fs S RS B & 8k FO 2L F chg 4=

—\

Yoo RAET B blAgE - BFE (AT RS 05) 2 HBAARE TR G B J

ln_

B R 5 T SO HHCT - RBTRA G PSSR T H I 22 BT § iRk
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IR E T U AN SN S SIS T

f(i):Zaj~¢j(,\il—) for 0<i<N (4-7)

RN EA SR T - FRAPAETNL D EFBEEL 441553 B E

.m\?

i% 47 (Pause duration) #-3) » & &# 5 15 4§t chen T 52U S £ > 7 S A ¢ % 7 B2-2°B3
B4 = fpeh T oL P AERE S > B R n it Tk EE o Y 5 - e R
TrATRERERLER > Fdfm g Y EHHBRHLTER S B22 B3~ B4 = g
FERLEFES R PERTY LAES B L - Gamma 4 F o e A% LR L

G 0 B AR A BT T IO R S £ 4 B2 B AT R R

% 415 3 & R A R 8 b T s £

% HE 2 ) BO Bl B2-1 B2-2 B2-3 B3 B4

+ & (ms) 3 11 18 109 16 287 543
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FIF 63 A0 TEFER

FEFZFUBEFTAND D REIIL S B HSMM > 2 5 e £ 4 5Pl 2T A
LE BB BOT FOATET - LS F o AR T AL 2287 4ok

/

HSMM-based & = % %ot iz o
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Training Testing
\oiced Unvoiced \oiced Unvoiced
HTS-Phone 5.0519 4.5856 5.1730 4.7308
HTS-IF 5.0364 4.5495 5.1947 4.6977
PLM-Phone 5.1631 4.5607 5.2473 4.6819
PLM-IF 5.1020 45117 5.2196 4.6651
PLM-Correct 4.8336 4.4545 5.0487 4.6469
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T L T
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% HTS-IF
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o PLM-IF

- PLM-correct
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# 5.2 R 2 IFO RMSE

IFO RMSE(dB) Training Testing
HTS-Phone 0.1651 0.1726
HTS-IF 0:17 0.1815
PLM-Phone & PLM-IF 0.1862 0.1733
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% 53 ERIFEL 5 #5 £ RMSE

Duration RMSE (ms) Training Testing
HTS-Phone 47.3255 45.1842
HTS-IF 45.3939 42.712
PLM-Phone & PLM-IF 45.3018 43.3257
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AKX PN R R

Qs*
Qs*
Qs*
Qs*
Qs*
Qs*
Qs*

Qs*
Qs*
Qs*
Qs”
Qs*
Qs”
Qs*

Qs*
Qs*
Qs*
Qs*

L=B0" {*/ph:B0/*}
L=B1" {*/pb:B1/*}
L=B21" {*/pb:B21/*}
L=B22" {*/ph:B22/*}
L=B23" {*/pb:B23/*}
L=B3" {*/pb:B3/*}

L=B4" {*/pb:B4/*}

R=B0" {*/nb:B0/*}
R=B1" {*/nb:B1/*}
R=B21" {*/nb:B21/*}
R=B22" {*/nb:B22/*}
R=B23" {*/nb:B23/*}
R=B3" {*/nb:B3/*}

R=B4" {*/nb:B4/*}

L=Bclass1" {*/pb:B0/*,*/pb:B1/*}

L=Bclass2" {*/pb:B21/* */pb:B22/* */pb:B23/*}
L=Bclass3" {*/pb:B22/*,*/pb:B3/*,*/pb:B4/*}
L=Bclass4" {*/pb:B3/*,*/pb:B4/*}
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QS

Qs*
Qs*
Qs*

Qs
Qs
Qs
Qs
"PitchPS1to5" {*/p:1/* *Ip:2/* *Ip:3/* *Ip:4l* *Ip:5/*}

QS

Qs*
Qs*
Qs”
Qs*
Qs”

Qs”
Qs*
Qs*
Qs*
Qs*
Qs*

"R=Bclass1" {*/nb:B0,*/nb:B1}

R=Bclass2" {*/nb:B21,*/nb:B22,*/nb:B23}
R=Bclass3" {*/nb:B22,*/nb:B3,*/nb:B4}

R=Bclass4" {*/nb:B3,*/nb:B4}

PitchPS1" {*/p:1/*}
PitchPS1to2" {*/p:1/*,*/p:2/*}
PitchPS1to3" {*/p:1/**/p:2/* */p:3/*}

PitchPS1tod" {*/p:1/* */p:2/* */p:3/* *lp:4/*}

PitchPS16" {*/p:16/*}

PitchPS16t015" {*/p:16/*,*/p:15/%}

PitchPS16to14" {*/p:16/* */p:15/* */p:14/*<}
PitchPS16t013" {*/p:16/*,*/p:15/* */p:14/* *Ip:13/*}

PitchPS16to12" {*/p:16/*,*/p:15/* */p:14/* */p:13/* */p:12/*}

PitchPS3to6" {*/p:3/*,*/p:4/* */p:5/* */p:6/*}
PitchPS4to7" {*/p:4/* */p:5/* */p:6/* */p:7/*}
PitchPS5t08" {*/p:5/*,*/p.6/*,*/p:7/* */p:8/*}
PitchPS6t09" {*/p:6/*,*/p:7/* */p:8/* */p:9/*}
PitchPS7to10" {*/p:7/*,*/p:8/*,*/p:9/* */p:10/*}
PitchPS8tol11" {*/p:8/*,*/p:9/*,*/p:10/* */p:11/*}
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QS "PitchPS9to12" {*/p:9/* */p:10/* */p:11/* */p:12/*}

QS "PitchPS10to13" {*/p:10/* */p:11/* */p:12/* */p:13/*}

QS "PitchPS11to14" {*/p:11/* */p:12/* *Ip:13/* */p:14/*}

QS "PitchPS3to8" {*/p:3/*,*/p:4/* */p:5/* *Ip:6/* */p:7/* */p:8/*}

QS "PitchPS6to11" {*/p:6/* */p:7/* *Ip:8/* */p:9/* */p:10/* */p:11/*}

QS "PitchPS9to14™ {*/p:9/* */p:10/* */p:11/* */p:12/* *Ip:13/* */p:14/*}
QS"PitchPS3to14"{*/p:3/* *Ip:41* */p:5/* *Ip:6/* *Ip:7/* */p:8/* *Ip:9/* */p:10/* */p:11/* */p:12/

* *[p:13/*,*/p:14/*}

QS "DurPS1" {*/q:1/*}

QS "DurPS1to2" {*/q:1/**/q:2/*}

QS "DurPS1to3" {*/q:1/*,*/q:2/*,*/q:3/*}

QS "DurPS1tod" {*/q:1/**/q:2/* *Iq:3/* */q:4/*}

QS "DurPS1to5" {*/q:1/*,*/q:2/* *[q:3/* *10:4/*,*/q:5/*}

QS "DurPS16" {*/q:16/*}

QS "DurPS16to15" {*/q:16/*,*/q:15/*}

QS "DurPS16to14" {*/q:16/*,*/q:15/* */q:14/*}

QS "DurPS16to13" {*/q:16/*,*/q:15/* */q:14/* */q:13/%}

QS "DurPS16t012" {*/q:16/* */q:15/* */q:14/* */q:13/* */q:12/*}

QS "DurPS3to6" {*/q:3/*,*/q:4/*,*/q:5/*,*/q:6/*}
QS "DurPS4to7" {*/q:4/*,*q:5/* *1q:6/*,*/q:7/*}
QS "DurPS5t08" {*/q:5/*,*/q:6/*,*/q:7/*,*/q:8/*}
QS "DurPS6t09" {*/q:6/*,*/q:7/*,*/q:8/*,*/q:9/*}
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QS "DurPS7t010" {*/q:7/*,*/q:8/*,*/q:9/*,*/q:10/*}

QS "DurPS8tol11" {*/q:8/*,*/q:9/*,*/q:10/* */q:11/*}

QS "DurPS9to12" {*/q:9/*,*/q:10/**/q:11/* */q:12/*}
QS "DurPS10to13" {*/q:10/*,*/q:11/* */q:12/* */q:13/*}

QS "DurPS11to14" {*/q:11/* */q:12/* */q:13/* */q:14/*}

QS "DurPS3to8" {*/q:3/*,*/q:4/*,*/q:5/*,*/q:6/* */q:7/*,*/q:8/*}

QS "DurPS6tol11" {*/q.6/**/q:7/*,*/q:8/*,*/q:9/*,*/q:10/* */q:11/*}

QS "DurPS9to14" {*/q:9/* */q:10/* */q:11/* */q:12/* */q:13/*,*/q:14/*}
QS"DurPS3to14"{*/q:3/*,*/q:4/* */q:5/*,*/q:6/* */q:7/*,*/q:8/*,*/q:9/*,*/q:10/* */q:11/* */q:12/*

*1q:13/*,*1q:14/*}

QS "EnePS1" {*/r:1/*}

QS "EnePS1to2" {*/r:1/* */r:2/*}

QS "EnePS1to3" {*/r:1/* */r:2/* */r:3/*}

QS "EnePS1tod" {*/r:1/* */r:2/* */r.3/* */r.4]*}

QS "ENePS1t05" {*/r:1/* *Ir:2/% *[r:3/* *[r:4/* *Ir:5/*}

QS "EnePS16" {*/r:16/*}

QS "EnePS16t015" {*/r:16/* */r:15/*}

QS "EnePS16to14" {*/r:16/* */r:15/* */r:14/<}

QS "EnePS16t013" {*/r:16/* */r:15/* */r:14/* */r:13/*}

QS "EnePS16tol12" {*/r:16/* *[r:15/* *[r:14/* *[r:13/* *[r:12/*}

QS "EnePS3to6" {*/r:3/*,*/r:4/* *[r:5/* */r.6/*}
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QS "EnePS4to7" {*/r:4/* *[r:5/* *[r.6/* */r:7/*}

QS "EnePS5t08" {*/r:5/* */r:6/* */r:7/* */r:8/*}

QS "EnePS6to9" {*/r:6/* */r:7/* */r.8/* */r:9/*}

QS "EnePS7to10" {*/r:7/* *[r:8/* */r:9/* */r:10/*}

QS "EnePS8to11" {*/r:8/**/r:9/* */r:10/* */r:11/*}
QS "EnePSOtol12" {*/r:9/* */r:10/* *[r:11/* *[r:12/*}
QS "EnePS10tol13" {*/r:10/* */r:11/* *[r:12/* */r:13/*}

QS "EnePS11to14" {*/r:11/* */r:12/* *[r:13/* */r:14/*}

QS "EnePS3to8" {*/r:3/* */r.4/* *[r:5/* *[r:6/* *Ir:7/* */r:8/*}

QS "EnePS6to11" {*/r:6/* */r:7/* */r:8/* *{r:9/* */r:10/* */r:11/*}

QS "EnePSOtol14" {*/r:9/* *[r:10/* *Ir: 1 1/* *[r:12/* *[r: 13/* */r:14/*}
QS"ENePS3to14"{*/r:3/* */r:4[* *Ir:5/% *Ie:6/* <7 *[e:8/%,%/r:9/* */r:10/* */r:11/* */r:12/* */r:

13/* */r:14/%}
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