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A Prosody-Assisted Mandarin

Spontaneous-Speech Recognition

Student : Yang-Chun Huang Advisor : Dr. Sin-Horng Chen

Institute of Communication Engineering
National Chiao Tung University

Abstract

In recent years, the -Mandarin read-speech.recognition technology is.quite mature.
However, it is still difficult for spontaneous speech recognition due to high speaking rate and
the existence of disfluent speech events. This thesis discusses Mandarin spontaneous speech
recognition, focusing on language model establishment and the process of prosody-assisted
recognition. In the language model establishment, two particular words of particle and marker
are added to the vocabulary to model the disfluency phenomena of spontaneous speech.
Besides, language model adaptation is employed to solve the problem of the insufficiency of
texts of spontaneous speech. In recognition, a two-stage recognition process to-incorporate
prosodic information is adopted. In the first stage, an acoustic model and a bigram language
model is used to generate a word lattice. Then, in the second stage the word lattice is firstly
extended to replace the bigram LM with a factorized LM. Then, break-related models and
prosodic state-related models of a hierarchical prosodic-model are sequentially added to
rescore all searching paths in order to find the best recognized word sequence. Experimental
results on the Academia Sinica MCDC corpus showed that word, character and base-syllable
accuracy rates of 58.29%, 64.94% and 68.89% were achieved. They were better than the
results of the baseline system by 4.43%, 4.6% and 3.06%, respectively. By error analysis we
find that prosodic information is useful in resolving word segmentation ambiguity and tone

pattern confusion for fluent speech part, while it is less effective for disfluent part.
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% #-3] (prosody-dependent language model) » & & i # 358 A T ke = Jp i Ap b 2 B
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checkfile

>

recordplace voicefile

recorddate speaker

speechtypei start

o

speechtypeii en

language translator

samplingrate chinese

i
i

i

recordtype english

> comment

l
|

segment

Bl 2.1 ¢ RGN eF 5 5

2%

* 22 2 FHERB G

<segment>
<voicefile>D:\MCDC\stereo_01\mcdc-01-01.wav
<speaker>MISC-07-female-29

<start>020976
<end>025360
<translator>Fen
<chinese>

O Ah— FOMSF
</chinese>

<english>

& 7 (unrecognizable non-speech sound)

(575 B 4)
(3 #h 2 40)
G 4)
(3 ot )
(346 %t )
(2 T3 )
(BN F)

(3FHFHEBNF)

O wo3 zai4 yi4 jial gongl guanl gongl sil shang4 banl (unrecognizable non-speech sound)

</english>
<comment>
</comment>
</segment>
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2.2.1 g 3@ (particle)
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(1). $ AP RS chg iz o blde P AQR) ~ Al(R2) s BAG® ) ~ LAGE) « MAGE ~ o) ~
O(&/m/e) ~ E(¥8) ~ NO(¥%) ~ WA(:2) ~ YA(*7) » YOU(#)
(2). AARH LR T SR 0 0 blde - EIYHEN
(3). B3 5 3E R 3P 0 bl4et HANS HEIN ~ HO

(4). H weng iz (Fillers) » &4 : MHM ~ MHMHM

=

2.2.2 # B+ (marker)

;”.‘-';'é'_ﬁ ~ ¥ L—FF'/;'L 4 f K ﬁjﬁ:’)\;§ l.E—_ rF‘ ﬁg\fg}’ —‘Egj\/j E.%& o e é’—;%':/lﬁ‘:;
FARAEEE 3 R AR R L 0 R REE S bl (7T Y AL

R HEFERI A FHEERFTA LR R BROa S o Y REF NA € F A
¥

# % o F NIMenFe s $53 0 NE(R)  NA(R) » ZHE(:E) ~ GE(#%) ~ SHEN(#) »
ME() «

223 RiF S RIMUFREATE

B2 NIRRT ARV A G

BN



(1). & ;#yE3aE 3 (unrecognizable speech sound) @ #&3e B Fz 2t 5 A Sgory 12 35§
L RZIRIALRPFPEL P
(2). F /% (uncertain) :
I TR AFESE RN 0 R RZF AL AT
I RERGFLHFAOHEF > b7 G Ges 34
2.2.4 3% 3 % (Non-Speech sounds)
BUFHEEFES ARG - LA R R AT SIS T A 5 A

4 2 §3E % 1 % (para-linguistic) & 2£:% = 3 % (non-linguistic)
- e AR MR D R K AL S G R o bt BN BT

REE R AT Y A dd A gl KRR G 2T R el B R e B

REDE LR BEE
225 Finv ¥

hAREF P ORI BN #70 &5 s Ek(silence)- % #E (pause) & & i 4 (short break)

PR BRRRE FIAALdTEA b g BerA 4 2k o

2.2.6 inug % (disfluency)

PRI S S p BFPERY - BEREFPE LA TP BT 2 HE A

\_.
A
=\
[rh

% (repetition) ~ 3#3% { & (repair) ~ ¥84 & F (restart) 2 2 { & #:% (editing term) - £ & £ 4p

T AERFFEGA Y ETEL(IP) A AR { D { LS E R 2 A
AFERANLAERY I BERFFFL B AT A FHE Y RPT
AP ETEEARE S T e T 5 S 2RI % 4 B

9



PEEFIREAST

2.3.1 Particle v Marker ¥t s1 ¥ > § & 47

GE ME NA NE SHEN ZHE
A 3 P 7R 7R i+ T
pE i K& mne 2Y 53 5 Yy
Tone 5 5 4 4 2 4

EX: [77] i £ 4 % 2

i\i}

7 {[7& B it }E;u] =3

Wo[PR] R E o g 3 ef 2

A L

particle

> TR PR+ &g en( i )*(F D)
> oE LN sy FA(S £ ) [EN](T 1) A
> FWEERPEH D (F)(F )R ASER

BA LA MA NA NE YA
B il - el el ] o R PL 7
R aYy | aY hY ' R N L 7Y 7€ | —Y
Tone 5 1 5 1 1 5 1 1 5
EX: & 3% & & v o 49 O s X [] |
» RHBIR
E El HAN HEIN HEN YA Al
B F ve EAHERF R oF R 0 F | RAHERT ya RR
ER < \ Y I\ B —-Y %
Tone 5 2 2 3 3 4 1

EX: Ell Rend sl R ? — & o
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> M AeokorHpd
A El HO NO @) WA | YOU
®F | RAPFER T R SR SF| R B e 2 P
A Y \ X X |FAT| T < AY | —X
Tone 1 1 4 3 4 2 1 5 1
EX: w e @ A0 E 7 R ¢ o [¢2]
Filler
#watz (Fillers)» A 272 E iz miE R >+ 2 2ot aag o wg ¥ Ffu?éé—*ﬁﬂ ALY R
TRATRES S LB R R o TR T PR
MHM [MHMHM
K= Fillers| Fillers
AF 4 Lo
Tone
» '» J- .i'
232 pEBES R %
¥ H =
MR
3 > I 4 L
_ 7 &3z tone 1% 30 feosyllable type 7 &
uncertain 6333
7 % 411 base-syllables ¥
unrecognizable speech
226
sound
Code-Switch
English | 135
Japan 15
MinNan| 283
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syllable contraction

EX: #}v7

micdc-01-04_R0158499wav  [Configuration: Waveform]

. tab aiac| al 5 dus A sus| v
He

200

e o L e e e ] | e IS e ] B
a0 |

3
g

{
<P

3

3
P
b

30841

sime (70 18,75 15,80 15,85 15,90 15,95  16.00 16.05 16,10 16,15 16.20 16.75 16,30 16.35| he.qo 16,45 16,50 16,55 16.60 16.68 16,70 16.75 16,80 16,85 16.90 16,95 (3

repeat

EX: ALs o 2 f A it F ALH -

= mede-01-05 L0087 wav  [Configuration: Wavelor] LR SN

Lab w21 wie| e ma| e xi wie| pe| =11
e
00 LB S s R b e R S R e
100.-
EE]
£503
tame 0,65 0.0 0,15 0.19 0.35 0.95 6,35 040 0.45 0.50 D0.85 060 0.6 0,10 0.75 0.8 0.8% 0.99 088 .00 3.08. 1.3 30 1,35 B30 1.95 1.40 1.5 1.50 3,55 1.60 1.68 951,60
. ) > ) o o o 2o 28 23 oy W by 1\
EX: ?K’]‘ﬁ"’@-%{"'\ o 2 5 3\, 5\‘(340)@6«@?4‘: _1—,-\/\""’ ! ﬁ-fﬁ;’é‘} lﬁ‘ﬁ—\ﬂ
= IS
modc-01-05_ 10099644 way  [Configuration: Wavefarm] HEF0ES x
RS P e | a|  1es] =an| as|  ws ] | | w2 13| ] ang sama] s | | we| mp
g |
el s [t (s |l s s s S SR o
i S wnsreneeie
i i
“”. - - -
time 2 . 5 . 1.8 38 3
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hE X

EX: & 2 AR, {@ s BIMHM | SAf bt ¢ o chd 1 o

medc-01-07_L0093070wav  [Configuration: Wavetorm]

| | : wol | o]

He

200~ . =7

100~ B

43

2.4 MCDC 35 & 4~ % 43>

BRI 1 R RS 2 2 F T Substurn v B3R 3E R R ¢ #r g Sub-tun 2

a B if el 2.2 #7or o Hodogod 3 ok 3 100760 Sub-turn 3 325 -

Sub-turn® Unitip #ic4 &

3522
¥
h:3
£ 1654
3
= oo 41t l:
al 2 0 4 10 | 16 | 14 | 57
e N

Q Q \) \) \) Q Q Q
/qQ /CbQ /(\ © /(OQ ;)Q )‘Q /er /WQ /\’Q \;) \/
Y Y S W N
A S 2 ~ 3 N

UnitB %

B 22:FREP? & B Sub-turn 2 5 & s

25 EHR B2 18 AR

d 3P LRy IRET EA A2 release AP T EiEe R BE R G2 F 3

LR T AILY A £ R T A 66 AT MR R 2

r'l

FTETRARILS o T B FER R LD
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2.5.1 ¥ 2r 4p BE su3t

d ¢ PR R F G 502G 4P (Part of Speech, POS)¢utn B e o 7
AR A B FF G ALY % L SRR EH MCDC 2 ¥ F it 7 E
E AR i Rge Y AT n 46 SR S AR (S L - ) o BRI e E > MCDC
e ZHERY F IS (e R R )R I AR G i L0 2 23
B R ETR S L Ao TR e e e

&
A g R KH EAARE R RS L 2 #7590 R H ARAR L ¢F % 3% (Foreign word,

2.5.2 *7'? PR BB EoehE

PR e aE R R B R AR Y R 0 U S ena S g o B
ABEE iR o Sk PR BT - REFORR kY - mEY
RS ER B iy IR E AT 0 g8 H A cross talk GG o bR Y A1
#EHMCDC * 5 8¢ 5 HE3E= — 35 5 (Sub-Turn)emm 4o 82 5 L pF AP > {2 3 bt 35 fer
B e TR PRI 0 EE o (Silence) o ¥ Y B A FERFEEIRT EF A
AZB@PREF AT AT - EFFREERE o e e TR A
Ha#g > LRRIRAFRELIRLNY - B H AN g e T

& F(insertion error) o d SPig R % H A R AP0 R Y  F]UE G R
RS AP BB N EEE R X000 E 4 B AT EE R S

'l tp Ké:f o

253 313 #r il

=

R AR ARG AP Sl LR PR
#IMCDC $EALE 3 & 363 § 2 2 F o 51 @HREFmS7 BT k5 F L1
# [11) 22 2 p 5 EE B fr HTK [12) w2566 A= X s - B3
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Wirg @22 BRE - By Sy F LA BEFL O RFRA- LRPESE
ARG EenE > A D e Vg o fi A &5 %,]%Fi’-m' Ao Tl

1. #@p &R (intra-word)® J13RAziE 0.1 f)enizdg o
2. FAEARBHEFESERADLEE o FEEERE T EFRR o
3. BHEFE RMPN G B BT IHE DB

4. FA ARSI G &7 2
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¥ =

ZRAZFFIELTRE Y ] 31 &5 BEERAN L AE R [14])]

F oS

ol
v“p

Bz p B BES EE A v LATERN B ¥ 2 -4 (Hidden Markov Model, HMM) »

G e 8 5 ERANE S F B4 s HTK (HMM Tool Kit) [12] #c48 5 3.2 & 5 3%

P

PIAAE £

sr2
A

® P

THEAIM S B A ¢ 41* SRILM toolkit [13) 2" 2 5435 5 031 £ {0 A > 2

ot Al 383 & A B aEy arig * [14]) skt edp 2 RCA]

TR FLFEG SRR E  F LI SO R G iR i

3.1 BE 7

R R ¢U) RS S s (RS & P S (R R S

FEMAE AR F Ao Ak d MCDCP 16 54 ¥ 25 # B3+ 1 9/10

5 o A REHL 0 4ok 310 B e 1/10 BLE RIFEE R A A 3.2 0

%31 PR R

THES| HuFEREY | EeafeR i | Code-Switch | 2
F # | 105,800 6,857 10,198 494 5,053
bl | 82.40% 5:34% 7.94% 0.38% 3.94%
RS S 128,402 (89.99%)
5 Hhik 5,750
PR R R 7.967 (hours)
ERES 16
F 3.2 1 RIEFFER R
THFR| RLTEE | Fe@ R g | Code-Switch | 2457
Fi# | 12,048 750 756 72 652
Bl | 84.38% 5.25% 5.29% 0.50% 4.57%
BF K 14,278 (10.01%)
ERLE S 150
LR 59.79 (minutes)
ERES 16

16




% 33 H VR PEAP M S Bt Pl AW AT BB R0 5 § & context-dependent

en= i@ 3§ % #3] (tri-phone model) » % 3.4 % & i HMM i3] 2 2% 2

% 33! 2P A AK T

Sampling rate 16kHz
Frame size 32ms
Frame shift 10ms

No. Filter Bank 24

% 3.4 HMM 7] 2 % %

A fE g -7 13 #c|State #c p
triphone 517 3
sil 1 3
sp 1 1
filler 1 5
Eng 1 5
Particle 24 5
Paralinguistic 6 5
@SPEECH_SOUND 5

2T = |
3.2 #3% #3l
§ TG ST NG B DR S  RR  F AT R T - B g
310 - St 5 5% 5 03 (Language Model, LM) © 3% 5 R 0 5 0 BF R0 F

4“)\&;;%:? E‘hi{j{ ’ﬂ#ﬁ—'\f]’ﬁﬁ—l—}ﬁ&;ﬁ\- % ELerTay o v 'F'l_;":/T \:'F'Fpgi\‘;w';

7

»

S EECRES X RS R R = EE R R REE i = (R

.,,-»-l——q )| 2 2 >
DERS S PO E IR

17



321 FHAET AL 2

> 2EPEH 4

L E BT rﬂmvifwﬁéﬁufkﬁz

1) sk &ZE3ezg(Sinorama) @ p % 5 - ek § o W EOFALE A FRF A 1976 £ 5
2000 & 2 ¥ o

2) NTCIR: 3 - =

T“%

Atk f SRR ERIFERE AN A B R F PR T
W

3) P AT HrE il E(Sinica): v A - B2d PRk o NEE Z B NFET A
¥R A B TR

4.) Chinese Gigaword : ¢ Linguistic Data Consortium (LDC)% & 2 7 » B & 7 - 47
Ak~ A AT EAE F RPEATHE o

5) AAPAFFWIK) ‘AP FRAER LY TARZAT PR FT AL 4 F
Ao FORLE K 4e o

PUORGRE 440 2R B, 8T & o

N-gram

©FFRE ChEAIE o dogmipen e S

@ 3 1 ’F»‘JII] ))]'.gﬁj;?L %‘i

P RIBLAET ARGEAR AP 2 FFRER > FAMFE LG

MEIE o HY ARE AL CRF #0 ~ 2 3R LES > B2 F ¢ & P ErER o
PEBF R Y AR 0 g R R RE R AR B R

RN T ] ARy A0 EP 4 [15] v ¢ 3 e LR g e
EHFFE R FREGTR - BRR A Y A Faus g RR £ E ~ 7 60,000 B

$ 0 @2 §WL & MCDC % 3342 99179 B3¢ = I 5177 B30 » 7 144 Oy v 3F 4

18



EF R ARP S0 TR IUF o £ 352 £ 36 AREWE CEF Y WA HNE

ALfe MCDC R P #rik et 6 > d 07 A3 FHL % 2 hi B oo

35 Rl Aa FALE P TR b

s L MCDC 3% #*
e 0.0029% 1.98%
i 0.0007% 1.26%
el 0.0016% 0.37%
Hi- 0.0009% 0.28%
B 0.0042% 0.21%

20360 K A ALY i b

iRk MCDC 4
Ris 0.01% 0.72%
7] & 0.074% 0.65%
AT 14 0.034% 0.47%
¥ AL 0.008% 0.45%
i34 0.013% 0.42%

FET ISGE S Al @ # a5 SRILMO[ 18] ] # 13 v T & (back off) 2 i
* Good-Turing discounting 2 = @ = — B tri-gram % 3 i3] > H #c8 ;N 4e(3.1) 58 #11 o
FEABRVRER PR WM Bk BT R AR NIt E YR IR
F BT P R KIS A e Bl ST Ao i T S

P(Wi IWi—n+2; ey Wi—l)

(Uf(Wi—n+1 Wi )PWilwipyz - wioq) , Count(Wi—p 41, ..., w;) =0
Count(w;_ yeenWi
_ a" WisnsWi) 4 o Count(Wi_py1, -, W;) <k
= Count(Wi_n41,--Wi-1) 3.1)
Count(w;_ s Wi
L Wi, W) ,Count(Wi_pqq, -, Wi) > k
Count(Wi—n4+1,oWi—1)

A ke 3 N 2 A 2 operplexity 3 66.501 0 OOV rate 3 2.87% : % MCDC

PlRFE L perplexity % 733.719 » OOV rate = 2.91% -

19



MU ART A ST R A R R Al g
322 F3 KAz AG

REFF I A G o AR pFEF S A 2P Al MCDC ¢
R F T PN ENS AR b4 D LA—e s BA—w > T3 22 F B
#FME S e > 4o~ particle fo marker B Pt Ll @

> particle © 3 A0 e B RH S PEATE a0 B AgF i P Bt Rb R h e
(4= : MHM » E - EI)
» marker : I—‘F‘{m BHEE > © 7 3 H R keaiF &

(4= = NA-GE - ZHE-GE - SHEN-ME)

;3‘?:_%-1 B AP ]g\q}gg F%E?Kﬁ’"‘ﬁ\hg #giéﬁ%ﬁﬁﬁ)‘ﬁ;é » T I§) 3.2 7;;%'?1/

>

303 12 AL (repair) ¢ & B

marker 4 ——»  particle > icH % Y o
NA-GE B
/HE-GE E

SHEN-ME

M32: @A T LM

A% 7 HAlaE # o MAP(maximum a posteriori)z if 2 [16]) & & & hen> 2 > H

A RPrh A iR Sl s FRABEET i A TR & HBF (32
4o
Xyap = argmax, P(X|W) = argmax, P(W|X)P(X) (3.2)

X:e o g » # (model parameter distribution)
W3 L % 5k (observation)
P(W|X): L% 5 # W et in & (likelihood)

20



95 MAP 24 i ;2 ~ 7 4~ % count merging f= model interpolation = f& 2 » *F 7 &
* model interpolation i& {733 i§ » H §_#&- out-of-domain model £ in-domain model & {7 p

o RFRAPE O WA HEF @3

P (Wilwi_pni1, - Wim1) = APpase WilWi_pyq, oo, Wig)

+(1 il A)Padapt(wilwi—rwl: ] Wi—l) (3-3)

Py ase: probability for word sequence w; of the baseline language model
Pgaapt- Probability for word sequence w; of the adaptation language model

A: linear interpolation coefficient, 0 <A< 1

LA 3395 SRILM ok enip 35 2 % > i+ EMalgorithm » & =« it 38 3§ §77] &7 p) 32

AL ez iz & (likelihood) » 5+ i - (iterative)7 =t {F 2|4 = 0.690221 -

3.2.3 3 3 A A 47

T Al Fot B 2R R (perplexity, PPL) K 2 ¥7 0 jR 3 B 4945 412

# (information theory)m & » 4o ;¢ ¢

H= —%logP(W = Wi, Wy, ey Win) (3.4)

\\

IV E - BEREW = wy, Wy, ., Wy 0 HPPE BRTIER 0T 353 3 E (entropy) 0 i
B A E e ARART IR BA)NE-H ARG

PPL = exp(H) (3.5)
FPW = wy,wy, ..., W) = [172, P(Wi|wy, Wy, .., Wi )R] ¥ 2 IR 3 Eiﬁ*r«‘?\

P(wi|wy, Wy, oo, w;_q) e i T 30fcenip| e FIP R A RV R 537 3 Rl - BA

LIRS IOV AT Rl A R 0 AT - B SR RS

21



#> %’%&Fﬁfjﬁﬁiﬁﬁ PR g R F 2 0 RIR A BT FLE F o 1% (3.5): k=i

iFt8aE S A s 0 Aok 3.7 AT e

%37 E T HARE RER

w5 S 7% i (PPL)
Read-Speech_tg-LM 733.719
Adapted_tg-LM 280 741

3.2.4 yEEK PG E F R

FI* BERCHFF FERRA L EFRIT N PR o A e E AT d F
&% %30 AL word lattice > e 3 7 B BREHA > NPT E RIPE L F L2
St die £ 38 5 AT AR LS 18 2 PR o H P Free-gram-syllable-LM T %
31 & BFH A2 frLR & g S FLS 5 4~ Read-Speech_tg-LM 2 {8 e % &
heF F R RS 0 Bt EEAR A d > MCDC aoplREiE R P oy E & g

7 [particle ; # "marker ;> ie 8 Read-Speech_tg-LM ¥ # & e sgendd 3 o 50 v o

£ 38 4 Al prak g

case Acc Word Character Syllable
Free-gram-syllable-LM 48.10%
Read-Speech_tg-LM 38.86% 47.42% 57.20%
Adapted_tg-LM 53.44% 60:34% 65.83%
B4 3.8 7 1 E Pl 4 » Read-Speech tg-LM 4 5 & 55as 3 + 21 9.1% > b 2 7]
57 12T oY T e P 2 a0 (e § Read-Speech_tg-LM ¢ 12 5 T particle |

2 Tmarker ) 2 485 > fig N FF SRR A T DUPGE DY = 2 By
FAL A Rk b kG T e A 5B A 1S Adapted_tg-LM sk 4 0 & tgee g o
“= 2

# ¢ Tparticle; 2 "marker s 3 4~ w] 5 51.03%% 30.56% > v » &7 #3018 v 43 7

i P B A g

22



ek s A v R *); FLHUCEH YR oD '1@4’%;;’—‘5’%‘[;;% 5 T LA A~
B F A ehERS o4 £ 397 g i MAP B RS L g aeayRL g koo
Mk TR ST 2 Term | e iR E B3 RS EIRL ) Sl @Fan

HEE AT AN I LK § ARG H L

» AP RE R PRI PR AL

SN B

B EEHARapE 2 i

%390 rEHEE Y LIRS
wER) | L ) ‘ .
. §#(182) | 2 im(88) | 2215 (L16) | 1 4(71) | 12§ (48) | #Fr4(51)
Read-Speech_tg-LLM | 55.30% | 75.00% | 46.96% | 43.66% | 60.42% | 43.14%
Adapted_tg-LM- | 74.24% | 80.68% | 64.35% | 53.52% | 72.91% | 52.94%

BE R

B ekt % % i Optimal Search

87 IR AR .

4 =
il

& F & Accuracy st B 334 % (3.6) 3¢
Match—Ins
Accuracy =
Match+Sub+Del

A #4310 5P S EAle AGEE 122 3F 7 B0

A5G Bk
/\l’i =

ek F 2 (coverage rate) o

8 28

1A KRR e X AR Fl s e F A > S A LA 4 enword lattice

AN 4

(3.6)

#0310 Gk E St )
case word coverage rate
Read-Speech_tg-LM 74.89%
Adapted_tg-LM 82.42%

%51 3 1§ 14 Adapted_tg-LM #1 & # ¢ lattice 1T 4 i a0l Fx

~

foirid F & 82.42%7 114 ) -

»FpERL R F P lattice ¢ 2

“~

PN |

B R T 0 e R

23

o

SERE

s % 53.44%
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3.3 FEHA

AR EREE G PR s B MARDAR ) SR ERNL I LA RAEFE
(speaking rate) ~ i% % pF £ (pause duration) ~ ] % #ui* (pitch contour)~§ & * -|- (energy level)
FEFL oA ApFEEFR L O FFVAFSHA BRE S FEEEFARE > A
Frer fEsm [14) ¢ “'ianp #EF a0 BR3P R0 o HRHE
AR o RS AR ST IR AR BRI S SRR 2 K

o

331 ¢ SEAPANE NEHE

1 i B3 T B LIT] 5 et el ¢ R P S PR T R

AY T FERIPEOER Ao B 33 40

B5 PG B5

SYL SYL SYL

R 33:¢ ~FRMEZELER

WY bR 55 &K = (syllable layer, SYL) » ¢ = B+ 5 - B4 &- B3 - ki
Koedp e H A i3 & b B R A 53R &3 & = (prosodic word layer, PW) » d % &
SR R TR SR U SRS L N FROM G EER g

(prosodic phrase layer, PPh) > d — & § Bipiirles R eid ¥ €45 2P 7 2F



2 (B #g 5 vkex i fy = (breath group, BG) » R4 - B 1 5 %2 5 ¥ P AR L enpiE 5 &
% R

5

B

ik = = 1 (prosodic phrase group) » o @ Femt e w0 SR E R AA TR

HI

3% i = » ¥ (Hierarchical Prosodic Phrase Grouping - HPG) ; 7 # [18] -

ARG TR iR R HPG 5 A AT H i3 i 4o F) 34 che B IR

B4 | BGIPG | B4
B4 | PPh B3| PPh | B4
B4 [ PW | B2 | PW |B3] PW | B4
B4 | SYUPar | B2 | SvLPar | B3 SyL/Par |B1/BO | SYL/Par | B1/BO| SYL/Par | pg

W84 Ay arig * ehd » fFUFAIMERLES EH

Ao o4& d - fEgp e R s (break type) B={BO, B1, B2-1, B2-2, B2-3, B3, B4} % -z w
fipEE = 1 F & (SYL) ~ap & (PW) ~ 3p =& (PPh) ~ »fex 2 /35 =51 8 (BG/PG) » H

M i £ 311 Afapee

% 311 R 2 BAE e

Ak B4 {2 T &
35 23 (PG) & v rx. 3 (BG) B4 s N i
i} 242 #1(PPh) B3 ® %97
B2-1 ABHES § &2 G P AR OB
38 EF(PW) B2-2 T
B2-3 G o T
B1 + &8 B Apas S 5 & 8 I 312 B (normal coupling)

3 & (SYL)

B0 3 ER RS 3 + & & @ (syllable contraction)

Foho AR EBER Y EH S - BEAR G I EINA RN L WL B
FREE SRR A AP R RS A ARG AR ik gy - AL
¥ L~ i 0g 5 i hsyllable-like unit @ ¥ — SR EF AT S > k3R 2 % ¢ particular

UNit( ¥ A & 26 fETS]) 0 A KT 2 heT & 312 b

25



# 3.12 : syllable-like unit £2 particular unit 4 #g %

#p W LR
base syllable
syllable-like unit | o 4 49 % W 3 ¢ uncertain
® particle (MHM ~ E ~ EI ~ HAN ~ HEIN)
) .| ® marker (NA-GE ~ ZHE-GE - SHEN-ME)
Particular unit i
® unrecognized speech sound
® Code-switch

3.3.2 F¢ s I EBAK

Bk §nd B2 p B hAla R B FIEEE § AR P F RS AR iR R
By b TR 0 £ —H IO el j\%’fpé#ﬁ"‘li%/s{,mpi EA d\pr {i"\*“l;b%,\ [19]) @ *
RENLF S F L SRS oA, =X X PIEET o B DB G ARET SR S

A, ={W,POS PM} ~ 7pE1%5e A, ={B,P} % acoustic segmentation Y, * 4= 3%(3.7) :

ALASY =arg max P(W,POS;PM,B,P, Y, |X,,X,)

Ips

3.7
=arg max P(W,POS,PM,B,P, Y, X,,X,) 3.7

I p s
H9 we{w'] i R FB |5 POS = {posl'} PSR Bl P B A 5 3N PM = {pm!'} £

BAREL R A M NP R R BB} R EB R A ¢ § - 4B
35 = 8 4 4575 B {BO, B, B2-1; B2-2, B2:3, B3, B4} i P={p,qur} | &* & 3 &3 ik i B

ot EZREF AT =PI AEAR q={0}F FE N ERA={"} N HAF

g 5 X, & — B frame-based #7 3% S #c A 7(4v : MFCCs %2 ¥ * s~ Fffr=

218

oy

»

¢ derivatives) 5 X, ={X,Y,Z}R| & - B EFEF SHA 7> B¢ X A4 3F & %8

7

TRER BN R SR BRA(G)E S ERG Y BAF R A 8

PRt

oy

F @ Faizag L B(pd)2 § & F it £ Mgh(ed); Z & & § & @ endifferential 48> ¢

L)
oy

LAy E R AT L(D)E S0 R ENE HFEAPERI@M) . AT A 313 ¢ #

$orf BTN F ¢ 5 PP iR - B8 RHE T v ALK -
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A RERE RS Ao = E X DEE SR 38 240
B: break type ={B0, B1, B2-1, B2-2, B2-3, B3, B4}

p: pitch prosodic state
PS: prosodic state g: duration prosodic state
r: energy prosodic state

T: prosodic tag

sp: syllable pitch contour
X: syllable prosodic feature sd: syllable duration
se: syllable energy level

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

feature ed: energy-dip level
Z: differential prosodic pj: normalized pitch jump
features dl: normalized duration lengthening factor

I: reduced linguistic feature set
i t: syllable tone sequence
L: linguistic feature
s: base-syllable type

f: final type

TR E.T)5 0T AT AR 00 R R

\\\Xr

B3R —
Bk = SRR RY FBF] X, G RN ERERIIAZ T FHEAGA -

BRz 3 EERE A X B3 S BRABESEAT Y 2§ ER D
differential % 8c 5 7| Z 4p 3 = o

BRe e As] B i kAT ETAR M GE T S8 A A o

# B 7| X, B g#gfj&%??\;?ﬁflj W e

\\N

BRI ARG AE S Pdp st asisegp & R apihee Bo
g T AEERE > QTS REH ST A

A LAY ~arg max {P(X,, Y ]W)P(W,POS,PM)
p (38)

-P(BIA.)P(PIB)P(XIYS'Ap:A.)P(Y,ZIYS,Ava.)}
He pX,, T, |W) & BEHA(AM) 5 P(W,POS,PM) B &_joint syntax model » T # it 7
W~ POS 2 PM 2z B ehff i > 384 fém 411 & ¢ ¢ Rl Fod i 5 5 PB|A) ™

3B AL 11 5T S HL ={W,POS,PM} % 97 5 £ § FIE A BT i) 2B 47
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Bzt » P(PIB) A= ip AR B S HA]» * ks IR R E P @ i Ldoim 2 TR £
BB R PO AL A) RS 7 SR ERCE D T REP § SR E SRR IIBAPL

g A A A R P(Y,ZYALA) B S RAE AR KR Gk B i

e
>g
I
=
—h
|
W
&
\\\Xr
o
(w
A

B OER OB o T g [14] SR i i)

i 4 5 = WA

AU rL TR AT AR A] P(B LA AT TSN

Pl A)~ []PE, IL) (3.9)

# ¢ PB L) Ede it § SIpEIRRE AR M AT 2 S B M RO 0 B A At

- K HHCART)F & 72 32 Fdidleo
%4 B8 T

A i TR A H3) i o A o @ BT RS ] e
P(Y,ZIY,. A, A)
~ P(pd,ed, pj,diiY, A, A,)

N-1

~ H{g(pdn;asn,/\ln ’ﬂBn,Am)N (edn;/ued,Bn,A,n ’O-ezd,Bn,Am)
£ ' ' ' ' (3.10)

) N(pjn;#pjanvAl,n ’O-szijnrAl,n) N (dln;ﬂdI'Bn'Al,n ’O-glan’Al,n )}

H ¢ pause duration (pd,) % % n BF FpIREd: L ghizsp £ & - 12 Gamma distribution
L HEtsenergydip (ed,) 5 % n B & B £ T 5424 0 02 normal distribution %

pitch jump (pj,) 4% n B4R s Bonr Rit FAF L > B 2 & 5 (3.11)5¢ > 12 normal
distribution %% ; normalized duration lengthening (dl,) P] 2 & it 95 & & B & & F]F >

H & 5(3.12)5% > F & 2 normal distribution fic#z -

Ply = (SPn.2 (D) =By, (D) = (sp, (1) - B, (D)) (3.11)
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BIDFY - sp W2 FnBF &g Fpurani-an: AOLE 0B EERRET

dl, =(sd, =7, =7, )-(sd, =7 —7,) (3.12)

(312)s# > sd, A& nBHEER S NV, 25 nBH EELERPEFE -

L FEAZY > P(pdedpjdiiy, A, A) £ A s ALK AHCART) e &k > #
& 8L e 37 452 ik g5 maximum likelihood gain » 7 CART j# & /# 2 & 1% - e g
WHF OIS R P AR R R B PR S Sapd, o ed, - pj, frdl, fdE

A5 o

BN T Y
FEMAEBAPEPIB) ¥ UiE— A RS = B ] > 4o AT L

P(P|B) = P(p[B)P(q[B)P(r|B) ~ P(p,)P(q,)P(r)

'{H P(P, | Py By )P, [0y 1, By )PA [ 1y Bn_l)} (3.13)

n=2
29 PPyl PaiBy) P16 B) B P(LIT B ) A SR T =87 B R 0 i
F B R RA B BRT A 0l g SRR ERIE 0 B @R L RS

B
7 Fip Eacd

F @R EHCA PO, ALA) T - A iR 2 B R 0 AT TR

P(X|YS,Ap,A,)
P(sp|Y,,B,p,t)P(sd|Y,B,q,t,s)P(se|Y,,B,r,t,f) (3.14)

14

Q

N
HP(Spnlpn' :1':+1]-)P(Sd |('1n’sn’t )p(se | n? n! )
n=1

Au LG SR SE RS E 0

(g

B WA T AT S L B BB )+ (affecting

Jir

) 3T
v

bl

factor)2 fi gk > 17 A w4 G iR B AT
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€ Syllable pitch contour model

N
p(spIB,p.t)=~] [P(sp,Ip,.Br.tr) (3.15)
n=1

spr+B, +B, +Bg . +Bo o Th, ., if nth syllable is syllable-like unit
sp, = " " e o for1<n<N

Spy =" +By, +By . TR, 5 o ifnthsyllable is particular unit

<

L % n g3 &2 syllable log-FO contours 2.4 = & i < i h#k[a, a & a] 1w

ek

E:‘fj-;’ ;\: Z:‘:\‘ —/:l-‘ ; Br?—lz(Bn—lan) ; t:zl:(tn—l’g’tml) ; usp % upr_sp A\ EV‘J ;‘; Sy”able-like Unit %
particular unit %% %8 T 45i@(global - mean) » % - B E2EE @& ; sp, 2 spy T A on 0

syllable-like unit £ particular unit esp, it 2.1 (normalization ){s 3k 45 7% 4 g (residual);

o

B, Rl % % - BETFF x 2 B4 & (Affecting Pattern, AP ) » & 48 AP Fp 4o

»  Syllable-like unit = APs

-~

P @ § % BBt eflexical tone 1~5} 7 APs ; Bpn ES I TR O R el 1

B,

p, e{prosody state 1~16} =17 APS » H ¥ Fh =k & enB A8 4| B B 5 & <9 LogFo level » %
WPy, e T % e R - MR A AT E S By, F Bo e A BAY N1 BeE el
% & F kb 1548 § 2% fis(forward-and backward coarticulations) APs - # ¢ 1P, ;
tone pair t; , =(t', ,,t,) » t'  e{lexical tone 1~5 for (n-1)th syllable is syllable-like unit ;

otherwise is particular unit} ; tP, £_tone pair ™=t ) >t <{lexical tone 1~5 for

(n+1)th syllable is syllable-like unit; otherwise is particular unit} - ¢t ¢ » 4-%f utterance

boundary £ ¥ ¢t 3% 2 3 47k break type B e B, k %57 #73 utterance shA=gffr i &
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=% (ie. B=B{rBy=B) "% A i &L BEfrk kil § rxhindERAAPs By =Pp o T
b b

BBe,tN :BBN,tpN °

> Particular unit 77 APs

B, = &7& particularunit pr, e{particular unit type 1~26} <7 APs ; B, & particular unit

P oA g ae3p 5k & pr_p, e{prosody state 1~4} 11 APS °

€ Syllable duration model

P(sdle,B,q,t,s)zlﬁ[P(san,sn,tn) (3.16)

sd) +7, +7r, +yg+uy , ifnthsyllable is syllable-like unit
sd, = N — fori<n<N

sd."-" +Vor ¥V orcqrtHor sd 3 if nth syllable is particular unit
ArniEg &L etk e Uy 2 U, o~ %% syllable-like unit 2 particular unit <
% 48 - 2@ (global mean) ; sd; % sd™-" 5 n j& >t syllable-like unit £ particular unit s7sd,
TR semaRE Ly, MG R BT x2 FEAL (Affecting Pattern, AP) > 2 48
AP FLp 4T
»  Syllable-like unit 3 APs
7, » B ow o F & Bt e{lexical tone 1~5} ¥ sd, 0 APs ; y. i A A F & 4 A
s, € {base syllable type 1~82} 4} sd, «r» APs ; 7, % P # 3} & f q, e{prosody state 1~16} ¥}
sd_ ¢ APs
»  Particular unit =3 APs
Yor ® % #& particular unit pr, e{particular unit type 1~26} 7 APs ; 7, , & particular unit

P oA g a3p &5k & pr_g, e{prosody state 1~4} 7 APS o
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€ Syllable energy model
N
P(se|Y,.B.rt.f)=] [P(seIr,.f,.t,) (3.17)
n=1
H ¥

se,+a, +a, +a, +u, ,if nthsyllable is syllable-like unit
se, = " v for1<n<N

sey " +a, +a, .+, . ifnthsyllable is particular unit

lable-like unit % particular unit 7

_@%{Qii’;fﬁ(g'obal - > sylle i particular unit sse, &

AP) > & f& AP

particular unit

osody state 1~4} =77 APS -
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¥

#4

A ad o APy plaei [19] %2 0 Y R S E R SRR 25
B RAFETRY AR FBRES L ;gd EFTA kL rEaF o L4167 ¢
P e R 2 HCR] 12 two-stage 7 3V 4 2 3EF FERY 0 B A% HMM-based 3E § 7%
PO ki first-stage 3% § F¥ 0 KA 2 2 word lattice i &7 B[S > 4 » FEET IR
R inds 1T BRI ATIRRE S 42 FRE NP AT ¢ Fu N A e L
(Discriminative Model Combination) % fz /4 & 374 uE 2P » Z BH A2 #E£ P 4E -

\
A\ )

nj

4.1 4er JpER

= mpa

T Faw 5

T Bl 4.1 5 two-stage F

two-stage

iy figl » ILTE i&-’_ﬂ'

® IS A

’A

%5
,‘..-.»

% = 13 stage witim 4

Training
phase for Prosody
prosodic modeling
models = 0 0o—— T —
|
1
: Syllable-
| Syllable : juncture
) P
Test < == | |Prosodic oo | | oynim | | Prosodic
phase Acoustic Word ! acoustic model model acoustic
model bigramLM | | | model model
1
|
! IY..A,.A,) | P(P|B) P(B|A) PYZ|Y, A_A)
1
Input :
speech |Frame-based | X« N i .
Viterbi Word lattice
» 1 R
—P featurgs search | ALALY,
extraction I
Syllable XY|
Segmentation
information Prosodic-
LT, acoustic actore
FO & energy sequences : . features LM
| P extraction
1
First stage | Second stage
B 4.1 : 12 two-stage = V2 AR ¢ 2 3FF R L LA R
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4.1.1 Joint Syntax Model 2 7 & #& >

d 33 [ & F UF IR SR 2 R S AF S SFEFL Y ¢ § 9 1(POS)
72 gL 5 (PM)iEa 3 5 S 8cE L 0 AFTF A7id * 0 joint syntax model & 3 -
trigram LM~ - & factored POS model ¥2 — i factored PM model > A iz42 2 i g i # FLM
approach [20]) =& 1 factored POS model {r factored PM model - & i * SRILM toolkit *
1 #* Witten-Bell smoothing e3> 3¢ k25 4i-4] > 2 ¥ FLM approach s i & epr & & 7|
* H o A4p B (factor) e B4 R TE & B AR 0 T R S I 2E T o kD R R

POS & PM iz 4 o
FRESFE T TAREREELE S (Rl THE 2 Lanr iy F g I

(back-off) 777¢ 4 » factored POS.model £7 factored PM model &2 it i jZke™

P(POSiIW;,POS;.1,POS;.2)

P(POSiIW;,POS;.1)

P(POSiIW;)

%] 4.2 : factored POS model ‘72 back-off #. /=

4o+ B 4.2 #75¢ factored POS model s back-off g /x> &t R cnfiim > HF uw s B
POS 2 p s kiffe » FoFenie b2 N> B F R 5EkehHPOS» F v £33 )

oo AT EIRT R AR 0 s T 8
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P(PM;.1|POS;,POS;.1,Wi.1)

|

P(PM;.1|POS;.1,W;.1)
l
P(PM;.1|W;.1)

J

P(PM;.1)

®] 4.3 : factored PM model =~ back-off §% i

factored PM model 78 & 4t > 4o b Bl 4.3 #57 > AN *® o — i~ POS 1% IR A
POS kg @ BePM 5 5 0 » 5 A7 5 » PIF {2 POS» F 1 25 5
BEFI e - BPOS> B S D ET R gk t"ﬂﬁ*‘* L WEe

yoobhs 5322 &8¢ Apiad s~ 05 % [ particle ; 22 T marker o A 2 B E
s l—g » MCDC e 42 & ~ % » & B SRR (0 Jie L #4 6 2P & oA > P10 3 g T
# i Word tri-gram LM =27 ;2 » & * model interpolation * 3% i§ Factored POS model 2
Factored PM model -

A w5 factored POS model F 4 2 48 #3324 » 5 ¢h 4 b particle £22 marker & #f » =
50 #g 4+ ; factored PM model R iz 5 -2 # 5 end B & & & 355 (COM) .~ # 55 (DOT)
AEEEF 5 (NONE) ~ w BV 52 8 5 o3 S A L £ PRg P 5L(0TH) » & 447 -

# 78 factored model "3 = = {5 - H perplexity »xie ;=G 4 4.1 2 £ 42> g%

perplexity 77 "% > ¥ riqg iR deox — i factor 87 2435 i POS & PM -

‘m\\

# 4.1 : factored POS model = perplexity

factored POS model with different factors | perplexity
P(POS, W) 2.24832
P(POS, |W,,POS, ) 2.06332
P(POSi |Wi POS | ,POSi_z) 1.92078
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#. 4.2 : factored PM model = perplexity

factored PM model with different factors | perplexity
P(PM, W, ) 2.48816
P(PMi-llwi—l'POSi-l) 2.44734

P(PMi_1|Wi_1,POSi_l,POSi) 2 28617

% PPL= 10"(-logprob / (words - OOVs + sentences))

4.1.2 S8 Hiv

L4118 4.1 7 secondstage s drF & sc o &
pAEH T2

FBPE L ‘}ﬂ*x,%l AL gl B A
FHIRI R R A A i as 18 4 (force

RE-FHIRSIERFE Ly

it s it o L

»

7

4 e - first stage #t A A sk i FERLE K (top 1) %
% &%ééﬁgi}‘)’l_lijﬁ’

> A5
N = { B g

=3
4

Eran SR '«': %

alignment) » % ¥ 3+ % & Pl e da £

ST RED R

Ao F A R 2 i 2 frame-based ¥ A A G A1 o H B SN 4o

N f S ﬂ

S

1:i [ > Gaverage + luglobal (4-1)
Gs

R AR L U S VRS Tk o3 SR AR P Sk S F S RyIA

BHY 5% s
2 OoRIAH G s B AAEREL THEIREL > BF N T

1(s)
2 £
= (4.2)

“= e

1(s)

2 (=)’
(43)

— i=1

o, =
1(s)
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(42)7 2 (43)5 ¢ 1(s) 5 % s BH A2 WF 128 > A Lgopal 2 Oaverage » =l » 7'
AR A g ks A u'L;-«}; ;{,—%}z A2 BT 352 Lo’ ¥ .

- > AN k= - A4
m'glffrnb;‘g_"affr

el

Boeni Hib s @ A g iy o 1§02 syllable-based
PR g E R T 0 (A1) S~ o5 Ugional B Taverage # BEE s & ¥ s

BAE F A B2 TIOE SRR L PR R g A R T e T

Jic i & % s

A

B iE
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lattice

(,H I i

£

Y
Lattice expansion Result 1

& ( [:tﬁﬁ_—ﬁ@?]hﬂ_.}\' pos * pm
Lattice rescoring Bl AR )

h J

(ttan—mé&aﬁpos E:(

Joint syntax model

pm B lattice

e ——
Break acoustic model !
—_— Lattice expansion Result 2
& ( EERii—# 20 A prosodic
E- Lattice l‘escoring break FFaEAE .2 a0 E )
Break syntax model
-—._._________._______,_.-- k.

( H i — 8.2 Eprosodic (

break &7 lattice

e
Syllable prosodic
model

h

Lattice expansion Result 3
& ( ERRT—#% 2 0 A prosodic
Lattice rescoring state EER{R L HIEEAESR )

— =
Prosodic state model

Bl 44 0B - Bz PR (Tin el

uy

FoMBE xS @AETFR

-

4ol 4.4 97 0 FERE F 2 & F - TFERES a5 $8cF U (POS 2 PM) > fiw
A% & 4 coftd] G joint syntax model 2t pF & word lattice + # i node #77% 3 <7 word
73 € 1395 factored POS model 2 factored PM model 45 ) 4p % Jis eive? | 23 8L 13 5L R
B $s 0T o

% lattice B B2 {8 » AP E-E A kR HEL Sl ko fruE - B arc
+ €M AM~ LM ~POS 2 PM e~ fic 0 £ AE ATEEA KB P - F A RIS pER

e

ERESE TP e
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(1). node expansion :

% word lattice + # & node #77% 7 srword F 3t € 1345 factored POS model 45 ! H £

% 4t e 1 (POS) » e 4 FA1RBE B 5L(PM) > #-% B node BRI 1%4 & -
(2). arc expansion :

-4 R 4 lattice @ & B arc A7 § chword T 0 45 AR E B POS # P (1)2 PM
P Q) TH- Barc? #rF 5 oword T 0 3 AP R POS #cp (1)2 PM #cp

(4)» L #-% B arc BB I 1%4*1%4 & «

FoRE b R BaET

~

By HEATL LI RN B O N &4 ah 2403 4 WA break
syntax model 2 &g B8 7] > 1945 85 8(3.9) - (3.10)F M =B A ARR ¥ L F] 5
FEARE AL F 5 fraudtdtintra-word syllable et 2 7 d f255 ) IRIE 0 A 7 B -
lattice @2 B > & inter-word syllable 3% 2 B §_-arc + word s (6 - 5 & (T2 #
I word P % - B &3 Al * backward Viterbi search - 1 * 3t @ ad 5 » T
- B word ® g% - B F &

AR E ISR R N — PR AR o B Eder 0 SRR BA D 2 A BONE B
arc b o F g R - REERAELFRRE S 0 gfRA N EERBR TR

(2). node expansion :

&4 e lattice ® 2 node » BLRH kiR arc ¢ A g caword T EfE - B3

FFEM o REBER LRac? k- BEEHTFRE T ME -
(2). arc expansion :

&-¥ R 4o lattice ¥ & B arc o gL H start node s34t > K E (D) P 0 s ostart

node #-# 32 M % » Pl h4sarc~» ZEHF I ME -
FIRE o SHRERETR

Bfs- BREEAES A3 &I ERE T & 4o r iR BB A B EF SRR 2

ARG RpET QL) GBlh)E hiptk it A B d &- A7 B [19]
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[

A BIRERE A FRAERAC R 0 AP ARERY §
£ 4 #%) i 45(3.15)~(3.16)

S EE AR U A
A e 3BAB(EIRG 2 SR HERR G EN
% (A7) ek 8200 BHES il e ST 5 BRG § R %*“F”&"ﬁ

AEFBF a7 EPEFIUNLEE § kpat- 53 &8
inter-word =338 4 R4 * forward viterbi search » 1 *

S

AN

A FRS a8 ° Ty

-

intra-word » H_d A2 3% p IR 5 @
g -word ¢ - B ER AT E ~ F - Bword P s
S N3 - ViRl

%

— ﬂ;—‘éj éji:?’%:m o
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42 #FR| A eé

‘—\r.b
3
D
4
u
=
—4
1::

fFEanlE £ second stage @ #V P 4e % FR AR BE T3 RAE AT
A 521842 5 > & 7 ¢

® Acoustic Model
Language Model
Factored POS Model
Factored PM Model
prosodic break #p &# 5 i#
(pause duration~ pitch jump ~ energy dip ~ duration lengthening~ break syntax model)
prosodic state 4p i# 3
(pitch prosodic state ~ duration prosodic state ~ energy prosodic state)
® syllable prosodic model for syllable-like unit #p & 3 &
(syllable pitch ~ syllable duration ~ syllable energy)
® syllable prosodic model for particular unit 4p ¢ 3.
(syllable pitch ~ syllable duration ~ syllable energy)

Flitdefedy - R E R e 18 BHECA| B E LAl G ARl y QAR £ R 2 3%

ooa AT Y L3 [19])] #H= @ o &% &5 8 07 = & (Discriminative Model
Combination, DMC) [21]) 2 iz k-2 €

DMC 77 ;2 §_ L % & — % decision error rate £1# %] ;% #c(discriminant function)4r
(4.4)5% » PRI - g E @ o S decision error rate & it 4t o

g0, W, W)
=log P(wW | x{) —log P(W* | ) (4.4)
= log[P(w;)P(x/ [w; )] - log[P (w3 )P(X [w%)]

(4.4):5 % W =(W,. W) R EFB > X =(X,.X) N EFH Sy € PW X)) R E A
CEXHHFBOEET @R EEE s a P(wY X)) R R B TR R A S E
BT EIIAREEFE DA § P(WT X)) A BARE T P(wW | X ) AR o A H
likelihood 4 » it & Heho 4T F 7 © 4 3785 35 (WER) § i | o o gde P(W) [ X)) #-

e RS M B R R 0 2 s td(log-linearly) e £ 40T
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Pay (4 [wg) = eXP{|09C(A)+Z/1 log P; (x| w;)}

(4.5)
(4.5)8 * A =(A,..

) R AR MBECA P A B E R E 5 C(A) R AR F]S .
PW [X )7 352 M B 7 B 0 B 80 58 Sfiedec B & T 5%

M
g(xiTiwls Wlf )= Z/Ij(log Pj (Wls | X1T)_|Og Pj (Wll | X1T)) (4.6)
j=1
% {5 #-% & - 1 smooth misclassification function. /(x,,k,,,A) > i 5 fiz Generalized
Probabilistic Descent (GPD) algorithm [21) % ¥

kS

il] I[ﬂi’}’i‘ Jm’}’g‘é‘ |g| A ) lj"l.‘—‘l»i»m_r’y. z|J

LR
F T

P8 W T 5 classk; m & B

RS Ty S R

TRz PRFAETFLX K, ),N=L. ,Nr=0,..KH2? N*Latdep ; k,®
2P Rt B X R B % KT =1 K Ak ik o

K-best & 71 -

&

11

LD(k, ,k,,) ~# Levenshtein-distance > & ¥ hypothesis k 45358 - 4%

E%é’ g}#@a)\l}i\-ﬁldl‘%lﬁ\ﬁkﬂilﬁéﬁ o
TET 3

2 5% 3% 42 = smoothed empirical error rate L(A) & :

L(A)=— Zﬂmnw

4.7)
1 X {nLD(km mm%}
(X koo A =14 AL =Y e Pialle)) | A5 0,B>0,7>0
= (4.8)
R T o anfae FHRTE LNELE A
For j=1,..,.M
A9 =1
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N
A0 = 20 +g;£(xn,knO,A('))(l—E(xn,knO,A(')))-
LD(knrrkno)
K P, (Koo 1) )7 1 ’
LD(k_ .k )log| —~n0 "/ (kX
; (nr nO) g(pj(knrlxn) |:p{A()}( I ):|
K

7LD (Kqr Ko )
Z|: p{r/[\(l)} (knr | Xn )j| '
1

A(I+1) — (ﬂfl+1)’...’l’$/:+1))tr

ORI P S

: 111.274605
#POS: 1.021641
#PM: 22.432690

> % = P& (+Prosodic break)

#AM: 10.223469
#LM: 125.614311
#POS: 14.166499
#PM: 20.945004
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#pd: 10.731343

#pj: 44.041885

#ed: 13.118249

#dl: 8.927853
#break syntax: 14.193851

> % = FEE (+Prosodic state)

#POS: 14.07456
#PM: 20.771852
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¥IF RAEREFELI

AF b M FRET T B EIE S FRL LR EATTA g ko I K Bagt

\:':u ip 'g‘ 'F"Ll”\ ’}ﬁ' Fi °

5.1 4e »Fp27 L FRLF

RS RPESEE T AP A N e r A RIR UL R LR T 0 4w 54 (POS) £
18 5L(PM) 7 30 s 35 = i3 (prosodic break) 7 #1 fr4}. ik 1 (prosodic state) 31 - 14
Byp o GRS F SRR S A § SRR 0 AR - S5 Baseline kLo A -

7| & Ae

l\\

PRE P nFd 4 2 S g - Z) 4 4e » joint syntax model 18 2 g %

ek

break syntax model % break-acoustic model & 7 ¥4 % & > % = 7| & 4¢ » syllable prosodic

model % prosodic state model i& {7 ¥+ &

% 5.1 : @ (word)yEn ¥

Accuracy(%)
Baseline 53.86
+PM & POS 56.74
+Prosodic break 57.39
+Prosodic break
+Prosodic state S
# 5.2 1 F =~ (character) ¥
Accuracy(%o)
Baseline 60.34
+PM & POS 63.26
+Prosodic break 64.73
+Prosodic break
64.94

+Prosodic state
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~

# 5.3 1 § & (syllable)y#in &

Accuracy(%)
Baseline 65.83
+PM & POS 68.03
+Prosodic break 68.61
+Prosodic break

68.89

+Prosodic state

T £ 542 AB5 R S FEE R ATfEE D e (POS) 2 R 8L 2 5L(PM) 2. R 5

Feu R * F-measure e 38 padt TEE L 2 B2 0k SRR o

% 54 1 (POS)FHn

Precision Recall F-measure
+PM & POS 85.16 53.91 66.02
+Prosodic break 86.03 54.10 66.43
+Prosodic break
| 85.14 54.22 66.25

+Prosodic state

# 5.5 1 #2235 (PM)FELE

Precision Recall F-measure
+PM & POS 72.08 43.88 54.55
+Prosodic break 74.60 44.83 56.00
+Prosodic break
! 72.39 44.16 54.86

+Prosodic state
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5.1.1 #H(POS)F%inF & /2

3 POS sERF 2 AF EEFRLE R OREE XM E 0 R § P rRLER
Fo ALK SHPOS 4§ R & AT AR * F-measure (it E 3 N g AR A
FFRLE AIE 2T POS AL Frchdic® H S MR AGRSRIL FEihiE 2 2T POS B

N; f-POS & % ¥ cniddc® R 7 ki w3t g POS crRecall (H/R) ~ @58t Fxin

i it 2. POS e Precision (H /N )» & {$ 4] * Precision 2 Recall 327 12 & ) F-measure -

2XPrecisionxXRecall
F — measure =

. (5.1)
Precision+Recall

512 {8 # 5L(PM)FHRF B 2

P EPM R A B EFRLE SRR R R B Ly rRLERT
Byral RAOPM A 5 & & 0 #7r 28 2 % F-measure st & & 3% 0 f A S AT
Rl FEEE LT PM FRR kAR BcE H 02 hrisna faeniE 22 F PM AN e
PM ¥ %7 ol #icd R 45T k4 w2t 8 PMeRecall (H/R) ~ 3%k Frenif 2 20T

PM «3Precision (H/N ) #. {55 7 Precision 2 Recallii.%? 4] #(5.4)5¢ & 4 F-measure -

5.2 PR & A Bt

J€ 5.1 & ey g o ?J‘l’é B e r — fAIEET R R y:;;:lgrsja )b et 2o
CHSEEERFIR FRELES T EF A - FRELI X - P PR ORI AT

DEN S X iy Sk B R NCE R Eoh E RISNE R SEE L
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5.2.1 4354 4%

MCDC p #{23F 5 d 2> S RA R ¥ ¥ - v FE RBRE EE W
BARBLAL ) BRI AR RDAERF]APEAE T PHSEE P
FEOTRISL G - BIERFRMOHT 0 FF LAZ B R @2 5t
PR Ak Fob o 2 o2 i £ i (43.47 dB - global energy = 51.80 dB) - #FEE T i

7,
R

Ref: ¥ H it T (R EZ & EX w48 B [F* g7 EX E 7
Tee #H " A . B NULE  NULL .3 BIE NLI 2 E ki % *FR T X B T
phenomenon ; EHLE> CHFTE> REES> EHEF BERES ERE

Bl 5.1y F L i ehiv]

TG T 5.6 R0 RS AT 0 SR R eSS 0 T RIS LR

Fa(oE) |0 N Faony [T N A

A (sec) (Acc) & (sec) (Acc)
1L (7) 0.183 57.63 9L (14) 0.175 65.08
1R (12) 0.171 60.72 9R (4) 0.176 66.55
2L (10) 0.175 61.15 10L (8) 0.147 47.39
2R (7) 0.156 36.16 10R (8) 0.167 48.71
3L (12) 0.168 49.94 25L (10) 0.159 60.88
3R (8) 0.168 49.37 25R (9) 0.160 64.33
5L (12) 0.172 66.92 26L (6) 0.164 55.76
5R (11) 0.176 63.89 26R (12) 0.157 39.65

48



5.2.2 FERE S 2 0

TG % 5.7+ % 5884 59 A MG de r Jh AT IS L P B AP B

A TR S B A BRI R B D T R f8Y No R 2
FEES(ENE L AEARE) $ =1 5 % - FFE baseline & Suehypnis % ¥ = 9]

Foe 25T R ET R PRI 0 X0 MRE NP R Rk B ET A e

£57 1 g e

mcdc-03-19_1.0080588

fj:% NULL )’I‘u Bl
B <FEEEL | # B1
1 <F aEEH 2> £ £ Bl
f% NULL NULL NULL
35 = E B2-1,B2-1

i mcdc-03-20 R0108676

- =j€{ <# &3> j*u%’\?m rjfm‘i BO,B1

g | TUgSA®EE> | NULL NULL NULL
# NULL e BO
ﬁ*‘“ ¥ 5 &)
18 £ £ B0,B1
7 B 7 B 7 B B1,B2-1
U R A R4 B1,B2-1
= NULL = B2-1
we $ri2 v Bl

+ . > >z
+#58: % &&3 %”ﬁlmﬂii‘g

mcdc-01-10_R0172836

B 2\ fpo AL B1,B1
2 el el Bl
= = = B2-1
2 =3 = B2-1
PR <3 L E> | 25 B0,B1
Boo<HEFHA>|® i BO
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2

Bl

fe BRI kI

=%

3 £ £

A A # A A B1,B2-1
s i s B0,B1
mcdc-05-17_R0150960

cRtall % & % & B2-1,B1,B1
e NULL e B1

. <F @& E 1> | NULL NULL NULL
AR ELE 2> |+ B LRl B0,B1
ol 7 B1
4%k B0,B1

Bl
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P A HE LR B ABRT APAHEBEREDZ e F A
FIHAUFLERS L2 E P NBEA e R ET Y MAP B2 T 00 M

B TP &% - FFE baseline yEaiacat 3 A A5 et L B - FFE R S d AR eh

~m

factored 37 % #1312 & 3 p A PHE 5 k3t kap i

“Fmr
T
Fi
&
*“i'#
“"3
i
il
4 q
-
ja
P
AN
1\,
H
&
=)

Ffod i A S R 3 et - R R B % AT e s 0 8

= &

2

=\¢

e

RER

FHREFR TR RN FAIEL AR B B PES 2o & 7 (word) s F (character)

vm}

3 & (syllable) g & & B ecie 1 4.43% > 4.60%% 3.06% » $+3830 230 4, chde ~ EORY
FRR gL R ' Bt E R T gRGE IR et FE Y a2 B
¥y g v B > S AR R € P~ i 3] 45 - (substitution) £ # | 4] 4

PH(insertion)aF 2 o ¥ *h BRI RISEEAL P SRS SRS o B TR ST

2 aE AP RS S E TR A (PN SE RROR M4 7 BF DA 8 R T
6.2 A kB

PEMES L HFTERE ) BAF S5 82 S RBE R Fa i EFLs s
ERfrF R R B R PEFE2 ARFHAF Y - FF L BRI E S B
Favter L7 F Y FER T AEF R IR %4 filler» i RN £ T
A A AT AR Aok F FE ey g > R 3 sneg ek 2 s 8- word lattice
7T TR R GGTEA 0 BB FRL AT T LA o A b 2R LATFRR ALY R
% word lattice {* &k ~ ~ FERERFEL - A KL J g R PRI OEF R > & LH

B MR R & WFST(Weighted Finite State Transducers) + -
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