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A Study on Auto-Labeling Model for Coarticulation State
between Syllables

Student : Ching-An Chen Advisor : Dr. Sin-Horng Chen

Department of Communication Engineering

National Chiao Tung University

Abstract

As the computation power and the®memory.capacity increase, the corpus-base speech
synthesis system has become the best and most: popular:speech synthesis system. Based on the
system, the linguistic features are first derived after the text is parsed, then some appropriate units
are selected as candidates. Finally, the well-pronounced speech is synthesized by concatenating the
best unit sequence by the synthesizer part of system. In the unit selection process, the smooth-less
places of synthesized speech usually caused by choosing the units which have different context
with target units, or because the coarticulation effecting influencing. In this paper, to solve these
problems, we use MFCC features to construct syllable spectral model and labeling coarticulation
state between syllables in Chinese corpus at the same time. In this model, we have considered the
three kinds of affecting factors with syllable spectral: the basic syllable type of current syllable, the
coarticulation affecting from previous and following syllable, we assume that these three factors
are independent and additive. After well-training, the affecting factor patterns could have good
performance in model learning, besides the updated coarticulation states have reasonable
explanation by prosody features and linguistic features. This method can improve the performance

of synthesized speech by apply to unit selection process of using TTS system.
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TR A ST )Y T TR EE AR R R

B4 MPPH B4
B4 MIPPH B3 MIPPH B4
B4| pw | B2| PW | B3 PW B4
B4l sy | B2| sy | B3| syL | BI/BO| syL | BI/BO| syL | B4

R 38:FFFF A ESHER
B bR & 7 S & (syllable, SYL) ot AR R A E

;&= PR Y R (Prosody Word, PW) I &4 — B & BB 5 & 414 5 %

ot

= [¢ R 4 o7 enE =X & §p 2 5 3% (Minor Prosody Phrase, MIPPH) » #_d — i & #c i
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TREFATHEAS BB LA R 2T F (Major Prosody Phrase, MPPH) - F] ¥
“ro1 ¢B0 ~ Bl ~ B2 ~ B34r B4 i § & & ¢h Break Type > BO{r Bl 5 3 23 ¢ §
a2 iz4 > B¢ B0 L Tightly Couple ; Bl 5 Normally Couple - B2 5 §f =32
B2 o> kBAHPA T L A LS & (1)B2—1 1 4 &/ 5 Minor Pitch
Reset ; (2)B2—2 : 4 & @ % ShortPause» B3 5 X R {pEFF2 2 izdg » § &
R % Medium Pause > H i ¥ 7= &X' % % Medium Pitch Reset > B4 7 2 £ & %3
2 Rz izd > § & B 5 Long Pause » H i@ F 7~ ' %g ¥ Large Pitch Reset °

FT RA L 6 48 Break Type #-i 3 A2 R APiTenE B 2 34F 0 40T £
AT

# 3.6 : Break Type &2 §f =238 3 L $H R &
SRCRCEER: £ 1S Break Type

Cl (#3sar&pke) | BO

C2 (&3 A% ) Bl > B2-1

C3 (i A28 S i)~ +B2-2~ B3 - B4
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3.5 § &3 EFE S

AR B T B EIR LA (TR e E e 4

i
N N
P(0|C,S)~][P(o,|C,FI)~[ [ P(o,|C, . FI;"}) (3:3)
n=1 n=1
0. BEI|hg & F7 -

N: 2% &8 N=56653 -

C: @3 kiR

C/)

%__.ﬁ;‘:}%’ ;IJ o
FI,: Final-Initial pair » % 1 B 5 Sep* B2 5 n+1 B3 S Bige &

— AR IA AR TG s S A AR 4 de Tg 2 F zero mean ,covariance matrix

|

Vo 4 0 AR ~ Nl OVt 7 s 6 ] gl 5 A i

T AT N it

P(o,|C, FI' ) =N(o,:pg +1f, o +My o, V)

n-1° n—l n>~n

=;exp(—1<on—m>fv-l(on—m)j
P |vV| \ 2

(3.4)

b . .
He m=p; + ui}w o TRy oo D =96 supervector dimention -

fﬁi%‘i‘&;& fem o AT R Erfs“:]mﬁﬁi/,,\mHP(o’A C" LS % b
n=1

& ¥ (Likelihood Function ) > @ #% i/ p rr:,Ii L H Ae P FPRE S e & BRI T F

% 7% 4 @ ch covariance matrix |V o & (7 & HAS S A F 5 A S i E(Maximum

18



Likelihood Value ) » % 7 % & i fL{s & & > if » A28 H Jog-likelihood & o

N
w0 L[ [ Plo, | C) L S0 ) B~ f 254t #ic (Natural Logarithm) » #c8 38 4o

n=1

log{H P(o, |C,11,FI"+11)} Zlog[P(o |Cn1,FI””)}

N _
= Z log _N(Onéusn + ”;IH,C,H + lllf;l,,,cn ’V):|

n=

-3 loe - )IDVexp(—%(o,,—mnfv'(on—m»j]
=l T

—

D 1 1 Ty -1 _
{ 710g<27r>—510g|v|+[—5(o,,—mn> Vo, m»ﬂ

N
= - 22 log(2m) - S-log | V=23 (0, -m )"V (o, = m))

n=1

(3.5)

where D =96, |V |:determinantof V . m, =pug¢ +”n o +”F1 c ”

ET A APRAN O HARGERENR W SIEHERF 0,
3 &RFEFR llpz ¢ "% covariance matrix V iaihics £ AL F o gF

N
o0 z(on _"l)/;l,,,l,cn,1 R [;1,, .C, )0(S, =5)
Let =0 = ”*sn == ~ , Sei{l,2,..,411} (3.6)

oMs, 35S, = S)

n=l
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Q)% 3 §HEFE

N
00 , Z (On R ll[},wcn )5(F]n_1 = fi, Cn_l =c)
_ *f _ n=l
Let —F = 0 =p Ao, T >
B, e > 8(FI, = fi,C, =c)
n=1
where fi € {(1,1),(2,1)...(16,13),(17,13)},c € {C1,C2,C3} - (3.7)
Q)isf FHEFF .
N
0 D0, Wl o L, = fi.C,=0)
Let—=—=0=>p", . =2 = (3.8)
on e
1., D S8(FI, = fi,C,=c)
n=l1
where fi € {(1,1),(2,1)...(16,13),(17,13)},c € {C1,C2,C3} -
(4)Covariance Matrix V :
N
50 20, ~m,)
—=0=V =~ (3.9

ov N

=p, +p’ +p’
where m,, =p s e, T,

'

3.6 & B FFF i d

A 2Ll F B4 =2
SO T L

"

VP A ST REFE Y S 0 RFA L HER

AtE

-t

i NS s B E N e
(WA R &EEFF4 48

N
D (0, -0-0)5(S, =)
P ,sefl,2,...,411} (3.10)

g =

n

350, =)

20



Q)% 3 &P BF R b

N
Z (On - uSn - 0)5(Fln—1 = ﬁ’ Cn—l = C)
S _ n=2

uF]u—] ’Clz—] N N (3' 1 1)
Y S8(FI,_, = fi,C,_ =c)
n=2

where fi € {(1,1),(2,1)...(16,13),(17,13)},c € {C1,C2,C3}

Q)3 SRFAR 4@

N-1
2.0, —ng —nl, )S(FL, = fi,C,=c)
b n=
uFln,Cn == N-1 (3.12)
Zé(FIn = fi,C, =c)
n=l1

where fi € {(1,1),(2,1)...(16,13),(17,43)},c € {C1,€2,C3} » EF L& hH_» A5 &
AP AP ERXwf &R TR o 3 B ostates 5 (5 F R RTFR

o

FRRI|F & anis 5 B states (Initial £ 31 3. 1% states ; Final : {8 5 & states) o 7.2

4

o R ERRFIRET R SR T g
(DicBisz w3 FREFEA 4@

N

Z(On T VS(FI,, = fi,C,, =c¢)
n, o = (3.13)

Z 5(F[n—l = ﬁ’ Cn—l = C)
n=2

where fi € {(1,1),(2,1)...(16,13),(17,13)},c € {C1,C2,C3} °

QB is 23 R PF R bl

N -1
Z (On _l‘l'Sn igg(FIn = ﬁ’Cn = C)
b n=
Wi e, =70 (3.14)

Y S6(FI, = fi,C, =c¢)
n=1

21



where fi € {(1,1),(2,1)...(16,13),(17,13)},c € {C1,C2,C3} »

37 & BEFR L FE

EACA B AR BT A S LATE il LR E Q B Ih A i |

ATHCE AT

(DL AT 23 S PFHHS 5

N
D0, —ns; o (i=D—pj o (—1))S(S, =)
B, (1) === v (3.15)
D.8(S,=5)
n=1
where s € {1,2,...,411},i:1-th iteration °
DI EEY TP T Fo
S 36
. Z (On - l’l'sn (i))] 6(F1n—] = ﬁ’ Cn—l = C)
n, o (H="=—F3 (3.16)
z 5(F1n-1 = ﬁ’ Cn—l = C)
n=2
where fi € {(1,1),(2,1)...(16,13),(17,13)},c € {C1,C2,C3} -
Q)L ATt 5 P PF T
N-1
Z (On - uSn (Z))ggg(F]n = ﬁ’cn = C)
(3.17)

b . =
n, o (===

N-1
Y. S8(FI, = fi,C, =¢)
n=1

where fi € {(1,1),(2,1)...(16,13),(17,13)},c € {C1,C2,C3} -

w20 BT F e 370 &F =X iteration FFiR & { #7 covariance matrix V {5 4 it 2+

;]5
% log-likehood & Q » #c & ;N 4rT

22



(1) { #7 covariance matrix V #& ;¢ :

2 (0,—m, (1) (0, —m, (i)

V(I =i) =22 - (3.18)

Where mn (i) = uS” (i) + ll";[n_] ,C,,_] (i) + ul]),“ln ,C” (i)

(2) { #7 log-likelihood & Q # % ;¢ :

0() - Z[—%log(zn) ~~log | V(@) | -((0, ~m, @) V"o, -m, (z‘)))}

(3.19)
AP SRR T ReiE B R L ATHRsed R e (IR AL > T G T acik R E
P
O()—0(i—1) =|0G —1)|x10*,i=2 (3.20)
PR3 G OE R SR 2 P SRA B m Rkl en { ATE T4 3.8
Fp o
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Y | *
s S LT | S——
} }
FRTE e i%ﬁ%ﬁ%ﬁ@i‘}lf

nspeRE P || |2y !afmﬂlb %974 C

1 o H f_%‘rcmfe;riancc
Fs % F B _?p’ matrix V
] |
; o 22 i%ﬁ-
453 B ?Hlb Log-Likekihood &
L |
EE#E

WL R 1

R EAAR
B

HFERE
HEy1F

W3.9:3F & Vﬂvwﬁuﬁ@
24 > £X : -' =
3.8 { 3 erﬁ!?@ .&aﬁtﬁ v
UATR S 5 F LTS AP R ST
Fp oA E o (AT KA S

C" =argmax P(O |C,S)
2 (3.21)

AT L G B S R A R RIS PO]C,S) F Bt R

e kA C ok owip g rins C REF504
Peh O BEt o T R EE S (34):

24



0-3| - Ztoa2m)- Jlog V|- f0,-m, ) V (0, -m,))
D 1
—Elog(2ﬂ)—510g|V|—

b T /-1 b
((On - (llsn + ll;);]n,l,cn_l Ty )V (o, - (l‘s,, + !'1'1};1,H o, Ty o )))

(3.22)

{65 1 states > A HHF S RHPFFEPBEF & 3 B states A 75 F &7
juncture f b & 7 3 AP R Een s A AP E U ds PR & % E - B juncture 9
T F &5 B states ORI B2 15 F & 3 B states i enfe A O A

2.0 PRESEY % n B juncture @ 3 0 AP e p mf]h{JQ F Q, ik x E e

30 H - 3 S 803 Plo, |Cr 8y R3h 2 HE - 2 S pmmiEs Qo
H 8 N ik e
D 1 1 - b Tx7-1 f b
0, = —zlog(Zﬂ ) _Elog V] _E(On ~(ws e o TR ) V(0 —(ng TRy o FRE o))

(3.23)

AP E N 3220)% O I TEREN AT

d 1 B 96
0,-Y (_zlog@;z)j ~3loe V) 15 (((0, ~m,) "V o, ~m,)) )

d=37
1 B 36
+ Z(—Elog(Zﬂ)j —log | Vi | —5(((0,”1 -m, ) V'(0,,-m,,)) )
(3.24)

+"FI .c, ° AT Y 0 5T R el R AR ek

n-1s nl no~n

wherem, =p +nl,
A i 4F s 4e F Pause Acoustic Model P(PD,ED|C) ehgf B4 > — A ksl 3 2% Bk
£ chjuncture i ¥ # energy-dip & € 28 ¥ Pause duration $4E 0 F 2. R R o U TF
% Pause Acoustic Model P(PD,ED|C) #c5 ;¢ :
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P(pd,.ed,|C,)=g(pd,;a. . p:)N(ed,; 1 ,0L) (3.25)

where

pd, : pause duration between n-th syllable and (n+1)-th syllable
ed, :

, . energy-dip between n-th syllable and (n+1)-th syllable
Bois A AT L B N (323) T AT R T B S
C', =argmax(Q, +log(P(pd,.ed, | C, =c))),c € {C1,C2,C3}

(3.26)

pen
e

TR AP T 0 LA PR et £ E P B E] A

9

Helhse o %R AL 0 A e g % o
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FrE¥ 3 EHARREEF A

AEY FHRSEZLATAE G A

BN LAY BB FE 0k 2,

A

SR ARG R A

LA PHENEELRELFFF B AR E2L %L E (Residual
Variance) K L2 & B8 F) 2 1 Lenfe B - o o 4R TIE A P A AR B s
A fF g = & zero mean ,covariance matrix V @ #f A oo 4 ;I;L, g
R~N(r;0,V) o @ 57 Lis> &7 » AP & ApEs S 34

(DRO @ Rsprff 3 eng & $4c < gl doif e B FFIR - 445

S A
L

RO~N(r,;0,/0|r, =0,

(4.1)
QR : 3 & 285r 4 R A AR @RFAR CopApE > BHI A HaoT
RI~N(r,;0,V1|r, =0, —p ) (4.2)

G)R2 : 3 & 3ty g A+

0

3

X P SEE R AN

iy

>

35T L REEL AR S
B HEF o Hao™ o

R2~N(r,;0,V2|r, =0, ~pg —Bf; o ~Wiy ) (4.3)
AP K MFCC 12 e S icen A R 8 5 Ap 1 R eh o 970UV P R F BT

Y

Residual Covariance Matrix 2 ¥t & %} enig > ¥ ¥ 5 7 f ¥4 7 S8 @ & state

PR A PR AR LB E - B ostate 12 B S BB AP 4ot

T T Bl 4.1 ¢ AP ReE 2 K 8T 2 Residual Variance :
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30

VO
VY

25} 2 I v2 |

20 7 \\\\\ i

151 .

10} T

5*77 /:///,//‘ 7777777 =

O | | | | | |
1 2 3 4 5 6 7 8
state
B] 4.1 : Residual Variance 2_ ‘“ §& (]

@ %A PRIY VY MESRY BRESSRE 2R SA g &Y &
W {5 &2 state #rE DRUEARR BB 0 20 MA T F EF R B

¥]% ¢ Residual Variance i% 4 7 Peefndésfir™ & o

ER 4l PRI T R R e RPF R LY Ml TR o w g
bR Y s (3 BB TR R S LR B W T Al

BF Mo BT ALY AP h AR REEPBTELM G -

4.1 # 4B BFF 2 A 17

NN
=¥
&
—
Y

4.1.1 A~ 438 3 K B S B S

FEEAY AP RAR B ERENRE SR I REF M A BT %
i r L

SR REE ST R PP AU AT - B SR LM

EAN AN Rt il e R e

\“Xr
Gl
wm1
rj‘\ M
f-tsv
:¢
[e=d
"H
3
g
RS
=hg
o
=
it
Y
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(4.4)

23§45 RAARIERETEIED B ERERNR SRS E - 2

P % — S b
R2 ~ N(rn ’O’ V2 | l~n - On B "IS” o uF]H o "I’FI”) (45)
AP UF AT E & 05 & 804 2 Final-Initial Pair .7 % gk o BF

At s ff % & T Residual Variance #hZ £

?5 T T T T T T
— —1 e
TH - W2 P
—-—2
6.5 / .

55} / ,f -

45 /// .
s

J3ar

e 1
P

-

state

@ 5447 EHBIAPT 'F" I E S Jﬁi @ 4 2_ Residual Variance ‘¥ £2 V1 +* i
S V2T HEARRRY2 S 0 ) 0T TR Y Rl R Y £ o

B H A T
412 7 i3 K G AER R ER S 7
A2l @A td I REHRH S RESPE AP ERLE-
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EFRFARRGIHRED F o (T2 4o ™ o7 e

HYEBEFRLER A PRTS 3 ERBE BT - 3 & T i3 R

S
5

3
TR

% 3% > & & w)t ik B Residual Variance V1¥# Residual Variance V2 » B

PELTRBMIGET SN EPEFTNFEROL B T LR RS

F RS KRG S CL o ostate T 3T % (.67

5
—— V1
48 - V2]
46k 1
a4t . |
\\
421 ™~ i
\\ ,

4l ~ m
38} TN _ |
36T T e—
34} ]

3 | ) -

1 2 3

B 4.3::8 3 ;& i 5 C1PF Residual Variance V1 22 V2 5 3 states 2_ V" i [B]
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FpERF LS C2: state TIT 5 0.36

5
—— 1
48+ -
4.6@\ |
44} h ~ |
-
421 ~ _
M
ar A w
5 ™
38¢ h s |
I ‘_“n“! “"‘““--———.-——h*—w_ |
N e ]
32+F -
3 1
1 : |

B 4.4 @ i@ ki 5 C2 P Residual Variance V1 & V2 % 3 states 2 " 2 [f]

=
- 5 ;

Pl = 5
== ek

Sy R C3: state T 5T i 025

X . b 1
5
—— V1
48f - V2
46} -
44 i
421 4
49\\ —
o ~.
38F . -
S,
4 H'-—.,_\__
6% - .
34}t R~ 1
32} s SN _ T
3 e ks
1 2 3
state

Bl 4.5 : i3 % & 5 C3 PF Residual Variance V1 £ V2 w 3 states 2_ +“ # B
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@itk AT I K IBAPFRDF FHEEF R DI REL Cl 77— #F2

Residual Variance T "% t§ & & % > @ il 5 ;) i 5 C3 78— #f 2 Residual Variance

m

THEARS  EBREEAP R AARKENE D FREL -

B EREFIRLER R APL B RIS - 3 &R
il F Rk e A 5 3 #7004 wt i H Residual Variance V'1¥£ Residual

Variance V2 > B end 5 7T BN 3G o § @R ERFZEMOLBE

mly

TRRERSEEE ST

kM : Cl: state T37 % 1.31

10

—— V1
gl ---#-- V2

-----

2 1 L 1
6
state

B 4.6::% 5 ;& i 5 C1P* Residual Variance V1 #2 V2 & 5 states 2 t* i [§]
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AR C2:

10

state L 32T *5 (.99

—4— V1
gl| ---#-- V2

a

2 - ' L

6
state

& &
- — o )

o

R O3 f'gg.a'té T a7 % (.68

10

Bl 4.7 3§k i 5 C2PF Residual Variance V1 £ V2 {8 S states

2_ vt )
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Bl 4.8 © 1@ & i 5 C3 pF Residual Variance V1 2 V2 14 5 states 2. +* #[§]



Vo~

QL5217 I K BAPFREES FHEFE G RAES Cl 7i- #2
Residual Variance * *$ g & B % > @ fid § B ik 5 C3 78— #f 2 Residual Variance

THIERR  EREERP G RRRKERN L L EREL -
418y Apv g Riptd g i a7 a3ty

%9 i® Residual Variance T ' > drptz h 2 Fand g ARR Y & N AR DA ok

%ooomipd EAPF Y AHA RS R ARSEE I T 42 9 AT A
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42 WA kB BB E 2 A

1. P izl iE

-3.75

-3.85

log-likelihood
)
[(e}

-3.95

L | | L L L
20 25 30 35 40 45 50
lterarion Times

-4.05
0

B 4.9 log-likelihood'i& Q 2. L #7¢ &

@ 5% 447 1 L B A 3 IR log-likelihood & Q sira g ¥ € 4F { ATiRH >

2OF R F &I b ac -

2. Residual Variance 2 *“ #& :

A B R A 450 & 07 e acié <9 Residual Variance # % > 4o B 4.10 ©
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NN
S

B2
P

5.5

4.5¢

***** V2 - Initial

—e -V2 - Conwerge

350 . y |
\\;\*\\\x e
T — gt

3L \./ B
25 | | | | | |

1 2 3 4 5 6 7 8

state
B] 4.10 : Residual Variance V2 2_ " &[]

VAR R e o

'

12

P42 ) E AT AR S RO

ik IR o

36

Residual Variance & %t

=
E]

AR A RS ERET



421 7 PR E K EAFEHETL LR L7

WEid 3 kA S Cl o ostate T 3T 5 1.04

5

I —a—- V1
1 RN e V2

.
461 “ |
N
441 \\\ |
.
4.2} ~ ]
.

T N . i
38| ~——_ ]
36 |

+ra
34 e |

3 11,. .................... e -

1 2 3
"

Bl 4.11: 383 % 4 3 CLP¥Residual Variance V1 & V2 # 3 states 2 1 # ]
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W@ kA S C2: state T 32T % (.55

5

— - V1
48t Y
™~
46L J

44t ~ i
421 ™~ -

al ~ i
38F .. ™~
36} — ]
34} -

! ...,..‘..x.m..\.........-ge

Bl 4.12::8 5 k5 C2pF Resjidual Variance V1 & V2 T 3 states 2 v 2 [B)

¥ Ef 5
R RS C3 1 state T 357 % 0.23

1
Floy s
.Ill'

5

— - V1
48t e v H

461 -
441 -
421 -

4%. -
38} ~ -
Foo T
36F e ~ i

34| .

32| *-k- —

2
state
B 4.13: 18 3 ;& i 2 C3 pF Residual Variance V1 ¥ V2 3 3 states 2_ +* #2 [
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@ L5 4 K ITBAPERHZEEEFNE LRI RLEL ClL /- HF2
Residual Variance T "3ty & % » @ fu § & 5 C3 78— %52 Residual

Variance T % tg R " > BB AP AR AR kRS PR o

BEEBETR LR RO A PRES SR> 1T LR

Wi E RS Cl:  state 39T 55 2,99

10

— % V1
gLl e v2

B 4.14 3 3 ;& 5 C1 ¥ Residual Variance V1 ¥ V2 {4 5 states 2 +* #2 [
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W@ kAL S C2: state T 9T % 1.82

10

— - V1
gl| -*-- v2

B 4.15: 3@ ) i 5 C2 P* Residual Variance V1 £ V2 {5 5 states 2. +* §i[f]

= £[5)
ke AR s O3

state T ¥ % (.64

10
e
gl ---#-- v2 A
gt 4
7+ J
*_
6} PN i
- ~
St - 4+ ]
- ~
L - +
4 - ‘ .
// 3 ra Tk
ab ¥ 1
2 1 1 |
4 2 B 7 8

B 4.16: 1@ 5 ;i 5 C3 P Residual Variance V1 22 V2 {& 5 states 2_ +“ # [§]
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@k AT BIAPFREE &RHEFF & 5 C178- 552 Residual
Variance T "$tg B B % > @ fid § KAk 5 C3 7R— #g 2. Residual Variance * ' t§
Bl oo

CHEBRZF R A KRBT R L AR & & NP AIp eng S0 A7 153
ZREFFZ G AEDFE Yk o U T 43 80 Bt R g R e

e

\\\Xr

e~ 3F T Rl T ePB B -
4.3 i3 F K52 & 7

A A RSB R R DE R R

A i L AR il 5 S & o prosody break type 14 % 3 S¥cz B ehbd B o
431 35 & ~ g a3 op e

1. Energy-dip 4 #7

fe { AT F kB PFA P 3 40 Pause Acoustic Model &k #if B4 5 A7 i Am St
o B ELRIE R 2 AE 2. 3 483 F K & B 7] <0 Energy-dip ~ Pause duration 2

discrete probability ~ ¥ °
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(Dip @ F R E A7 -

Energy-dip discrete probability - C1

0.2 T T T T
,'\ [
01+ M I i
A [
|
0 1 1 J | N \ /\1 J “y A 1 1
20 30 40 50 60 70 80 90 100
dB
Energy-dip discrete probability - C2
0.2 T T T T T
0.1 B
0 1 I 1 1 1 1
20 30 40 50 60 70 80 90 100
dB
Energy-dip discrete probability - C3
02 T T T T T
0.1 B
0 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100

dB

B 4.17 : §p 2% § & & 2 Energy-dip discrete probability 4 i# ]

QFFFEFRER ]

Energy-dip discrete:probability - C1

0.2 T T T T T
0.1 B
/T ~ \/\H/\ \\/ —~7 \/ e _”’ / I | |
20 30 40 50 60 70 80 90 100
dB
Energy-dip discrete probability - C2
02 T T T T T
0.1 B
0 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100
dB
Energy-dip discrete probability - C3
02 T T T T T
0.1 B
0 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100

dB

B 4.18 : #4385 ;& ix 2. Energy-dip discrete probability 4 i B]

@ 4%/~ 4 B4.17 ¢ Cl ¢ Energy-dip 4 i 7 % 45~70dB 4p #3t C2

C3FPEAR LRAIS? 3HAFRELBMIC] c S5 FHTIH S

e B 4p #>T Pause Acoustic Model 2 #2584 2% > ¥ B % Fr 7 4o P IE )
AR
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2. Pause duration 4 5

BRI RERZ]

@5k 4~47 1 B 419 7 Cl~C2 2 Pause-duration #f ¥ % 0~20ms > C3
1 C1~ C2 Ap ke % A 1 |

Pause-duration discrete probability - C1
1 T T T
05/, i
O “‘ ““\ A L L 1 1
0 20 40 60 80 100 120
ms
Pause-duration discrete probability - C2
1 T T
0.5 T e
0 A L L 1 1
0 50 100 150 200 250
ms
Pause-duration discrete probability - C3
0.2 T T T T
0.1+
0 100

200

300

T T
M““HHAHHHAHAHH.\AMAAHAMAHMH\MHHAMu“u““ |

400 500 600
ms

1
700

VL RS-0 PO

B 4.19 : §p 218 F & & 2 Pause=duration *, discrete probability ~ i+ ]

800 900

200 300

Pause-duration-discrete probability - C1
1 T T T
0.5 _
O “‘ A 17N 1 L - L - L
0 20 40 60 80 100 120
ms
Pause-duration discrete probability - C2
1 T T
0.5 X R
0 A L L L L
0 50 100 150 200 250
ms
Pause-duration discrete probability - C3
0.2 T T T T T T
0.1+
0 A‘HH‘1H.MHHAAAAHAHM\AMHHMHHMH TSV L
0 100

400

500

ms

n 1 1
600 700

] 4.20 : #7 3¥ 4 F K fx 2. Pause-duration discrete probability 4 i# ]

2

X

B om@4202 C1~C2 ~C3 ~
" C3ERFHECI-C2RaAL BN -
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4.3.2 Break type 224733 3§ 5 2 A 47

A i %% break type 247 dF i@ 5 ok G 20 P B Bt hRf %k 0 12T 5 Break type
s R R - 2% 3 3 AP EAK B0 A Cl; Bl B2-1 &85 C2
B2-2~ B3~ B4 RIEHE C3- 7 &7 rjedaisde o @ B3 () "R Rl

1E5 () "4 7 Fl T~ fé break type ¥+ &3t 3 fAid F R L2 B P A o

#. 4.1 : BreakType £7 47 3% if 5 ;) i ¥+ %
2EHkE | 2 C3
Break Type
B0 (4039) (1894) (1657) (488)
(46.89%) (41.03%) (12.08%)
Bl (32623) (7425) (20463 ) (4735)
(22.76%) (62.73%) (14.51%)
B2-1 (4641) (724 (3205) (712)
(15.60%) (69.06%) (15.34%)
B2-2 (8707 ) (520) (2182) (6005 )
(5.97%) (25.06%) (68.97%)
B3 (3432) (14) (93) (3325)
(0.41%) (2.71%) (96.88%)
B4 (2782) (1) (46) (2735)
(0.04%) (1.65%) (98.31%)

@ £5% 4,47 1 BB MAF - 8 break type 2. #ic® | A v A B(ALP T e
Fe) Pt Bl 5 R A P A F 3 F A2 T break type & B 2 3N A4p e (B
BRI AR AT ) o iB i R P I §) = S diciRie 2 break type frit

BH S EET2 AT R 2B AR RE > SRS 5y Bt S

A Sl B F R EARR M I o gttt APERT g D s p v

M B3-B4FpuNZ B AV BB S~ m BAsgR 2 g g AV EKES ] 0

£ 3% {r break type A $gpFe> 545 B o
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2427 P FEREERMB2ZTHEEEMmS) G & T ROFEETE LS AR
EURECIELIE S
_ r
sd,=sd, + g + 4, (4.6)

where S, : basic yllable type
t, :syllable tone

3420 TR0 L eSS R EH L

cC.| c1 C2 C3

-1

C1 |-264  |-124  |223

Cy  |-182 |72 24.8

c3 |-187 |61 19.6

@At 242 VUEEAARAR A F L Ld I REY s ClaB s

Ehme S E Fet Rk o Y EEF R RE I RS R LA P

B Kt o A B TE G SRR

23 o > ) A gk o] AR N\
4.3.4 AF 3R g R A & AR AR AT

BB PO R EoF T Sl BB T s Am A S G A KA
G E A UE T R T ARG AR AEN F -

4341 3B

RREE? 25 I8 BRI H P Ql~Qll %5 - B juncture o § & 2

570 10 % juncture 5 & cn B 57 k1T LA AFART AT 5 Q12 ~ Q13 At
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juncture FNAa 1 P ez B K 1T R 4E 5 Q14 ~ QI8 E_ %3t juncture 2. break type

A5 AL -

Q1: #= &% % [z(Nul)] ?

Q: 2+ ZE 5 [90)]) [2D)] [K(»] ?

Q3: ¥+ A% 5 [COI UM [TEI[76H]I-[4(6)] ?

Q4: #+ A3 5 [Mm]-[F7m]-[HD]1-[E®] ?

Q5: B+ A% 5 [K@] [4(ch)]-[H5()] ?

Q6: #+* LT3 [ [£0]1-[F®] ?

Q7: &+ L7 5 [U@I-[2Em]1-[T(2)] ?

Q8 : ip* E_F 5 Hip* (Single Vowel) :

[- DI [A(wW)]-[Tuyw]l  [Y(@] [T - [£(@E] [H(Eh]-
[JL(en] ?

Q9 : #p* & F % 47 4p* (Compound Vowel)
[7@)]~-[\(e)] [ 2G@0) [ R(ow)] [~ Y(ya)]-[—H(ye)]-
[—%(ya)] [—%(yao)] - [=R(yon)] - [— T (yo) ] [ A Y (wa)] -
[AT(wo)]~[ A% (wai)]~ [ A \(wei)] [t (yue)] ?

Q10 : $p* 2.7 5 # 5 % & §5* (Nasal Ending Vowel) :

[F(an)] [ (en)]~ [A(ang)]~ [ L(eng)] > [—F(yan)] > [—5(yin)] >
[—A(yang) ] [—L(ying)1-[ A F (wan)]~[ A 7 (wen)]~ [ A A (wang)] »
[ A L(weng)]~[u 5 (yuan)] ~ [L 5 (yun)] ~ [1 L (yung)] ?

QI : #p* A3 5 % /5 (Medial) :

[- Yool - [—¥@e)) - [—%(yaD] - [—%(yao)]~[—R(you)]~
[—5@an)] - [—5(yin)] [—A(yang)]~ [—L(ying)]1- [—=T(yo)]~
[AYwa)]~[AT(wo)]>[ A% (wai)]~ [ A \(wei)]~[ A F(wan)] -

[ X 5 (wen)]~[ A A (wang)]~[ X L(weng)]~ [ & (yue)]~ [ L1 5 (yuan)] »
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Q12:
Q13:
Q14 :
Q15:
Q16 :
Q17:
Q18 :

(U5 (yun)]~ (L L (yung)] ?
juncture = ¥ & % % inter-word 2. FF ?
juncture £ F piRBEE HLiE
junctureZ_ Break typetkiz = B0 ?

B0, B1?

i

juncturez_ Break typetk:z

junctureZ_ Break typetk-:z 7 B0, Bl, B2-1?

FiR)

B0, B1, B2-1, B2-2?

i

juncturez_ Break typetkiz

juncturez_ Break typetk:z = B3, B4?

4.3.4.2 - R RS B iE

root node N : data num
(N,E) E: entropy

S
Y _~"Question ~ xN

s
T

leaf node leaf node
(NL,Ey) (N,.E,)

B 4.21 @ A K HEHA 7N R B

+ Bl E A A2 B o root node fARRiE- BRAEISALG DE R E A

@ FF > rootnode & Zf R i T3 R AE B (question set) R AL {5 5 12 information

gain B * 78— BRI RAH > AR EE RN EES o AR 2 B iE

L TERE

1.% node » erdc® N < XPFFizak &4 o

2.% information gain < Y PFis b & 4 o

47



SRR IR AL -
information gain & ;% 4cF :
FoARMAd EREAPT U RRE Bnode ¥ A Pl R EEC 2 B

11 2 entropy :

3
E=-1x Z%x log(%), where 7, is numbers of C, °

(4.7)

N2

N,
information gain = E - (—xE + —2xE)) o 4.8
g (N 1 N ) (4.8)

BiEAL A 92K Z_X=3000 ~ Y=0.007 » »2 7 5 A K AA R
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o35224 | — Data number

Q16 : Break type in{B0, BI, B2-1}?
_» Percentage Q14 : Break type is B0?
of number Q17 : Break type in{B0, B1, B2-1,
B2-217

Q1 : Initial is NULL ?

od3 Q2 : Initial in {b, d, g} ?
1 [ma1303] X QO : Final is Compound Vowel ?
0.3 0.5 Q3 : Initial in {f,h, x,sh,s } ?
0.5 — 0.4 . : G
o oa 8%3 : '{ Nasal Elr)ldlng Vc;we] 1 ? 15
i 0z :Juncture between Interword
03 ) = o e
e = Lol T o o
T~ —
nod4 Q4 ™~ _nod5 nod Q17 "~ inod7
o Ews . [Emw | bm@ | [beul
0.5 05 ] - -
' ' a4 0.5
04 :I_’:" 04 e 0a
9z 0z —l—I— - |—| o
0 ! [ g . A L= ! g
ooa o oo oo oo o ol T o T
nod8 o1 ~ Pﬂ_d%
o D 5422 AR CET
a6 06
0.4 0.4
92 0z
o diiniN
a2 o npnodl Cl ] nodl1
o 0 6300 Q2 Us"““‘nzsytz
05 — 06 -
04 04
0z —l—I— ﬂ ’» 9z —l—I—
a . 0 ! Nl
¢ = © npodl12 *° o) = nodl13
0 o &155 . E‘““ -a [0 18787
06 [ 06
a4 0.4
0z 0z
UL = LA
1 o o oo o
nodl14 ﬁ . nodl5s
0.5 [pere] ) st -a [ 12od]
0.5 — 06 1
04 04
0z 9z
gilmins giinin=
1 o a @ o
5 ~
nod16, Q10" nod17 nod18, Q12" nod19
o o 3106 0 0361 0 Das11 o 07393
045 045 = 0.5 1 0.5 W
0.4 ] 0.4 0.4 04
0.z 0.z 0.z 0.z
o L S Ay LA Ul m
ol N o B o Lol N o S o a @ o Lol N o S o

Bl 4.22 ¢ ik fs A XA A B
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o5 o7 !

WA ST Bl S B (nod) P B F KRR ZHKER A oE D 2 fcz [ R
Eaﬁlrio
A4 1(Q16) :

#_—nod 2 : Break type #3¢ % B0 ~ Bl ~ B2-1 2_ juncture > H &t § & 25 C3 #&& &

N
72 o

% —nod 3 : Break type %3z 5 B2-2 > B3 ~ B4 2_ juncture » H ift § A8 C3 # & &
% o

o dr 1t AP F M EF IR nod 3 5128 8L (root nod)z. + i Ff (subtree) ¥
a8l C3 B lcd 55 nod2 519882 F L Y ahd gk C3 Bk Cf
7 nod 10 ~ nod 18 » /& F] i)

A3 2(Q14) :

# —nod 4 : Break type %3z 5+-B0 2 juncturey Had 5 kit Cl #ic® & % -

% —nod 5 © Break type %3z 2 Bl vB2=l-2: juncture » Hig 5 8 C2#cE 5 5 o
A 4% 3(Q17)

¥ —nod 6 : Break type %3¢ 5 B2-2 2_ juncture > H i 3 ;& 1 C

(98]
Gl
g
b
I

% —nod 7 : Break type 3¢ 5 B3 ~ B4 2 juncture » 2@ § H i C3 g5 % -

a

o4 2,3 | 2 EET 41 F5 L% o

i
e

\\?‘;r

i

)

A4 4Q1)

nod 8 ¥ nod 57 B 57 B 285w 0 A N R A B (voised) B

-

A o it de g B (unvoised) B KRR F FHT - B S 2B H&onod 8

PC3 BB A g
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A1 5(Q2) -

nod 10 £ nod9 @ = 29~ 7~ K G2 4% » a N F* 5 FPL el
F2OBAG TR E B R AT SRR & nod 10 ¢ C3 2
BEFAVERST > miEs ALY C3BEIClLORT] -

A 376 (Q9) -

nod 12 & nod 11 ¥ §p# SA4F3p* 22889 A MR TR FF I F 2 E5 2K
PFRA B - B dnod12 ¢ C3I2ZHEBETF A € EIL o

A3 7(Q3) ¢

nod 14 & nod 13 ¢ » B* ST~ ~ T~ 7~ L2 BEg o T p$HE & 8]
A OREAE S S RERL o knod 14 Clz#BF AV §# B -

& 37 8(Q10) :

nod 16 €. nod 14 # 35+ 2 A5 G L v a ZER*F I H 2282 5 2K
s BRI - B3 & Znodl6 P TCIz T F A €4/ F 5 FIZ o nod 17
dOC3 2 BB A g

A3 9(Q12) :

nod 18 #_nod 15 * juncture = % /&>% interword » Ap¥#>* = ¥ % intraword 2

ml4

juncture #t FF %@ {5 F &R BEC] o vanod 18 ¢ C3IZHEF AV 4B 0 @
Ty AL 1P C3BHEIClhR T FE onodl19? C3I 2T A ¢

" o
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$IF I EHBBEAREY

FERFFR LT PRI REFS G TH R § 3 R PA o det 2 4

ﬁ%ﬁ%%%iﬁ@ﬁﬁﬁﬁuiﬁé%&ﬁbﬁiﬁﬁé€ﬂ¢%%°

R s B EBEFR L IR ES T R A 2 uE 0 A R
£

P 7RAET KA 18 F SR T)F & T syllable-pair

e
)
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[}
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5
i
—

AR e ePR R C geRe R S E N L A nE R H gk

52



9‘&%’—@;}%

[1] Chen-Yu Chiang, Hsiu-Min Yu, Yih-Ru Wang, and Sin-Horng Chen, “An
Automatic Prosody Labeling Method for Mandarin Speech”, Interspeech,
Antwerp, Belgium, August, 2007 o

[2] The HTK Book (for HTK version 3.4)

[3] WaveSurfer Homepage : http://speech.kth.se/wavesurfer/

[4] 2" > THFEF AT > 2EHHERT AR, L2220 o
[5] tRéep »T g SABEFHPEY 22 afiEd (s E 2Ty 0 R
ZRAAFRLH VR LA EL Y

[6] #%3 TEFFR LA T R R < FAELm 0 AL S
= EA4 T o

[7] ek 09 2 H@2z fpEf g 0 M2 @~ Smims > AR -
= FE S o

[8] M.Chu, Hu Peng, “An Objective Measure for Assessment of the Concatenative

TTS Segment ”, Microsoft Research China , 2001 -

0] HREE TUFHEAAHL Y 22 a@EFS AR R < 5/
A s A4 LT ENT o

[10] Jun Xu, LianHong Cai, “Spectral Continuity Measures at Mandarin Syllable
Boundaries ”, Key Laboratory of Pervasive Computing (TsingHua University),
P.R.China °

[11] Xuedong Huang, Alex Acero, Hsiao-Wuen Hou, “Spoken language Processing

a guide to theory, algorithm, and system development”.
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93 74123 5% 153 04 183
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97 WX 127 35 157 & k& 187
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