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Student : Chiao-Hua Hsieh Advisor : Dr. Yih-Ru Wang

Institute of Communication Engineering
National Chiao Tung University

Abstract

In this thseis, a new approach of-Mandarin-speech prosody modeling to consider the effects of
speaking rate is proposed. The approach is a modification of previous prosody labeling and modeling
(PLM) method to take ‘speaking rate as a continuous independent vaiable and let prosodic-acoustic
features and some parameters of prosodic models depend on it in order to_account for its influences.
A speaking rate-dependent hierarchical prosodic model (SR-HPM) .is hence constructed from four
speech corpra of a single female speaker with four different speaking rates. An analysis of the effects
of speaking rate on the model parameters showed that they agreed well with our prior knowledge. So,
the proposed approach provides a systematic and effective way to quantify the effects of speaking
rate on Mandarin-speech prosody.

Last, an application to the prosody generation for Mandarin text-to-speech (TTS) is proposed.
By using the well-trained SR-HPM, a speaking rate-controlled TTS system that can generate fluent
speech for any given speaking rate is implemented.The subjective testing results indicated that the
proposed methed was significantly better than the conveninal ML-based method for fast and slow

rate.
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e y +  Slow . hing
o o 03¢ = Fitting Curve | + « +* i
[ [
(7] (7]
0.2
0.5
0.1
0.3 0.15 0.2 0.25 0.3
SR (sec/syllable) SR (sec/syllable)
(a) (b)

B2.5: ()4 E 235 # T 100E vs. SR+ (b) 45 2 35 9158 £ vs. SR
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B 2.6 T Rbepd et Rischpd > hpt s = f35 &R REZ PN F R (intra-word) ~
LAt gE 1 539 ¢k i B (non-PM, inter-word) 2 2L 5 520 F 18 B (PM, inter-word) - o Bl L% ¥
Fosbgh e R E B DR

)
-~

% 48 inter-word ¥ % ¢ pd > @ intra-word & ¥ X SR §. 37
RERM T ESALR > LEEBERAD

e
F‘u)’r’ o

Bl 2.6 5 & % %(a)intra-word, (b) non-PM inter-word, (¢) PM inter-word 9 pd (1} )fe pd’ ()

vs. SR o (y-axis: pause duration(sec), x-axis: SR(sec/syllable))

233 § §AFPA2 FE TR

A G B & I B 7 % B B (orthogonal expansion) [21] > £ F 3w ® Legendre %

T
BARAK o TRz B 2 Sk ot AAE L 0 Tosp, :[afj a a a3:| s @

Y
N

\\\?{r

kIO I 4

PR AT B0 AL S doig S e

«Jﬁ?{v‘l
1

WAoo d A Sp, EFT BEADS T LRES 0 ik R

2 (lexicon tone) ¥t SP, & — MiaiZEd R o H#cFE N 4T

s ()= AT SRK)G D)
N )= xXo ) (t 1)+ t,
= R (1,0 + 17 (1,.1)

(2.9)
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St
hn

A7 (SR,t,i)=b,(t,i)- SR+c,(t,i)
67 (SR,t,i) =by(t,i)- SR +c,(t,1)

LR EASp, R P AT 2

(2.10)

2.11)

FE DR SBTA T o TR Slied - B

A (D) fo 0 (D) G EMGE A R T 0 E AR L

27 5 615 0 5 0,2 (PRPA S a) ks e B3 E 0 ()T 08 2 (D) L5 SR

240 o d (@QF R al TIOENEF SR R sem f K

-0.06
*
-0.08
-0.1
-0.12}

atl

-0.14}

-0.16
.0.18}] * Utt. mean
= Fitting cur\(e + . * .

ﬁ¢ &
o

+*

e
et +

-0.2 ,
0.15 0.2 0.25 03

SR (sec/syllable)

(a)

g ' i * +* *%
+
0.09- * N * ,ﬁﬂw T . j;
0.08
~ 0.07f+
«©
0.06
0.05 :
0.04) R AR «  Utt. std.
0.03 - * = Fitting curve
"0.15 0.2 0.25 0.3
SR (sec/syllable)

(b)

2.7 0 5, (22 5w B4 258 9 ()T 2 vs. SR> ()R £ vs. SR
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23 %@ 4 AR 2 w3

AEH/ D - B 1A PLM g8 2 k- BE4p e3p AT

B2 @ 453 e fhee b o A fBiee A Wl SRR B e BIES

fo WEED R E T Fac k3

e S SRR

R B ST A R 0 S AR 22 B D2

U S

 BIpES

30 &

v
=

O o AL BRR TS A

E I I @g,ﬁxf o FpL > NPT E

B2 A PLMiF R 2 i 2 FFEani o' - B HPM > {5 3 & @ 3% (> HPM 03] S8

\\\\

1§ }‘J“/‘ifl 1.._

R N Rt e R N U

G| e '*Ff;ﬁ.‘;‘é«ﬁ B - g A2 F\?ﬁﬁk CE R A

BARERR 0 Flet AR g 3 HPM P 0 5 5 02 5 03] 5 ed i

LB 2
®F

Ttk wr § BIAER - fhiki s ol Sl Y

B 3F AR PRI R AR A AR 0 F 2 3F AR A ]

40 B H T B PEFF - B 8233 & -

17 PLM % & 2 %405 — B3R Atk

AR TP
EES E ik £ A i s Sl A L 2T SR2T oy 0 -
BT BEBEET 1 F S S Rl s AL T

T =arg max P(T IA,L,SR)=arg max P(T.AIL,SR)

F] "1’” 31 £ T—{B PS}G 7f _‘g ,;f—]%F, %;—"‘HL ‘é; - f;é_

Twaﬂ'%%ﬁw@fﬁm#ﬁﬁé

B1, B2-1, B2-2, B2-3, B3, B4} ;

A d R Am e LRI
AU EEE AR g SABELE p FEERBERE q 2
ﬁ%“%ﬁﬁ%%@k%?%%@iﬁ@%wU%ﬁﬁ%%@%i
FoREARBRERERIFEN ARG S A A HA R

AHT R EEE S8 A=(X, Y, Z}A S A B -85

se} > A EE G A A spr§ &k R sd 2§ &

13

- e

Al Sk

= fip Bk L SR EREAS S PS={p.q,1}>

€ FF se> AT F R L

Tk 1R 49 B3]
B R R PP BRI

Lot 5 2.34 ) &

ESE AL e

Hol B R

(2.12)

% 38 F i 4 572 (Break

2R B § & 4 B={B0,

Hoorh 4 ‘g}

SRR AERL

VAT R el § R T
PERE -

g S X=(sp, sd,



B ERd A B S E R B R ) AR X S SRR
(syllable prosodic feature) ; % = #f 5 5 & & % &85 23{Y, Z}={pd, ed, pj, dl, df} - » %] 5 5
18 B enie 5 pF K (pause duration, pd) ~ it £ X BE > F# (energy-dip level, ed) ~ & 4 1% 47 £
(normalized pitch jump, pj)% & f& 1 2Rt £ & & F]+ (normalized duration lengthening factor, d!
and df)y & > BK SR A O EE SRS BRI M Ak R )

A2 L Y={pd, ed} % § & p 3} & %-#c(inter-syllabic prosodic feature) ~ Z={pj, dl, df} = £ ~ 3

= % #c(differential prosodic feature) ; # {8 SR 3 A%~ “r T HPFE P B > TF o T 353

S

bl

i

B o

2
ER

\\\?{r

S i

SRR AL ¢ b R NP RAT G R PRH R AR S HERZ § B0

v

o B0 pEE S EED ARG ST

P

B By RS pflanis Sl @& 5 N(reduced linguistic feature set) o = £ e3d
R ARKEIENA 2]
120 DERE BT R 5T R LR
T : prosodic tag B : break type={B0, B1 ,B2-1, B2-2, B2-3, B3, B4}
PS : prosodic state P : pitch prosodic state

( : duration prosodic state

I' : energy prosodic state

A : prosodic feature X': gyllable 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

SR : speaking rate

L : linguistic feature  I: reduced linguistic feature set

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

14



& ik 333 0 ¥ - P(TAIL, SR) #2 8 & 12 7 2554

P(TAIL,SR)=P(AIT,L)P(TIL,SR)=P(X,Y,ZIB,PS,L)P(B,PSIL,SR)

2.13
~P(XIB,PS,L)P(Y,ZIB,L)P(PSIB,SR)P(BIL,SR) 2.13)

\\\?{r

H ¢ P(XIB.PS,L)AL5 § &3F mH0Al 7 kA ES &35 808 I A fEie Boif 2k i PS fr
F7 L 2B Ea A4 % PYZBL) AL B 8513 » A AL B F

A Biosds S8 LT o H i 28 B h 88 #pk s P(PSIB,SR) A5 5 2 1 4150 Ak 40T

T ERE AT P BRI B2 2 FFE SRT g% PBILSR) A5 12 & 4] &4
FEEA K EAFRIET FIL 2 A RFET 0 LERFRS IR S o T RS )

EaF s SEEV AR SRR R IR =g s

231 3§ &3 A

T &3 AR PXIB,PS, L) ¥ i8- A 22 Bl 3R 4w kRS & AR

e EERZE G SR R B Nl

ml4

p(XIB,PS,L)=p(spB,p,t) p(sdiq.t.s,u) p(selr,t.f u)

= - = (2.14)
sz(sp B!, p, .t )Hp(sdnlqn,tn,sn,un)Hp(senlrn,tn,fn,un)

n=1 n=1 n=1

PR, BLp ) ® SRR B AT Sp, Bt B TR F sp, £ 518 713

(Affecting Pattern, AP) 5 © P m e ~ P Ak i p, ~ 12 AL T B B e

ey

—
LN

n

B B E D for, 0T X O B S B =(B,,.B,) 0 1) =(1,,.1,.0,,) ° 7 SP,

n-1

ml4

e
=
=5

flm

L iR (7 8 R B B (orthogonal expansion) > 3% 8. | % Legendre % 78 ;% 2 & #71¥

Ilepe Al R 5{_‘3{[21] > ik "#{{ﬁ’ ¥ d-—»—sp % 5T =

Spn = Spl); + Btn + Bl’n + B]Bjnfbtnn—l BB g n+l "lsp (2.15)

2(2.15)5% ¢ > Ip, R_tone pairt =(r,.t,) > B, 2 B, RIS WL PR &S B

n

15



P =
[e=
=
3
%
jud
™
w=\q
T
P =
30
bad
‘3‘
iy
=%
Ma|
Pl
2
o
™
=|
mly
—
o
aQ
i
(@]
o
<
@
N
f’
=]
=
=
=
“k
oK

<

Boo WH- MR EARE B, R B, AW EE -l B nbl BE ET RTS8

s APs s By, & 48T 351 (global mean) > % - 5 2L R E

% B, > B, By By R, A (residual) 0 Bl 2.8 BF Jsp, gt BEE S

Benhf o Bt K SP, 5 - TIE L F g oA g HE > T N(sp,;0,R,) > F]t {8 T
pGsp, 1 p,. Bl ) =N(sp,:B, +B, +B, . +B, . +n,.R) (2.16)
H¥ R, % & 5 sp, % % ficie 'L (covariance matrix) ©
1 285 5 SFghif puim 2 LB BF R M % W]
BV EEAL > % BEAfeF = BECAIT A7 = 0
p(sd, 1q,.s,.t,)=N(sd,;y, +V, +V, +HsR,) (2.17)
p(se, 17, f,.t,) = N(se,;0, + @, +@, +M,.R,) (2.18)

QT BT 5 S pFE sd, - B9 Y ¥ Aoy, A UG ER A Sl Bk E s,

]

th APs > f, e R, # )5 sd, BT 102 A AsE 2 SR QI8N HHT § i £ =1

se, B @ ~ @O fr@, & u] G ER R Ao B e, D AP o R, BIA ] 5 se,
BRARTIo2 ARt e ¥R Ec
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2.3.2 igdg BB

#-% 4 -5 1507 P(Y,ZIBL) e - # 4 2
P(Y,ZIB,L)~P(Y,ZIB,))

N
~[]p(pd,.ed,. pj,.dl,. df,1B,.1,) (2.19)
n=1

2

Gt g & 2 LA R E Y, Z)={pd, ed, pj, dl, df}45 iE I 2 F R AEF HE pd, Z 5 on
B35 @A dg & Bh(uncture n > 2 {54 % n BIREBEA T)RFE R S ed, 7 ¥ n BiRE B

n

RETERE S p BT n BRLZGOERICAMNEL 0 H T K4oT
pi, =Gp, =B D) —(sp,(M)=F,_ (1)) (2.20)
Mo AR ERPEL RS dlrdf EdmdeT

dl, =(sd, =y, =7, )—(d, =Y. =¥ ) 2.21)

n—1

df, =(sd, =y, =¥ )—(sd, . =¥ —V ) (2.22)

*
§OT R R R AT L0 B Lo g AT g e A A S i (Classification and
Regreesion Tree, CART)i# 5 % & w2t p(pd, . ed,, pj,.dl,  df,| B, 1) » B & 2o SR8 ik dp &+ %
i 3 e 7 (maximum likelihood gain)#s fie — B F LK 45 anf’ 4 & 2 75 CART i & 20 x93
3R R R B S W B R pd,  edy gl o dl, > df, B A 5 0 i e
B %k & gh(leaf node) suit S dcs oo Bt AP - pd 12 BeIf 4 i (Gamma distribution) & HHE
Moed, ~ pj, ~dl, ~df, N B EAGHHE BRI AEEFFRLIpBHE o FL
p(pd, ed,, pj.dl df |B, 1) ¢ &~ BrIGr Giow B3 274 Gk > 2 HBF 40T

N
Hp(pdn’edn’ pjn’dln’dfn |Bn’ln)

n=1

N

= H{g(pdn g 1, ’IBBn 1, IN(ed, sy 5 1 ’O-ezd,Bn )
ol (2.23)

N(pjn;;upj,B,, L, ’O-ij,Bn L, )N(dln;ﬂdz,B,, L, ’0-51,3,, L, )

. 2
N(df,i by 1 +Oops 1)}

17



2.3.3 i i A3k 1 0T

Th M i 503 P(PSIB,SR) 8- ) 12 = B+ 31T 002 » 4o 59T
P(PS|B,SR) = P(p|B,SR)P(q|B,SR)P(r I B, SR) (2.24)

B RHES SR CERE N BB ERL AL BRI RO ERETES -
e Eom - A Re g B % - 145 ¥ A #°3](1 order Markov Model)® 32 > ¥ 14 bin X

LA E i AT S B8 P(pIB,SR) ~ P(qIB,SR) ~ P(rIB,SR) B iS4 4 77 4oF

P(p|B,SR) = p(pllbin(SRl)){Ii PP\ p,ys B,y bin(SRn))} ’ (2.25)
P(q1B,SR) = p(q,Ibin(SR, )){Ij P(g,1q, . B,_,, bin(SR, ))} ’ (2.26)
e
P(r 1B, SR) = p(5;bin(SR, )){H P& 1% . B, » bin(SR, ))} (2.27)
w2

H ¢ p(p/bin(SR)) ~ p(qbin(SR)) 2 p(rlbin(SR)) % =+ = &3 & & 4 45 % 5 (initial

probability) ; p(p, | p, #B,.1s bin(SR)) > pgy | gess Bys bin(SR, ) 2/ p(rid . B, ,. bin(SR, ) % 7=

i

AR AP TR 2 FE SR ZFRT O KE Ll B S ap R RET Y 0 B

a0 3p 55 A 2 $& 45 18 5 (transition probability) ; bin(.) 5 & 5 ld#e(index function) °

2.3.4 i3 & 7] B A E L BT
HA B A eaEE PBILSR) #37 L 5 PBISR) » & RKE BF FFRF A
B Flit v 47 &
N-1
PBILSR) =[] p(B,11,.SR,) (2.28)
n=1
B pB, I, SR)d B B IEEA & 0 F - @R * CART F 224 $Hkie 8 % B2 - 3¢

IRV ER Y R A AT R S S T T

18



GEh2 - fEipAiRie o R - B SR AABER BRI N FH SR > H g
4T L

P(B,=mll ,SR)

P(Bn = mll SR ) Cm /SR +dmj (2 29)
> PB,=xlI1,,5R, ) > ¢ SR +d, '
xeall break types xeall break type

He jRds e B THBIN OS8R E S ¢, 2 d, 5 BAERE ms B &

n

B j S g -

24 3 it 3 PLM & & 2 2 91 9GE A2

PR A Do @ ¥ A PLM Jx &2 kiR 2.3 v 412 3p &= 4604) 0 PLM ok NP
H_ A3 S i & 2 Pl (Maximum Likelthood, ML) > 1575 3% ¢745 & B it e 2 4h3e > T B3t

Bl Sdfice g A AR 23 & HRh 2 8 B3] @ & - P RS #He(objective function)4r T

n=1

Pp, Ibin(SR,)) p(g,Ibin(SR,)) p(#Ibin(SR,))
Hp(pn | pn—l’Bn—l’ bin(SRn))p(qn | qn 1° n 1° bln(SR ))p(r | r—l’ n—-1° bln(SR ))

n=2

N-1
H(p(pdn’edn’ p-]n’dln’d‘fnl n’l )p(Bn |ln’ SRn))j

n=l1

N
Q: Hp(spn | pn’Blllll’ :LH—ll)p(Sdn | qn’tn’sn)p(sen | ’;L’tn’fn)J

(3.21)

BFLHFP- @8 b R BIE G LB R A Sk i e £4F
HELREREE DA FRFEZDFRA DA BING L 44nft 2 i APt 241

fe2.42 A ulfi i o

2.4.1 5= 4. 1

Aok B AR BN L (et R SR B A Rce o (D)@ ML 2 RIB3 8 B

F A A ] Sl 2 e E B B e e R
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(a) 3e97F 3 & @ R v dp e iRz

A AT R (220 2 KR R e 29 497 - 2 g A &
d 3R o M M £ A B ke 39 Trl~Tr8 Ad 35 il
R AT R P e Tl ~Te8 i B 02 Ao tidde— 9757 o 2P 0t i R R A 4

Bl

B E AT LRE T A N S PM S G R 6 R E LR
£ i #F (major break) * ¥ & "1 K 3= % 4 B3 2 B4: £ =0 > & non-PM, inter-word 14 & if
O o RGP EBRMEREIAAS B2-20 £ Y FAMPE ARG B2l LG R EFER
£ % B2-3 0 ipdt AU Y = & 4 (minor break) ; 15 0+ % dicintra-word i f ik 4
£ 3,5& & > 2L 1% #F (non-break) » ¥ /& ¥l B %%_’;,H?_d H1B0 % Bl>H ¢ BO %%&? % 18 £ (tightly
coupling) s = % » 4p #%8 BL-F ] sk of 1% W (pitch pause) e+ il & Bk 2 fF
(energy-dip level) -

pd, =2Thl
SRS

dl, > Th7 and
df, > Th8

ed, >Tho6 and
OPitch pause < Th4
N

B | [ B1]

B 2.9 ¢ A= it i 37 R de i KA

(b) %3+ 8 1 WAl i 4o 3] SR hie® B3 & el ip R

2

o0 At AR Rs (s o A2 * CART R %g’fﬁ—%i‘ﬁﬁ‘?%ii']% B e

% Q297 BT RHEANA > L¢P O3 CART 7 * 2 IPALE » 3w p § 4ot 07 o
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IAF EFPERANELY - BRSNS PR RARS 0§ A RT3 E (global mean)

APs{p, u, , pa, } 3T ki B G RIE APS{B,, . )~ A~ F &3 al 2352 474 APs{ ., }»

i ol APs{ B}, B, JToiR B4 B APS{B, .7, @, } o 8 ¢ Avdeendh ok i RS & RO

Pros LR ZE R IF RN a‘r"‘f H v APs ehs 4 B s £ £ it (vector quantization, VQ) » #-§ it
2_ {8 1% F (codeword) § 1F47453p 5K B o &1 > 2 & A13p 5K & #3] P(pIB,SR) ~ P(qIB,SR)

fo P(riB,SR) Bl 241 % ¢ deda i ogifzc 2 SR L B3ra & o

2.4.2 & 59 3R

A v qs > A = fp REAR R 3] 0 B SR

Ha1 D FTHE v APs W ATEA 0 APS( B, 7,0, ) -

B2 AL v APso { AT § 2o APS{ Bl By, ) 0 B F {ATE ¥ BELR -

#H 33 FEAHA T APso L ATA S 5 @A 23R F A D APs{ 7, @) BFLATRE
B R iR -

HFE A A gt (Viterbi)it B 2 £ AR T F o 2 R E A S 0 @ 7 RSk Q
EP BB R AR EREDARSP,, 7, @ ) > {6 LATE T AR 0k i
#-3] P(p/B,SR) ~ P(qIB,SR)4r P(rB,SR) 11 % £ % #cse' L R ~ $ B # R, - R -

# S I A (Viterbi)iw ¥ 2 £ 37Hhie ) o2 BHike A R B0 F0kQ
EIE A #F AT L 150 28 B H03) P(pIB,SR) ~ P(qIB,SR) # P(riB,SR)
MR L GRELR - B2 &R, R -

#H 36 1% CART & % i {r© £ A7 - At 4 B { ATi% 4 5 07

p(pd,.ed, pj,.dl,.df,|B,l,) % i} & 3] %% %% 43 P(B,,,SR,) -

BFTEAHF T T AT FcacE L -
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¥ RN AR L

*F AT DV HGEAL S SR-Treebank (4L B - £ 1478 ¢ > B,F & #c s 203746 B o 4~

BFd BfeBEE e B EG RS S HRE TR AN A 3000 A7 RET]S & Log-FO

PR R B0F S 2 APEFFRRWA LD KA RR R BRI AR
RS BIZL A K R R BB R R ARl P R ER

BEFE AP R, BTOEARIETEFFERR A H e I e R g d v ¥

ERLE S s gl o N WE N _:_—*Ff?»}b PR R TALR o

# 3.1.: SR-Treeabk 3} = %5 %dicz - F

& 4 LogFOsu e S ih 3 BER. 380 380

Log-FO -+ 5% el AT %A R £

B & TioE SR
Fast 5.28 (422, 51, 11, 3]x10™* 0.18 400x10™ 52.5 22.3
Normal 531 (546, 90, 17, 5]x10* 020  380x10° . 60.0 48.6
Median 525 [407.89,17,5]x10* 024 - 510x10° = 53.1 22.7
Slow 5.25 [433.94,18, 4]x10* 026  650x10°  53.0 23.5

#-1l L&F ﬁ:ﬁ»g Kﬁ;«frlﬁigfﬁ? +EFP\ Lig ;}%gx[} ;u] PLM /:‘ﬁﬂe'-r/é" ﬁ'@?"ﬁﬁi

71 =& Fl e 0 B P #5202 & (total likelihood of objective function)4- ] 3.1 #77F - $&

T ke H M RS R A R R R F AT

22



166

145

Total likelihood

136

| | | | | | |
0 10 20 30 40 50 & 0

Iteration number

Bl 3.1 i S e pR i R

3.1 3 EHCE Sd2 A4

(Corpus-based HPM) vt g2 ©

301 % &35 A

l“‘\ﬂ
E

FEERAT A S B Al AL S S S E LR S ER

F‘;jb A g‘l:d'z‘%;;‘]l ES fé APs }i—%’\ 2 & &F 1——>~Lr3£ =S E’f”;?ﬁ,fg.@ > 1 & ﬁfi'] ’}ﬁi—?ﬁ’%i Fél&':’f’lf.&g ff‘%fb .

FAod e AR AR BRI ¢ 580 2 kol ERE - W 32

B AT LB DR APS o ot Sk 211 B (151998 2 AT i AR P 6 o
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0.25,
AR

Tonel —#—Tone2 —&—Toned —+—Toned — — -Toned

Bl 3.2 0 A4 i B APS

B 3.3 57 AR U B A 122 BO~ Bl v B4 P ciah § il 5 2 APs Fghi &7 B
3 o BtiEE BO~ Bl v B4 % i 3 sc b msh ]S o o

5 e
s i1, (1,3

SR S T -
W7 A R B0 il T b B E s BI 2 B4 RSB B g

(2,2)~(2,3)~(1,5)% 7 hight-low mismatch 3 % » [i;tp € A& 2 o TTEE i Ut kAT T 2 g

23
7 7

s TAEAEE LG DG DG D) (5.4 @, 1)~ 4 HE+ low-hight mismatch 7.

g A2 g O kA e
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0.2 . e

02

02 =

02

02

02, . 5

02

02 r

02

02|,/

B 3.3 ¢ FA4F duimd B 5 4E3e B0~ Bl v B4 g 4 & 5 s APs 0 B0t p = (i, )
B 3.4 B 7 SR #uB B is ¥ ice BO~ Bl fv B4 PEen § &id 5 0%l APso i dhi &7 p oA
R G AT T - &R D RRE e Sl kB, 0 (6F il S ok

By, RCFRPE T A EAFBEEE I R EER 7 e E R B

G
ml4

TRAIFE <29 > BuARFIENEE ZG IR By, A2 A Feow S BB

Hebay- Bz EFERTF 5 - B THA AP (tone sandhi rule) -
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i=1

%7 Ok G

02

02

02

0.2

02

02

02

0.2

02

02

R hE A

=1 2 3 4 5
T T TR T T z
Lol ceatRl IR e el et o — T i
o b e e P
...‘..‘..‘..uuu:‘..-"—l\l‘-. e I-”‘--._'I
et =] S - i
[R————_L e e 2 Lo e ! :-I‘;-.‘-_;...--*’--
- =t - = it
- S 1] p——al e i
> — ¥ 0 T . s .
bt T s P T Fommme i, T e K [
- i Lo 170
i [ TR bntsa kil e,
B e
‘ B BO Bl omsemmeaseg B4

»F ok RIRE

£ B e #3 APs

3 LR $ET4L

A A APSD B ko 3

Bl 3.4 1 A4 P A4 2e BO ~ Bl v B4 s

=N

¥ iEsE -

il

av5g

A H g

R AL R & ST R OPR R

¢ #” quan”

26

S e - ¢
= Heng
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¢ R R R B3 o B4 et bS AR e 5 AR Y 5 A REARE I L0k
SRR eniBa 0 R AR PRI § R £ 2 SRR o A T RS

FR o AAREE R B - P R B g a2

Peig R o)

Beyp B P kB @0 L X — Bl p /> ARNT AT AT/ Ak
P % 323 B4 @

EABEARL PO

By IR L ARG @0 Y B % — Bl L p /0 ARA T K 2T &4 / b Aed
E R X 327 340

R ERL

B K FrBRL P AN @ B/ - F) X 2L p SARS T X Zigr gy /v
Avd E R OX 27 H A O

B L o

EYg / Rk K A3t @0 /- X P ko Lp @ ARNC X 2ier &

B/ A ER K 355 4 @

B 3.22 1 3EALRE T (73 412 B fhae fois] 0 R 1R B BEIRETPEE 2 570 (B2-2(%) ~ B3()ir
B4(@))

322 K R
B13.23 Z3p ik ik f 6 1 Hse - B g blod Bl 7 L% 5] (global mean + prosodic state)
7 4§43 observed $T e M LTI EL SUERR N L B EERTEEI S FR
GAAEE B G0 B2 ~B2-2 4e B3 RIAU| # WA E B4 0 & B3 B4V AT £ final

lengthening ch3R. % > G R E & A BT H L L& o
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F13.23: Sk G ihse ol # b2 T AN 53 @ ARTIEES 3 &L R fod @i R rkeh

(global mean + prosodic state){f- observed
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AT LAY Ea AR T b FEE o de L1 &9 o & F 3% A SR-HPM %
F - V4 41Ed 2 TTS 4 5(SR-TTS) 5 5% 5 #4562 SR> d SR-HPM % & 4 $ 2 3

e

mhdc At s HMMbased 383 6 # Ex ¥ 2 A &30 m7 24 R4l

i

Text
Text Ana|ysis SR-HPM PD-HMM
Linguistic Features ¥ L
Break Prediction Prosodic Tags
& | Spectral Parameter
> Prosodic State Generation
Prediction
SR Prosodic Tags Spectral Features
Y A
Prosodic Features Svnthesized S .
.| SR-Prosodic Feature o . ynthesized Speec
Generation MLSA Filter
SR-Normalization
Functions
£ 2% 11 ]
AP A& BRI R R R IR A YRR T B F Sk
T S8 B A PLM i B # = i R iRie A 0 & TTS & S HEE > Flig » &5~ F906

T E D B A S HnET R R B AT EB AR ET RFHOTR 2 R FE
WEEE o4l A BEEOTER 32 428 A SR ERAREMER 2 4354 8

BEFEAS P2 A4S AR RG> TR Y A 4SS A EF L T RE R ST o
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BT B R P A S LA AR 0 R RS A L i 6§ o
7 fe oo At o @ % SR-HPM' U enig & &) 18 #7222 03] PBIL,SR) K3 &5 e #f 2e o oL #0344

#0135 Rl FE oS B PM B R R AT

SR) 4.1

B, =arg mBilX p(B, 11,
Z 4.1 B " GE R R AR i B 5 % 0 d & ¥ ¥ &r(1)non-break #F % ¢ BO ~ Bl $#&73 &
FEL S @ BOFE ARG A Bl R F P SE AR TR GIPEFIFNERS > M EEESYH
PR R A B EF + 5 (2)minor break P £ B2-2 Ff i sk fiid 0 B2-1 fv B2-3 A FE
W X RN AR & A BL 0 ¥ it £_F] Bl % non-PM, inter-word g1 I g v A
FHHE - BHRABEIN Bl S IR X hF o T A T B2 B2-3 foE T Sl M
B o @ F A A L - e SR BE o 3 3E B2- 1 aB2-3 485 3 £ AT iR
£ R eEn) 0 TP 4R & Bl HONE S £ 2 B8 2 £ 5 (3) major break * & > B4 % 4 v B3
R @ B3~k A {oB2:2iR % R FIE B2-2 B3~ B4y 1 in R kR AR EER o S
FRESTERSRTE S Sy AP0 o 2 42 2 PIREF L BHRHFrdE gk

FaYPGER - &k o

# 41 0 DT PGE AL IR ARSI e R S

Tar\Pre B0 Bl B2-1  B22  B23 B3 B4 Total
B0 85% 9% 3% 2% 0% 0% 0% 32272
B1 5%  87% 5% 2% 0% 0% 0% 82235
B2-1 9%  34% 44% 12% 1% 1% 0% 21305
B2-2 6%  12% 18%  53% 1%  10% 0% 16211
B2-3 2%  40% 23% 20% 4% 2% 0% 9897
B3 2% 4% 4% 19% 0% 4%  27% 11561
B4 0% 0% 0% 1% 0%  20%  79% 8956
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2 4.2 RIFFR 2 B R B IR

Tar\Pre B0 Bl B2-1  B22  B23 B3 B4 Total
B0 86% 9% 2% 2% 0% 0% 0% 3034
Bl 5%  87% 5% 3% 1% 0% 0% 9506
B2-1 1%  34% 41% 16% 2% 1% 0% 2258
B2-2 6% 9% 16%  56% 1%  13% 0% 1985
B2-3 7%  39% 22% 25% 4% 2% 0% 1076
B3 2% 2% 4% 18% 0% 39%  36% 1218
B4 0% 0% 1% 1% 0% 13%  86% 754

42 KGR

NEREREAF S FEOERE B eaid R P 5H ~on T rff g |
HE AR alde ATIS? » Favd 7 S8k 230 &k i 0 &alr #13) p(p, 11,) - p(g, 11,)
et 3 AR A 3 28 NM G 0 A SRHPM Y sy ke ig & A 35 &K i T

P(PSIB,SR) » Bnfs 0 e 3 L H 2o gRP-aE L HE 2 RIpRIRERE - 404.25¢ -

p(p,Ibin(SR,)) p(g,Ibin(SR,))
p.q = argmax N
Hp(pn | pn 1° n 1° bln(SR ))p(qn | qn 1° n l’bln(SR ))

n=2

(H p(p,11,)p(q, |l,1)j

4.2)

n=1

22 p(p, 1)~ p(g,11,) ZCARTH 2 > 97 * a3 $¥cic 43 MHAIVARSIPEREZ

BN VAR AR AE T S 8eh T8 P(PSIB,SR) * 1 L3R ARk ik g A M
THRALA SR EHASEFL LAY ¢ 5T B2 YR B LAl BRI

-a: o
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243 A 2 8T R4

Current word length in syllable: {1, 2, 3, 4, >4}.

Current syllable position in word: {1St, intermediate, last, mono-syllable word}.

Sentence length in syllable: {1, [2,5], [6,10], [11,15], [16,20], >20]}.

Current syllable position in sentence: {15t, ond 3rd, [4th, Sth], [6th, 7th], [Sth, 11th], last,
ond gt 31d Jagt, [Sth last, 4th last], [7th last, 6th last], [11th last, 8th last], others};

Smaller count number from the beginning or end wins.

PM after the current syllable (five types).

POS3: 47-types POS.
Type of PM: comma, period, question mark, dun hao and others

Length of sentence in syllable

B4.2% - BSR=1.97 (a) R4Eh & b ir(b) 3 B 3h Bk i 77 7

i

%2 iR e et e
bl 0 FEEEN LR e AR R R R F RS R e R
FR AR AR B ROE-HRET G S E B Eadked BT RRE T
ASR R HTE % B Be Bl @) H K A (B3 LB Y (K & A (B2-2) Lk
P R AW R ER IR 2 11 T A EIE B A ABLT - B E
e {2 > (B e B}t ” SRR AT S IR AR EHEE Z Y T T - B RAERE 0 6 f &

T Bk G B4 < e [l ohhigt-to-low: o g R SR
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T

Prosodic state p

=]
I

B2-2) (B3) (B4)
2-2 B

b
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1

—+— Right
—&— Predicted

Prosodic state q
T T T T T

IS
T

(B2-2) (B3) (B4) (B3) (B4}
2 B2-2 B2-2 B4 B2-2 |B2-2

EEEATA RS EHESEEAMNEESTNEBESF AN WEPRRTBUANES FREHEET

(b)
R 42 @R 0)F LipERE TR 0N 3 L mdfifhe BRLLFR D kaE
I Aze

43 FdAprLip B AtE A

SR-TTS#7 % ciipEb¥cs 55 5 @AM~ 5 TR R Z BHFL > L7~ Wi

SR-HPM ¢ &3 & #-A] P(PSIB, L) frig % 88 -4 PX, YIB, L) s B Zd ip = 28k > £ ;?gd
FET RS HEAE? TR FE 2P E S A EpRAREREE S G 0 A2 3 F 4T
pd,= G (G(pd,,a’, B ). 0" (SR ). " (SR,)) 4.3)

T B @M(SR) e BrU(SR) endtiz deR 328 4 4 2 5 B EE BAEEL pd) S e
F$F44
pd, argmaxp(pd IB,1) (4.4)
AR Ry HAMRFAE L S 2 AT

spn,(i) - pn(l)vp(l;l ; ”’ ) 6-‘YP(SRll’tll’i) + lizxp(SRn’tn’i) ’ l :1 - 4 (4.5)
g n’

B ult,.0) ~ 070 ~ G7(SR,,1,,0) fo 17 (SR ,1,,0) chfjE 40 2.3.3 &40 i 2 5 H GF i A U

Sp, FE e e 4.6 3 0 MIE R 2 fh Bk e BT Sl PEHBIM S &K X APs 0 i
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b g A e
sp, =B, +B . +B,. . +B, . +n, (4.6)
BisLiZEdEpRany S ERASL S E
sd, =(sd, — " )0y x6(SR,) + 1 (4.7)

sd sd sd x . e s e 1y a1 %4
Bo 0y M e 4230 E e e B S B R R S, AR 2 E

I LER sp, BF 0 0 Ao F 4.7 o

sd, =Y, +7, +7, + MU, (4.8)
Bl43% ~ BSR=1.97:p A 2e bl A § R4S RFEB e B G J B7 4
X R R S B PIRE R S I PR & B R G E 4 B B3{rBA Y R

T B Eo R FHRRACE < ] Skl R AT K pE SRRk f 2 B AR AT R

o
6
N B5|- /(f\%"v ) = %‘.‘)\ & ;h ]
3 VIR
45
0.4
§0.2— %qﬁﬂw Ak\v\& % “"Mj“\\@/\@ .
0
1 (B4) (B4)
B2-2 B2-2 B4 B2-2(B2-2 4
§ 05 i / i
OMX P /\ P m&%&n &

EEEATARHELESAERLANEE SR EREEAN Aﬁ‘#’?jﬁu?ﬂﬂﬁﬁ

—+—Original Predicted —=— CB-Predicted

B 43: sl 2 71 - 2 ‘?v'J:%“S ﬁ‘ﬂé’f?ﬁhﬁﬁlb‘ 3 "{ﬁi% E3 N
p v #F A
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244N S AP F LR BPFEFRE%2 TREs> 9 7 ¢ 020
BRI ek R o d AT BAvis I B ARG A B G At i
PR ER &S o‘}‘]t‘*’ﬂ-—»—j\—g.ﬁrixiiﬁib}ﬁimg4 al,gzh;m]:

—,g\_o

With Predicted Break With Correct Break
Training Set Testing Set Training Set Testing Set
Sp 53.0% 46.9% 44.6% 40.2%
sd 43.8% 40.9% 42.0% 39.8%
pd 18.3% 20.6% 6.7% 7.9%

4.4 HMM #7 23 57

~# 7 i@ * HTS 2.1(HMM-based Speech Synthesis System, version 2.1)[23]:2 = #7 3% -4 »
BAl Y ¢ 2 A ()P EOR) R ART FE A A B FHE AT B AR EL
A DVRPE > e~ JR R R P D Rk BE e YR AR BE Sdihe £ 4.5 0 gt 2 SN e 2 0
# s 3p 249 RHMM(PD-HMM) © p* 72§ B § % S8 & B > #0339 4% * SR-Treebank @

P GEE RN 0 G AR A R

2376 F ¢ > & $£51,868 B ¢ &

% 4.5 HMM 47 3# $07] 2 < "% 4p B 530

level ID Description
Pr_Phn Previous initial/final
Phonetic -Cur_Phn Current initial/final
Feature +Fol_Phn Following initial/final
APhn_in_Syl Initial/final position in a syllable
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p: Current LogF0 prosodic state tag
. : i rosodic state ta
Prosodic q: Current duration p : g
r: Current energy level prosodic state tag
Feature

pb: Previous break type tag
nb: Following break type tag

45 FR T RERELH

Al ML G A HATE S S 2 0 A s R e 7 A R ML A A
B R AR 2 WRHTS S & 50 BB AGEARE BT BMLERIAF - § 4
erstate duration ;5 5 7 B2 e GE ROt g WHTS R HGF i 5 R I ¥ F i ity o fie
] 1% #% 4 B 7 3 ¢ 3% (Phone; POS, PM, Word length} ¢ 2 38605 #6 % £ & 41 = 835 & (&
FooB s E)E 108 0 SR ;ik-'ﬂk 7T k=4 giE 4 #ic(Mean Opinion Scource, MOS)fr ik 4+

(Preference) &P %

(1) MOSip| % %
MOS =737 A H i 4o 304 6% 7 5 B4ABE T 1 RliR&E % o &t 3¢ 9% (> > SR-HPM based
HF i g d] S 2k 2t @ %ML based> i -~ B iEiE 3 0 ML based™ 2 i3 S B p AR B

£ 7T % > @ SR-HPM based ™ 2 2 235 3 &4 DL =5 °

% 4.6 1 MOS =4 &%

TE 2 'S e

i 5 ERFF AT R

2 4 EHFER PR

G 3 ERFRPARAZRAGT
i 2 ERFR AR

2 1 ERFERAENA PR
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35 344 3.36 3.35

2.5 -

1.5 -

0.5 -

SR-HPM based ML based SR-HPM based ML based SR-HPM based ML based

B 4.4 MOS B2 %2 %

(2) Preferenceif] ;% % %
e fB2 2 g SR L] X FEERE € - 2o B4SET O RREEE A ¥ E
BRR> o A E P E AR AR T A R BFE IR 0 SR-HPM based? & 25> ML

based™ £ » EMOSPZELE S - 1k o

SR-HPM based ML based

Normal

Slow

Fast

0% 20% 40% 60% 80% 100%

Bl 4.5 : Preference |3 2% %
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2B 25 & N state duration 't B E F o F|pt > K RF H a4 2 H U B aFE B2 T AR
WARBE Y Y RFE L BT o
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¥ 4 —

(1) Thl ~ Th2 4r Th3 1T %
Thl ~ Th2 4= Th3 & * % J % B4 ~ B3 ~ B2-2 {v BO/B1 i% % f& & £ threshold » & > B3

B4 5 # AR E SRR o e RE DBHEFLE > FP T RLEY S S EE oL T h
4= % > 11 vector quantization(VQ)4 = & #f » * Gamma distribution 2 fitting > 4 mean +* $ <
- HL B42 I oG fr(pd) » ¥ - BRIG B3 245~ & fp(Pd) - ¥ ¢ d 3t BO - Bl
hig s pr £ 3@ ¥ 7 P A > T 4 intraword § & A B L jr b4k > * Gamma
distribution 4 fitting » & F| 488 A fro/z (PA) o B 15458 non-PM, inter-word 8 B ¢i% #g

Lt 42k > @ * Gamma distribution 2 fitting » & 3| B2-2 s F & & fy, ,(pd) - o

W B22ARRE 5§ M BAHpER R A B AR e [y (pdi) > Fy 5 (pd,) niE 5 F

e ih AT PR £ % 2P non-PM, inter-word diff o X3 % Tt iF & daE P £ AT BO/BI - B

%4 fpom(Pd) ~ [, 5(pA) ~ fas(Pd) e fiu(pd) % % B4 S5 Th3 ~ Th2 4e Thl -
(2) Th5 sha &

ThS &_* % B %_B2-1 = BO/B1 & threshold s d-** B2-1 {= BO/B1 % i% &g pr & crgd it £ B 7
x50 e B2-1 REGEFPEAME R LY o ¥ intra-word i B hBAF L Jr Az kT F g
w fitting » @3] f, (&) 5 PR RARBLESER L Ask * B 274 G fitting 0 18 5
fom (&) > £ % #-non-PM, inter-word # % chf4g £ jc 42 lﬁffi\ﬁ L B2-1 % A g e & B2-1
EPEGAFES > A IR (0> [n(@) 0 B EF AT RL T A kT H F Ara G
fitting » 7 5| f,,,(E) » Bts £ ThS 5 [, (O fin, (E) 12 2 B o
(3) Thé e Thé % %

fipBIRA & K BO/BL i FALE A 1 BOfr Bl 2k a A e aeig d 5t B0 & B
tightly coupling > H i 5 2, Bl jk€ > ¥ 5 % % (pitch pause)'* f#&‘®® engery-dip » *
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1. Syllable Level

Q,1.1: Is the initial of the following syllable a null one or in {m, n, [, r}?
Q,1.2: Is the initial of the following syllable a null one?

Q,1.3: Is the initial of the following syllablein {b, d, g}?

0,1.4: Is the initial of the following syllablein {f, s, sh, shi, h}?

0,1.5: Is the initial of the following syllable in {m, n, [, r}?

0,1.6: Is the initial of the following syllable in {zs, ch, chi}?

Q,1.7: Is the initial of the following syllable in {p, £, k}?

0,1.8: Is the initial of the following syllable in {1z, j, ji}?

0,1.9: Is the inter-syllable location an inter-word?

0,1.10: Is the inter-syllable location a Type-1 intra-word?

Q,1.11: Is the inter-syllable location a Type-2 intra-word?

2. Word Level
All the following questions are subject to a prerequisite condition that the current inter-syllable

location is an inter-word.

21 PM

In the following questions, we define major PMs = {period, exclamation mark, semicolon,
question mark} and minor PMs={comma, dun hao(a mark in Chinese punctuation used to set off
items in a series), colon}.

0,2.1: Does a PMs exist at the inter-syllable location?
0,2.2 : Does a major PM exist at the inter-syllable location?

0,2.3: Does a minor PM exist at the inter-syllable location?
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0,2.4 : Does a comma exist at the inter-syllable location?

0,2.5: Does a dot or colon exist at the inter-syllable location?

2.2 Word length

0,2.2.1~4:Is the preceding word an ne {1, 2, 3, 4}-syllable word?
0,2.2.5~8:Is the following word an ne {1, 2, 3, 4}-syllable word?
0,2.2.9:Is the length of the preceding word in syllable greater than 47
0,2.2.10: Is the length of the following word in syllable greater than 4?

2.3 Substantive/function words

0,2.3.1~2:Is the preceding word a substantive word/function words?
0,2.3.3~4:Is the following word a substantive word/function words?

2.4 Level-1 POS and special tags

0,2.4.1~11:Is the POS of the preceding word A/C/D/N/1/P/T/V/DE/SHI/DM?

0,2.4.12~22: 1S the POS of the following word A/C/D/N/I/P/T/VG/DE/SHI/DM?
2.5 Level-2 POS
0,2.5.1~33 : Is the POS of the preceding word

Ca/Cb/Da/Db/Dc/Dd/Df/Dg/Dh/Di/Dj/Dk/Na/Nb/Ne/Nd/Ne/Nf/Ng/Nh/VA/VB/VC/VD/VE/VF/VG/
VH/VI/VI/VK/VL/V_2?

0,2.5.34~66 : Is the POS of the following word

Ca/Cb/Da/Db/Dc/Dd/Df/Dg/Dh/Di/Dj/Dk/Na/Nb/Nc/Nd/Ne/Nt/Ng/Nh/VA/VB/VC/VD/VE/VE/VG/
VH/VI/VI/VK/VL/V_2?

2.6 Level-3 POS
0,2.6.1~15 : Is the POS of the preceding word

Caa/Cab/Cba/Cbb/Dfa/Dib/Ncd/Neu/Nes/Nep/Neq/VA2/VC1/VH16/VH22?

0,2.6.16~30 : Is the POS of the following word
Caa/Cab/Cba/Cbb/Dfa/Dfb/Ncd/Neu/Nes/Nep/Neq/VA2/VC1/VH16/VH22?

2.7 Combination of POS
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0,2.7.1~7: Does the POS of the preceding word belong to {Da, Db, Dc, Dd, Dg, Dh, Di, Dj,
Dk}/{Na, Nb, Nc}/{Ncd, Ng}/{I, T}/{ VA, VG}/{VB, VC, VD, VE, VE, V], VK, VL}/{VH, VI}?

0,2.7.8~14: Does the POS of the following word belong to {Da, Db, Dc, Dd, Dg, Dh, Di, Dj,
Dk}/{Na, Nb, Nc}/{Ncd, Ng}/{I, T}/{ VA, VG}/{VB, VC, VD, VE, VE, V], VK, VL}/{VH, VI}?

3. Questions related to sentence level features

All the following questions are subject to a prerequisite condition that the current inter-syllable

location is an inter-word.

3.1 Length of sentence
0,3.1.1~30: Is the length of the current sentence greater or equal to 1~307?

0,3.1.31~60: Is the length of the previous sentence greater or equal to 1~30?

0,3.1.61~90 : Is the length of the following sentence greater or equal to 1~30?

3.2 Distances to PM
0,3.2.1~15: Is the distance to the nearest previous PM in syllable greater or equal to 1~15?

0,3.2.16~30: Is the distance to the nearest following PM in syllable greater or equal to 1~15?
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