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Mandarin Spontaneous Speech Recognition

Student : Chih-Hung Hsu Advisor : Dr. Sin-Horng Chen

Institute of Communication Engineering
National Chiao Tung University

Abstract

In recent years, the read-speech recagnition‘technelogy has been quite mature, and the goal
for the next phase will be transferred, to.spontaneous speech recognition; therefore, this paper will
establish a Chinese spontaneous speech recognition system. In this paper, we will describe how to
build the spontaneous acoustic model first. In the language model, there are many popular spoken
word, particle and expletive in the spontaneous speech, which has great difference with the
traditional language model. So, we will adapt a spontaneous speech language model based on the
traditional language model in this paper.

In the improvement of the spontaneous speech prosody model, this paper will re-define the
special prosodic phenomena of the spontaneous speech. In addition, people usually use the
acoustic model and the language model in the traditional speech recognition. However, there are
many differences between read-speech and spontaneous speech. So, this paper will try to use some

prosodic information to help the speech recognition and wish to resolve these situations.
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fa o AR E L A # (event-based) s sV 4o 3E F FEn vk [7)0 ¥ 3R Sl 2
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- E3p 240 M 20 3 3 73] (prosody-dependent language model) [9): * midp itdp = 2 2
SEHF o X pEER T E 2 3p 240 M 9% K04 (prosody-dependent  acoustic
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1375+ %

BhREwmY Y o MuZEr - PRpFEFES ML AT N ERA RS R PR F
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CAEHEERE [12)] 4 P LT IRE D EFT TR REE L E L3 2000~2002 & BT
Bl HFF A S VR o X 95 16~25 K ~26~35 k1 2 36~45 K= % E ¥
Koo E N 60 i E (37 23 P ) £ E B0 BfE 0 B Y EB e 8
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BT ) e AR SEHETLIHRZ IR AT EL L FHRETH AN > ¢ 4535
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% 2.1 MCDC FAR R en¥fsf 2 T 4 5k 4

A CR i FH HiE AL
(~ 48) (L/R)

MISC-08-male-25 R 01R 1 0E~ kS
mcdc-01 61

MISC-07-female-29 L 01L SEARSRD

MISC-10-male-35 R 02R KA EH ~ 5
mcdc-02 63

MISC-09-female-37 L 02L 3T R S RS

MISC-12-femalel? R 03R le~ B~ i
mcdc-03 61

MISC-11-femalel6 L 0o3L S ARERE PR

MISC-15-male-40 L 05L 1 0F ~ Rl AR E P
mcdc-05 63

MISC-16-female-46~ R 05R SRR AR

MISC-23-female-30 R 09R 1iE 3% F N3 ERR
mcdc-09 66

MISC-24-female-35 L 09L NES Y

MISC+26-male-23 R 10R TR s s IR
mcdc-10 54

MISC-25-male-35 L 10L SHE S BRER

MISC-57-male-43 L 251 IR N Y N
mcdc-25 55 )

MISC-58-female-45 R 25R R R I

MISC-60-male-24 R 26R 1 0% j\%k - Rl
mcdc-26 46 |

MISC-59-female-37 L 26L ~ BAR -~ HE v s B4E) B

212 FA RSB
AEEEY Y AR RS B T I LR A BRI A RO Y
LA TR S T EREEETEE ) EE S A £ N A PSR 1L

WAL FERMEAFIPHLEFHF o F NI EFH G IER HET 2 A



Ao AE TN A R AR A AL B R A ST A A e B B o Bl D v

<segment> 5% 3 B
<voicefile>D:\MCDC\stereo_01\mcdc-01-01.wav ik S CEEE- Y A
<speaker>MISC-07-female-29 3% # 5
<start>077458 PRB FEBEES Rh F AR
<end>080547 PRl FEBHES HL B AFEY
<translator>Fen [*< FHE B A x/
<chinese> PEEER N F 2w F iR
NA #f - 2 w2 (5 j¢F # A1 ¥ (unrecognizable non-speech sound)

</chinese>

<english> P3F 5 23R Ree

NA lai4 xianl shengl [nen2] nin2 cong2 shi4 shen2 me5 gongl zuo4 (unrecognizable non-speech
sound)

</english>

</segment>

22 pFHEF R LFNE

PAERZFREPFNF AL R AN PN F S LEET AE e L AR
BFFEEEFFI LT AR n A2 - L REFHIEF AF 2 277 57 RF
B o(word level) { 5 F B2 75 > B 4e3F S VREFRIPFAFIIR o N TAPRAEEE
MCDC L B ¢ # DI chis |
® R ¥i:P(particle)

PERBIZAOR AT HFY A RE S Aeor R o F P NI EE G oA
-~ FAAHBERF ORI Glic t ASBASLASMA- O -~ AR EERF SR ¥
ol4c t ALYE~EI~HEN~NE -~ NEI; = ~ B> S3F a8 0 #l4c :EIN>HEIN~HO ; »
# e g5 (Fillers) » 504 : UHN ~ NHN ~ MHM ~ MHMHM -
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FEEF 5 (uncertain) o &2 FERGRE R SR R A AL A AT N2 LR ZIRLPF
PRPF A ARIF/F L - THRNAMOFINF O CRBEFALF R S

REPBFLFRINHET o eV F g gy o
® ::7 = #3 (Non-Speech sounds)
CEHEEMAEY AN EF - L RS R AF AT AL AETA S 2

B3 = I % (para-linguistic) & 2535 % 3 % (non-linguistic) - — 4k eh2t3%

mly

T

RPTHRHLBFZT RG> bl ZHE BB o REST R D a5 DR A4 A4
FNRDRFLLF TG blhet F R B BT SR BER
® v

EAE Y Y M2 F 0P BTA0 & owEk(silence) ~ i% #E (pause) s <& i #F (short break) >
FH hREan? FIRRARETR G L pE AT A 4 2 R
® tiiwf IR % (disfluency)

PP EE S RN ER N BERERE A A B2 PR LR LR

(repetition) ~ #3F { &t (repair) ~ % 4" & F(restart).+2 0L 3% (editing term) - € § Lip = ¥

B AR i FeanZF e hd b o L L4635
IR A & 93 (reparandum) 22 { & @ FE (correction) 2. P> 2 F NI AR B E AL £
RY > BERFELRE c AT AR PEFBH Y WR(P)Z R L2 @PFE LR EFERF2

BHE ARFERANAERY A BERWFF L BRI AL by FER Y RS

i34 Y $TEEE 2z A F*Jo T ;;;gﬁﬁ,ﬁb,ﬁ;g;ﬁu@%@q :

A (b L 2 3038) [ & 4655 ](L 2 505%)
B LRy AFR 4+ 2 an(f )*(H L)
B LR S e LR A(S 2 ) [EN](T 2 )¥e &
B ErEREL: ()G R)RIASER
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2.3MCDC 3Z3H B 2_ 18 R

d e LE T RFTEAT T2 release AP T AR RAEEFREEEFTF

e

FTRAFE ALY R £ T A AE A S AE RS 2 S

2.3.1 $5:P ¢ 4p B sut
B ERES YRS E T A A AR AR WAL F g R G A
S fEes FI AL A ME A S E S AR R FASLE LA ¢ I 2 8

FEHMCDCzZ ~ F & B i (7% 30 o FltE e 0 ¢ FF [ end63F 37 (4 (Part of Speech,

POS)(% & *it#5r— ) 5 Hhetf » 4 F £ WA 2 6737 R eal(9a0 16 #1002 #RR R %

Bis A1k AN B e Ml 3 e

® - r()Rze gt &) ¢ A(Nh) - 2 2 (Nc)

® R LA aAes s o) L LASHON

® T 2753 A4 7 rARR(FEW)T okl VCDFW) -~ Why(FW)

® &3 R % (paralinguistic) : M7 { P MRse e {257 5 B) ~ {F % &)

P )E:‘?a 4o

MR AP F L

ok NA{E€ am4} & {£h7 ¥} & {£ R84}« ¥
{=F B}IHEN im4 NA BT F & AT T

O Aa- oM odHrr {2923 %)

Aop o A EFE {Bf BYEN b F

MET AN R

K(FW)NA{¥ B ® 4} A(Nh) {£ & ¥ 8} A(Nh) {£ B2 4} =~ (VF) i (Nb)
{5 # H}HEN ix(Nh) 4 (VH) NA 5:3(Nd) %(P) /3 (VJ) & (Nf) © A (Nep) # 5(Na)
O #(Nh) &(P) - [Neu] :INfI(DM) 2 B (Na) = 2 (Nc)  5i(VA) {#:F 3 %}
A (Nh) g % (Nd) £(SHI) /&3 (V) {&=# BIEN * 7 (Na)




BFAFMCDCHEME2ZFZ B4 T 0 2 &5 & (word length)r2 2 3744 - MCDC
FARSD AFE Y ETREES R 79935 3 0 W21 A B L 2 B d Bl2.17 @
&?—F,- MR- FHEEZFA G R IBRPE93.66% ; B2.2% @2 A F i ¢ FW »
ParL % Par4 %] % - foreign word ~ paralinguisticr? % particle o d pt ¥ jFp| 4 iF* AT P2 < 5
M- FRREN S FHE A G o d R ER R LR S e BI2.3 5 3FF R P & B sub-turn

g E A 0 BT AR ER R Ea R 5

45000 (40309
40000 | ey 34555
35000 | —
30000 |
25000 |
20000 f
15000 |
10000 4288
5000 | 572 27 12 30

B 205 B P s T ]

30000 26405
s
& 15000 r 11144

10000

3939 3798 3078 2900
5000 f 1014 2607
O 150 1 |_| 1 1 1 1 1 ,_| 1 |_| 1 1 |_| 1 |—I 1 |_| 1 169 1 1
A C D I N T P V DE SHI DM FW ParlL Par
POS# %z

Bl 2.2 : 34 E ¢ POS fasg 4~ + B

30RO > T K46 %5 POS # 1 u{ga 8 % POS > ﬁi”%ﬁ@.%;%%ﬁt%’ "R —
2 A MCDC#ZER® > i i & 12 particle ~ f§ & & w 37
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20 DU T T T T T T T T T

1800

1600 .

1400 4

1200 .

count

1000 -

800 .

600 .

400 .

200 .

U i _— N L 1 1 = L
0 20 40 60 80 100 120 140 160 180 200

Length in Syllable

B 2.3 : :ZFVE ¢ & i sub-turn 2 3 & #ic A i B

232 His B 5

B2 PR A HC PF 0 1R 2k 1 55 (puUnctuation makes)ds gk B 4 4 eh3p = i #F (prosodic break)
Tl blhe b Bl T g Sl g LIRS R Be gl T 2 kR g R ik
AELT e FEAet TG O RELEMAE L o B AL %K MCDC ¢ F3EHE
R s e BELe 7 T vT s v e (W1 s Tn 2 T o ficemri &
- LR EETE LA @8 T particle R L) ST H g w - B - BiARAA KL T W E

FAEER R EE G RHFEH o T LS RBE: ?:f?ﬁ’vlji

E » + (D) #(D) &(VG)LA !
A (Nh) #£(VC) #.8(Nb) $|(VC) NE GE .8 ¢ %4 ®::(Nc) o
NA 3% i (Nh) ,Tf‘u%';(D) 7 (P) 2 %(Na) t(P) 4% (VC)

EN » NA 3% (VE) EA(D) =+ (VG) &(Nh) ?
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233 iR % ¢ WE

Yo RITZLRWIR G B p FHE S SRR - BE R GIRRA AP R R 2R
IR I A st o B A 211 &P F R 2% 4 4 2 6570 i3 ¢ sub-turn 5 AL
God Mt ¢ § 1225 B sub-turn B A4 LRI IR RO G 0 B 2.4 B 25 AERE Y
4 ZEIROF IR % T % sub-turn 0 S Hfr S A GR o YA FHEP R TER )~ TFEEL
gz T d g 2 BBact 5 1011333122 665 4c4 2.2 9751 @ AT TR ITT
e F g &R (5 136801 B)FRG T i AL % ¢ ¥TEEoNE E i 7 (candidate) 0 5
dOSEE G 2649 B MTEEDR > d B P ARt FEER Y MR G P WEk2 5
% 1.94% -
# 2.2 : MCDC, 3 #L#disfluency £z IP ! 72 & #c
Repetition Repair . «Restart B

i #c 1011 333 665 2009
IP i #ic 1518 362 769 2649

100

90 .

80+

70F

60 |

50+

count

40

30H

20

10

0
0 20 40 60 80 100 120 140 160 180 200

Length in Syllable

B 2.4 54 2n P RAR g2 3 S hch i
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100 T T T T e | oA st 74 oo oL g
90 o
* .

8o} = .
. 0} - B i
9_\°’ s ¢ o o .. .
= PR v *
g 60| 0' . . ¥ J
3 FOl SO o B
B 50 ~ * * L ad . o ‘e ”» -
g s e
Sl Aa e #U . .
_g ~’. + '.. *n o .
a . . ..

1] SN . 1

- % -
20FM . 4
MR
1] S .
0 & L 1 1 1 1 3 1 1 i
0 20 40 60 80 100 120 140 160 180 200
Length in Syllable
B 25 7 ko3& fics 4 Fsapal g on s 1 % A 6 ]

234 B3 &g

L3 BRI R Al

e AR B TR ARy EARY [11) 222 p 3 1EES BE2E3 0 1

* HTK #0882 58 28§38 oh™ 505

iR E R EEFRAE LM E

—_

F
PANEEAF AP R

REEE S AL 7R ERERAT

o BRI Lo @IF - B Sy HE R

7 (Intra-word) # 1 54z 0.1 4 < pause » B 2 i fzk A ¥

FEAMG RS RGEOFRF A TR R 2 o AATd A TR AP IR F R

N

Bl g @b M AR IR T RN B £ 1)

mls

% 27 HAE S B RE A o T AIAA RS

13



A A - (RE R SRR 4)

du_i| du_i| w_c'| Zhil Sp| da_o| w9| zh_i| dapl

- =:»DM»»WMWMW

|
|
i
f

an chens| el sons| =p| 1
A = pary M e it T Al e,
Y L L TR e e i e et b = L i e o

R
|
|
|
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§3E;ii Ei%§¢4?§lﬂ;§i & 5

R e T s 2. FEAER LS = F=lEE = R r
f1* MCDC F AR 11 2 é'])}?}"\ 2B g2 HTK(HMM Tool Kit)sicdg [13) 2> - 2 p #1H3
SR T Al MCDC 22 3 FHIZ A ES 2 3 FRDE NG B RE T

Al e 3L F RN L BEEWA 2 E 2 AR 32BN 5E2 R AFF S A E o

3.1 B-F #3

3L HGEHE R A

e

- T >
oM g FFa

54

4o 55 ‘},E-/”\ﬁﬂ?” ﬁv%‘*‘z‘ iR Fé‘F%‘}l 'Z‘;%’F'V 7f§‘,§'§l e'

5 3]

ey

<P T oa 5 = fE w5 e ik (Speaker Dependent, \SD) 5 ~ 3% 4 #b = (Speaker
Independent ,SI) 752 2 3 o (Multi-Speaker) s o 3> o fFHa « Seamg it £ & fie >
F4eT o
® AR iRFEE KL
RIFF A PG AR - F F o

® FHIBIIEE M

VIHGEF B REAFF AEF A R A e
® SFEIESLR

WRGERL SRR A R R PG 93 L

REE P BN - B PR FELAAD B O EL Y kT e R 2 A
RHT S E IR ALY YIHGER S § 16 FE Y £ 910 2558 BT e

M ofleRrz. V1033489 5 AT 7 97 * 2 Pl Himii  Flde & 31 2 4 3.2 9757 ¢

15



% 3.1:

PRGE A

sk 21

VU
411 syllable | Particle | Paralinguistic | Uncertain Filler | Foreign Word
3 &Kk 104,736 9,688 11,289 3,725 1,743 156
B & 131,337
K RIGES S 6,121
2 HE R £ 8.97 (hours)
F 3.2 1 RIGRFER R
411 syllable | Particle | Paralinguistic | Uncertain Filler | Foreign Word
5 & ¥ 12,156 916 1,186 546 253 20
B 15,077
ERASEE S 417
3 HE R 5 1.09 (hours)

312 B {2 % =

3.1.2.1. % e $ chh B~

BYTRECA T 0 F R R R A e R T SR RORGE S B 2 Bk
SHc @ S R

Cepstrum Coeiffient, MFCC) -

3 it LIRS e 5 45 7 5 iS4 3 % B(Mel-Frequency

KRR G S R Sl 1 32 F 423 P ¥ (Hamming

window)® & =45 10 £4) 5 - £ 4L > K3 12 8 MFCC ¥ 4c } - @i & fadlc > 11 % i 13

B ik - P2 1% £ (deltaand delta-delta) 5 dF e dodic > e B e £ & S dic? R L #E
A2

e

Ll F] ) L—i!f c Rl P 3B AavEFL AT ES TR EE S bk LAY

» B PRS- 2E R0 % (Cepstrum Mean Normalization, CMN);?%LLL 0 %‘4 FiFs %

Lz i g A e
3122 B8 HA|2 & i

AE A1 [11] o7k 22 p 5 H3E 3 88 03
16
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LRI FEZ Y T o HiE 2 nARACB 3L T o d N P EEI N R LE 2 F R

-

XA BRI T R B OANR S R M R AR M B AL

\

X RB I AEE - BRI FR AP SEAw AT A 2 5 73] MCDC 3

P

PLBER RIS R TRE A BEE - B 8o TR BT 234

-
ey
d
e
peics

e
M
o

B
il
‘;:
i
=
W
=
o

MCDC

MCDC
speech data

transcription

v v

Old MCDC
Acoustic
Model

Forced alignment &
Syllable boundary
correction

Syllable

boundary
information

Isolated Syllable Training

Increase number

Forward-Backward Algorithm of mixture component
in each state

RCD Initial/Final
Acoustic Model

B 3.1: & HA) 2 E > 4

B TR HTRE AR LRENT S UTAVRE B EL BP0 W

N

AR P FHFIG EFF ARG EL PR R G E o bl R RGP

17



PRERE A R BT MG AR YRR ERY R Rl [11] 2 g R

\:

FEERE S U AL EREART S22 Al > ¥V b2 B EFRA] Atk

)

=k
5

SEA - ?fﬂia-#ﬁtﬁﬁ #¢ 3 3 L H-A) (Filler model) -

AT 2RSS T A A RR R R A SH o R SN L AR B
(Right-ocntext-dependent Initial/Final Model, RCD) - # — & ##* 2. HMM #-A4]4* 3 Bd 2 3
< (left-to-right) e i (state) % 7% : @ 3% 2 HMM H-3 Bl4k* 5 Bk k& 7 > ¥ ¢h 3 A g
Az EFg A LRRERLT o BP9 & - BRENTID64 B3 AT 2 3208 & #07)

(Gaussian Mixture Model, GMM)#s it 2 3 e S8z & F > 2 #7322 HMM K 2404 3.3 #7577

# 3.3 HMM #-3 2- 3% 2

HMM 23] 47 FISTRE S ik 3
RCD initial 3 100
Final 5 40
Particle 3 24
Uncertain 3 73
Filler 1 1
Foreign word 3 1
Silence 3 1
Short pause 1 1
Paralinguistic 3 9

EEALPL A AT FHEEE R G A F e s R hp ey

iy
@;
iy

7
=~

Flm A 4 7§ & & & (syllable contraction) s % o gt A7 A1 HTK #d8:+ 5 2 B 5

EUA

>

AGESBT > FARGES RS <30 50% 0 B R R AT AR 0 4B 3.2 fron 0 I E

FTEHICH B T ik o o

A MCDC #4145 Tco,~"no, mz s o, 2 #2474 ;Teh,~Tyai, m2 Tyo, 2 5% 4 -

18



3139 %L E

- RS 2 s A A GRS KT 0 TV ART 7 -+ 3122 > 2. MCDC #

EHAHRIRERE T SR TR s A IR o Ay LE 2 - B free-gram

g3 2 A 0 2 ¢ 2 4115 & - Foreign word~ filler ~"Particle 2 Paralinguistic % i 4p
s

BEWIAAE - #£F o Ay 2k HTK O ZAFRIEAFEF & 755 > 7 § & 17 5 PR &

H~,Hd¢ & 7 411 §F & % Particle v Paralinguistic~Filler s Foreign word(Eng) -

% 3.4 : MCDC'% & ym

Correct Accuracy Hit Deletion  Substitution  Insertion Total
Syllable  51.74% 48.74% 7,779 2,139 5,117 451 15,035
411lonly  52.45% 48.55% 6,868 1,684 4,542 511 13,094

ARTE 24 WPRLEF AR 344570 d A ¢ T R § 12355 ¢ #1% 214 3% (Deletion)

BER S > Gd PRI F BB APV IFRN 2 Flo A FHEY FlaFRRik g

%

SN

w

R E R LR R AR E R P FUNNIECS- SN IR -

H IR BE o i € 3 4r B~ 1% ) (Substitution) 2 M“% A (Deletion)és 3% > 1T 5 - AT & & H

N Tk

19



& F£ ¥ % (canonical form) 332 % % (surface form) 45 %3] ik (error type)
zhe (iz) jiang (%) B it 4
yang (1) NULL # "%f 4
AT T RHRESFENALF S5 ) £ 34T B IRFERF T > b2 F)

BREEES G RGP I BET R RS b AP v gt

WoGde » g EypE A~ > R H 2 F3EL A

p ¥ 2 F R (transcribing)~ #-€ 7

EE SIS LRy Ty

ERVEER TR e R

T2 PRS- RS BT R GRS

TR A - RS DI AR 0 ATIL R T

peec L gt o 3P BEE A A R 6§ RS hfTes .

20



3233 #2

4 ety zﬁ;m i e

PI > A T g R R - R R0

- At 53F 5 f0al(Language Model, LM) o 3% 5 R 0 5 0 B 03] ¢

—_ [ . S T —
P EAl NS o W < R

Al B A RAIT G W

PR R -

3.2.1 4 222

3211y ER

AT R i Sk E e zi(Sinerama) YNTCIR 92 & ¢ F [ -t g% 4L 2 (Sinica Corpus)? 3t

- % 4>% read speech #73% 2 fie

PR 4

GBI o d

23 FA M2 MCDC e 3 FAAf - 2

Fii

AAMER IS E LS

) (7T AR B S General-LM, GLM)) - #7533 v F R

% 3.5 7 GeneralcLM &R F L szt
1T L 3 3 (Word) % #c(Character)
SR AT 11,348,465 15,669,241
NTCIR 59,862,541 83,116,970
T HE R R 5,816,309 8,078,119
&3 77,027,315 106,864,330

3.2.1.2 #3423

~5 5 £41* General-LM <

:—}:?%}J v g eh N B g B nE R LR 0 2 )

| ¢ > E R A~ 3

* 3944 T 2 (back off) 2 i@ * Good-Turing discounting & = @ = — i (bi-gram)sz
HEE N eB-D)78 %17 o A VHER R DR B MRk > PV R L IR

21



BB PR

B PR & 8 A

Mzfh e PS8V &7 5T
a(w_)-P(w) C(w,_;,w)=0
P(w ) ={d, ()T 1< (ww) <5 G-
Cwi_ Wi
(Cwil_l ) C(\Ni*l’vvi)>5
’}5 TIHGERLE 2 E > TV R AIIRGE S

PP 3 o

B A2 A ] 3-3 1o
Training Data

Language Model
Training

General-LM

(bigram)

H

7

@l 3.3 ¢ General-LM 2" k.~ % [B)
¥ (Lexicon)ehg 4 § k4%

P 3

I 6§ 30T 5 L o i B 3.3 2 pHURARBL TR Ak > — 2 g General-LM > 2T A
B4 L 3E S iCdlg MCDC <~ =

,a\

Al nE =y o oF LR ek
FEA

EEDGE

3.22 %

3.2.2.1 f & piE

F2ZPRE ~
d ** General-L FRF HED
s q‘]LL_gg%iE —iiﬁ,’**’&'

5 p#ME 3 ¢ o0 Mparticle ; % T paralinguistic | ) 0.4

FMELE AT A PR E EYEE 5 D particle 2

paralinguistic 4% 3 ¥ - particle 2 paralinguistic #30H < 4e » T|FELF L ¥ o A
22

EX

g A



T H#-pe ) 27 47 particle 2 9 #F paralinguistic § 1FATeELE © o Ao T & AT

# 3.6 1 AFELF L P 4o r 2 27 5 particle

A HAN ME @)

Al HEIN MHM SHEN

BA HEN MHMHM WA

E HO NA YA

El LA NE YOU

GE MA NO ZHE
NE-GE | SHEN-ME | ZHE-GE

FEILEF & ¢ 4~ 2. 9 5F paralinguistic

%37 tyt
s | ek | ool | B okE | s e
AT L

1

3.22.2 A F WAL K3

AT P > N MCDC e g F Al % & =8 7R 4 ) ¢ — 437 (Lexical Word -

LWord) ~ particle(Par)# % paralinguistic(Para) = 7 -t » 24P # 12 MCDC < F T @ 513

P, (G(w) = LWord) =0.763 ; R (G(w) =Par)=0.110 ;

.Lﬂz

IR - R S R s R AR

P, (G(w) =Para) =0.127 > 4c§] 3.4(a)*77r o #4717 #3-H 4= General-LM ¥ - 3% ~ particle
r2 2 paralinguistic % 5t 513454 MCDC < 3 FAlérip B & kendi st bt » 2 3
B o 340)4T T o BT RAPMFHRAL S = BIEEK 0 1A Fenfz B 228 Tarticle ) 2

"paralinguistic ; 4v » F3F 3 #7341 ¢ > B R - @G RR) R FT e e o

23



Spontaneous Speech
General-LM unj-gramz2 ALTFEE(MCDC)

gG(W) Par)=0.11

P - (G(w)=Para)=0.127
P (G(w)=LWord)=0.763

B 3.4(a) : ¢ MCDC f& ) & 5w 4% &

_ Spontaneous Speech
General-LM uni-gramZ2[i T FEE(MCDC)

23.7%\5
Pepc(G(w)=Par)=0.11

P opc(G(w)=Para)=0.127

P (GOw) = LWord) = 0.763

@) 3.4(b) : #-Gerneral-LM i ] 3-4(a) iz & et b £ 374 fie

» Stagel: %4 particle 2 paralinguistic uni-gram % s

Byt B BN P R gy b A A e g w2 IR 5 ok A e General-LM ® uni-gram #% ¢

FRA o AN A MCDC = 3 F4 ¢ & 1 particle 2 paralinguistic s} 4% 5 B, (W) » 4

4

PE o F AT particle 2 8 F R {ek-E 2 H & MCDC ¢ &9 particle #f %] 2 2148 5

paralinguistic 7 & 4yt » 40T 54

24



ZPM w,) =R, (G(w)) W, € particle, paralinguistic (3-2)

BEFAPAELP IR W) R - Bl #E
2R (w)=2-R, (w) =1 W, € particle, paralinguistic (3-3)

B {8 o AP £ F74 e General-LM A2 s uni-gram 3 B 0 H 5 F V4o T

P, (G(w,) =LWord)-P;(w,) ,w, lexical word
P'(w) =1 R, (G(w)=Par)-R,(w) W < particle (3-4)
P, (G(w) =Para)-P;, (w,) ,w, e paralinguistic

EEALR e # P - i d General-LM ¢ RA 5 1 kehis kg b & MCDC @ — 430
I I S o Gt AT word 8 5 ek &
D> P'(w)=>>"P, (G(w,) = LWord) - B, (W) + B, (G(W)) = Par) - P, (w,) + P, (G(w,) = Para) - B, (w,)
w G w
= Z P, (G(w,) = LWord)=+P,, (G(w,) = Par)+ R, (G(w,) = Para) (3-5)
G

=1
AP FFERCTF] A AP T | b particle 2 paralinguistic o bi-gram % 3 > F] gt 24 i - particle

% paralinguistic = back-off dicys % &1 -

» Stage2: # % particle 2 paralinguistic ¢ bi-gram 4 &

d 33  Read-speech(General-LM) < = 34 & £ Spontaneous-speech(MCDC)~ F
FHELERA > @2 & General-LM < F 358 ¢ 2 € 5 paralinguistic ! 3% - particle » &> >
F]t #F E 45 % General-LM £2 MCDC < 3 T4 & & '3 bi-gram 3% 3 #3105 & - #3048
particle £ paralinguistic =7 bi-gram # 3 prdte ¢ NI EE E > A F R F AR ML DT85 o
A% MCDC ~ 3 F {8 » 2P 7 4 I 5 & 374 particle & paralinguistic Ap4& i 3 2 % -

Blde D B AP E 45 R General-LM 02 3 F k& MCDC s 3 T4l & E 9 RA € F1 5

Count(%, A) < Count(%f, —(E) *a & 2 P'(AJS) < P/(—(E|3) et 7> e £ o 12 d

* Count(W,_;, W) 4 77 30 W, 323 W, et dic o
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MCDC # iz i TA 1t T — B ehfs 8 2% 5 o 5 0 B2k A5 4 > A s * Deleted
Interpolation Smoothing [14]) = /# » A i & — £k particle 2 paralinguistic 4p #q-ﬂffﬁ d 4 »
particle f= paralinguistic 7 uni-gram # 3 k3% = # bi-gram % 3 -

B £ @i Deleted Interpolation Smoothing 2 3% 4 -

P(W‘W 4= O{XP(W‘ D)HL-a)xP(w,) (3-6)
Ha&yes E 0 F Rbi-gramis F P(w|w,) T oA i A rET Y &

uni-gram#% & P(W,) #xinterploate 12 if |48 38 chsc % o gt = jE g * 34 & F 14 (higher-order)

n-gram 3% % #7322 i< r# (lower-order) n-gram:% 3 #-2] > %1 2 - B § FFn-gramiz 3 #-3] ¢ &

FoF B FORF G N IRECE RO TR R A T R PF E 2 n-gramE 5 BRI T i T R iR

£ REELL DI F5MCDC e 3 FRE S, AL E#d MCDC ¥ &5 ke
particle 2 paralinguistic 7 uni=gram 8 5 P(W,) =@t 2 ¥ 3L — Fa . B 4 enfz i 2 ,T&{:iés-;fg;
BB g b eh? 3 A B R o Class At (e - 39 ) o dept - k& B Class
R € WA > B od MR E NRRAFT R 5 o ATt kg * Class-based 7 2
ks 5 (3-6): ¢ P(w) 2 5 ~ k-
@ ¥ue Class-based bi-gram model # % ;% 2 &40
P (W W) = P(W [G(W,), (W), W) x P(G(W) [G(Wi_,), W ,) (3-7)
Bk POW[GW), (W 1), Wy) 2 G(W,) 2 Wy db 2 2 PG(W)|G(W,), W) 2 Wy b2 BT (37)
ERR &
Pass (W4 [W; 1) = P(W; [G(W;)) x P(G(W,)[G(w; ,)) (3-8)

0 (3-8)7 B e gk fe B PI(W W) 0 A R TSI (G(W,)) A £ A BT =

fasg s @ G(w,)=LWord, Par,Para » » % % 7 " - 43> ~ TParticle; 2 " Paralinguistic ; -

26



4 38 %49 MCDC 235 4le #7112 B il & o

B is > AP TT i (3-6) kfr(g 8) Ll AT AN

P'(w [Wi_,) = By (W [W_)+(L-a)R, (W |G(W ;) Ry (W |G (W) (3-9)

A a=Y Py (WW,) o At @@aiad s (392 ¢ Ak Class-based » j# p5&_i &
W BERWL 2 AT BPW 283 B, (W|GWw,)) > A F R E R, (G(W)|G(w.,)) A
Lad EBRA P Y 1 e Count(w_,, W) ¥ 3P w5 5 & F 4 JRepParticle & Paralinguistic
PE(bl4c : MHM ~ A~ @5 ) - £ B 3 i * B, (G(W)|G(w,_,)) 4 # Smoothing ¥ ¥ it 7] 5
P, (W|G(wW)) # F ix~ 3 & B B4 bl4c: & MCDC = 3 F# ¢ Count(E,0) ¥ % % » @
Count(J&, MHM) { {ﬁr S Tt IERAE Smoothing. 3 > 2 @ & Smoothing ¥ & 2 & *
Py (G(W)|G( L)) B € F15 By (O|G(Par))< Py (MHM|G(Par)) M g A P'(O|%)<P'(MHM|7%)
g 4 o e E AP e el - BSE ) TG TO il S 6 TMHM ) 3 4137
oo Fpt AT HEr B, (W |G(W,)) K e Smoothing & i /-

(3-9);% &_i% & @7 particle % jparalinguistic 4pd&4%% > @ & 2z » i & General-LM &

bi-gram F¥ » F 5 $0 5 # 39 W, @ 5+ 2 KL Sbi-gram 4 % 4 ﬂmiZPMI1>1’

FREREAPGE D Ko o BlE R S F e 0 LR d > AR AP i
#p 02 Stage 1 pFef 4 > B B ey & ERTIEA e FIL AR BRW_ 5 3 0 A eh
NF deT o

Pu (G(W,)|G(W,_,)) - Pe (W; [w;_

W, W € Iexical word

P'(w; )= (3-10)
| B PM (G (Wi)|G(Wi—1)) 'I:PM (Wi |Wi—1)+(1-a)PM (Wi |G(Wi—1)) PM (Wi |G(Wi ))]
W, €lexical word , w, € particle, paralinguistic
* g Count(W W) @z & 8 W, 22 W, 7 ¢ I 3+ lexical word -
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% 3.8 MCDC *® & #g %]z fpdeis

Gy (W)
Lexical word Particle Paralinguistic
Gy (W)
Lexical word 0.830 0.068 0.073
Particle 0.426 0.168 0.187
Paralinguistic 0.482 0.119 0.192

> Stage3: #if — &2 18

i

AET g a2 General-LM B AT T A B Y ¥ 3 AR RS G b

(General) » @ = e m FAf AP e ShhB di- B pFHEES 45 nBRE A2 85 47
5 MCDC 34 2% 7+ 25 7 eag(domainyesnisdids & 4= 4538 3 B3l f e 8 — 43
DI e B F oS AdEG A M General-LMH- MCDC = 3 Ffl e lr4f 88 T
iR BRSBTS BRI G SR M RFATERE T Lde BT A H LI R P e
AL EE231Y 2L A FMAEMCDCHFRRE Y - T30 - 3PN RBFEF 0 &
Bo— s F R - RSP AR R B AR B g AR S T
g X F 15 (Maximum. A Posteriori, MAP) &z & 2 k2 = - £ bi-gram 3% 3
A aE s

1B SRR pb ik AR

MAP m 27 * kg TR FHEAh- 22 > Hexd add - Be o3 S, ?

(model parameter distribution) X 2 2 3 "V

w

7 #(observation)W erfi-jw T
Xap =argmax P(X |W)
X

=argmax PW |X)P(X) (3-11)

H¢ PW|X) 5 BT HW i & (likelihood) « #t = % chi & A £ % AT BB AR5

P BB A R A I S B g 2 AR S eI Sl B AR

FHeh S B A1 £ -

28



3.2.3 #F 3 A & 45

T3 A ¥ £ B B R % R (perplexity, PP) sk 2|7 o R % B A3 Ak
(information theory) @ & » 4 5% :

1
H:—HlogP(szl,Wz,...,W ) (3-12)

A B W=W, W, W, 0 $530E BRI a2 E R (entropy) 0 SSiE iy o
e nRARvEERY (3-12) - H L&A

PP =exp(H) (3-13)

FP(W=w,W,,...w, )= | P (W, [ Wy, Wy, Wi R 7 25 IR > 3R @%&{P(V\Ii | W, Wy, Wy )
% T o oo FlU R A B R L5 S ANGRL- BAR R e 0 T i
TR R RARR 0 Aot BRESER SR R 7 iEdE %”ﬁ.i’sﬁ":“ﬂ*kiﬁ# Ilrgr in
Fh K2 PRSI mE X
F# (3-13)5% ki A p B % L EBE o el e drd 39 7m0 d £¢ FRR
T e Stagel pFv i 3% 3 B3] M Bk 0 Particle 2 Paralinguistic % 5 {8 > R X RFER i F
AT %% ) B Stage3 PE A I v R BRSNS L A R IR R AT E o a3

oo BFE R AFERF L AFTRAEST I URRE UG

439 F AR R

3 1 4 & (PP)
General-LM 748.7
Stagel-LM 598.15
Stage2-LM 547.46
Stage3-LM 394.8
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Frd §EEEE e
AR [11] T2 2 2R EATLER P FHFF P SRR ERE » X4
*

FH GELY 2 B S8k 2 3 R (transcription) b si3E 3 Sodic 0 12 28 3¢ (unsupervised)

SR EE R Tt S i = [GRUREA S P SRR IR S 1 e e S

ke Top-N 378 £AT AT A2 B2 378 Flg s o 234 41 &4 B AR R
A2 Hg 4 Ravie i 2P AR 43 S R S R R E A 47 5 44§

hi R AR R R PR Sk o

4.1 3p EHCRIR

Bk ] B A e i e 2 AR SR O 2 SRR 2 B

R B R R S AR S 5 e e e M

v

4119 2 FIREREDIRE

¢ ggh ’fi,fs:;-f#{fl Fé & t2 en3 4x (hierarchy structure) » o A& 3+ K 1 & 4 5
(Syllable, SYL) ~ B & (Prosody Word, PW) ~ 3p =& ¢ (Prosody Phrase, PPh)rz 2 & 33
(intonation phrase)*tH = o gt ¢t » g8fFHE 2 [15] #& 1@ 0 PPh o & & - Beren
(Breathe Group, BG)k i* % % ¢l 2 B § A4 2 3 S L AF AR 2E 0 o 2752
t Rz ?1;& C B A d R e BG frie s endp 23 (Prosody Group, PG) > B 171 R AL
AR L AR IR Y Y RARPPh B A F 5 £ 7~ (0 § # 3% (Discourse

Marker, DM) & $5 =32 ~v (Prosody Filler, PF) » 14:& 3% 4837 7 PPh > 4] 4.1 #1757
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SYL SYL |B1/BO | SYL SYL SYL SYL

Bl4l:® 2 FH sk Eimd
PAERFRRESEOEY [11]) #& &) - % # 5k 35 = m % (Particular Prosody
Phenomena, Par)s ¥ ~ » ;gﬁb PRt ¥ERVRAGE P e aFrRIpER G ¢ 7 IR EHMErA A
FEAERA ZFP AR L2 MU c KB e Rt E R
AREPE2ZFE  SLRER LT BB [ REARE S AL &L 0 RED
BoAl 2 s i 4o @ 4.2 dan 0 AR R P RGTTIL] Erdk i en? 2 p B BE AR

+4fﬁ; AHITG e 1K 3 BT o

BG/PG BC/PG
PPh BPI Par BPO[ PPh  |B3| PPh
[PW|B2| PW | PWiB2 [PW] -
SYL| [sYL|BL/BO[SYL|  [SYL|BP[svL|  [svi| [svL| [SvL]BL/BO[SYL]
W42 7 % f I
KT 42 BT 0 AT BT R LEf D ¥ 2Tz 2 A2 & (base syllable) s

2RI H & 2 $F7R S & (particular syllable) o pt #h A F7 3 A7 ¥ e KRR “1‘#

SRR HE - R A2 R REM Y T ZHEGE ;~"NAGE ;~"NEGE ;~ % TSHENME | it 5 & i

ES SRE LR S - BRE 0 AL LA HERD 09%NT R L E S HRE -



PooaRd g iR

7e(break type) k% 4 Jh B HE Y & - A R EE A H B A0 41

T
41 PR B iR
hEEHE B4 2 1 &
35 =% (PG) B3 £ iB A
& = 133 (BG) B4 AR R Ll
B2-1 AR G &R g PR O
el () B2-2 B % 4R
B2-3 o3 EEA 3 ERE
sy BO F & R ApARa § & 2% % i £ (tightly coupling)
A wBYL) Bl 5 @ R Ap AR S § & .4 i i@ £ (normal coupling)
Pk L & BPI fv: —g & : #%"7?—; c: _
(Par) o (SR R R
BPO W L R

EEAR A [11] % particley €ai FATEARL > 7 AFE TR ERBLEFR

pEMES P HF 3 35 particle 5 &3 BRI iy ‘ﬁﬁf*%lhj*'&rﬂ? 3 7

LL j\gﬂm

F 4 A aflr [11]

SEER TG-S E AR

i SA s

& e particle &2 —

e G ineg T Y epparticle AL S 2L A 3 & (T2 B

mig

3 B2-2 2 4§ & (threshold) - #& & 73 %

& {8 - § & B iz s £ A (pause

duration) » & & &g £ & o[ 3t gt PP P #-0 particle AR 5 ondFE R A A F & TH-U el

# (tone)i¥ |

§o0 T - AR T S AT I Gk
ZHE-GE 2 SHEN-ME 4.5 # &

BUREH L - EA G- EEPRAERR ] B2 PHER Y 0 A

B L RS G

vz 411 5

% B2-2 T

- B H ~ iz g particle 37 %2 0 ¥ & 2 #7 particle 3

VHEBESLAAS S FELFI0E 4297 ¢

S 7

Qe L FiRAEE R S Nt P EE B -t particle AL 2 R

o #7 {@ {81 F hE AP NE-GE »

2 4 P

# particle

s+

7 8554 i particle > 2 5 4462 #-AR 5 oneFE I e A & 5 4092 B particle AR AR 5

PR G &
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% 4.2 jF5 5 Ak~ 5 & 2 particle i fc

particle i B particle i B particle i #ic
A 1024 LA 203 HEN 40
NA 482 MA 156 MHMHM 35
O 425 BA 149 HEIN 25
GE 392 HO 132 WA 22
NE 363 ME 70 HAN 19
E 250 SHEN 70 NO 18
MHM 224 YA 63 Al 15
El 214 ZHE 61 YOU 10

412 22 AL

TEANTY R 2LFPERFFHBAIE 25 Ranz 2 8 S8l 4ok 43 9771 o
AFEE R S RS S SR AT - B ek F RN ey
& 38 & 5% X (syllable prosodic feature) & 4+ 5 & 7L 47 s e sp (syllable pitch contour) ~ § &
£ A sd (syllable duration) 2 2 3 & %bE Se (syllable energydevel) ; % = #f & ¢ id 7 32 5 Bf %
AR A Sl X m A B A S A BEG e SR 2k Y (inter-syllable prosodic feature) s £
HRS & 4 R 2 §p & S8 Z (differencial prosodic feature) » § & BF 35 & Sodics © § & B
£ & pd (pause duration):Z 2 3 & [ ic £ M 2hed (energy-dip level) ; 4p a8 5 & 4 B 2 sp =%
Hch APARA § &2 o A AAE B pj (normalized pitch jump) iz & RS A F &2 @ LI
& 2& £ F]+ dl (normalized duration lengthening factor) e @ <~ 3 + e 7 B e f kL 1 & ¢
FHTEYPFENEZPESR Y DS FEE IR EAEE F T F 5 FD A 5 t(tone
sequence) ~ & A& 5 & 4] i s (base syllable type) =t 35+ 4] & f (final type) ; 2 v # 3 $dcl > 21

£ & 53 & R 484 (syllable juncture type) ~ 3 & 12 2 4% o

FHEM L&A SN &R (intra-word syllable juncture) 12 2 P/ 5 & 8 % (inter-word syllable juncture)
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# 43 jptiRie ~ BF S B E T SR BT B

B: break type ={B0, B1, B2-1, B2-2, B2-3, B3, B4, BPI, BP, BPO}
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 . . pd: pause duration
Y: inter-syllabic prosodic feature i
ed: energy-dip level

pj: normalized pitch jump

Z: differential prosodic features . ; )
df: normalized duration lengthening factor

I: reduced linguistic feature set

N t: syllable tone sequence
L: linguistic feature
s: base-syllable type

f: final type
™
| 23 | % | mEkm| | CEETy ol
sp‘ ‘-'.D‘mezll gnnsl S.ll Zall Epl jiazll gupl bE.il 19‘ gspl na!ll jinyl dﬂns‘ 1U| Spl kﬂﬂl Spl
i i £ A
_ W% oo || E5 55
|.I4 ’ U.IS ’ U.‘S J..‘U ’ 1:2 ’ l.lﬂl ’ .'L.IS ’ J..‘S ’ Z:U ’ Z.IZ ’ Z.I‘l Z.‘S 2:3 ’ 3.‘0 ’ 3.‘2 ’ 3.‘4 ’ 3:6 ’ 3:3 ’ 4.‘0 ’ 4.‘2 4. d ’ 4.‘6 ’ 4.‘8 ’ 5.‘0
e —-
- AN Kt o
B A A e e T
A 3
AL ~
ot S, s > | 2z -\ .
@ | sz 2
| o B[RS L e s
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4.1.3 B-3K+

~FET T Af vpﬂPgipm%%i@iAHz;?%LF%’;%?W””E%L’M%““";?%@
(model-based) 5 3+ 0t 35 ¢ ¢ Bt 7 iy e BRI A A T > B 7 H-H 5 p oo S R

3 HEF 4T

T =arg max P(TJA,L)=arg max P(T,AL) (4-1)

P ES A ERT F- A 411 &Y TR F EBREEREASB ¥ - AR AR

F_‘-

&4 f& (prosody state) & 7| PS » v £ %5 d itk S G2 HApag SR B EE E L 27
T gL K2 i kRz ﬁﬁﬁpéx&\ﬁﬂg’ LAY R AR EE

L

16 Bip kil - £ ¥ P RG &Y AL 4 BERERGEE 2 0 1945 412 474 5 e0ip

i

EEc APT 4158 A
P(T,AIL)=P(A|T,L)P(T|L)=P(X,Y,Z|B,PS,;L)P(B,PS|L) (4-2)

# ¢ P(X,Y,ZIB,PS,L) 5 B % it % #icti3) (general-prosodic feature model) » # 2 3, & 2
B et @ e R S X Y~ Z6 S R s qse B 2 PS 02 S Sl L rrindl
@ P(B,PS|L) % B #3p =3 7 #-73(general prosody-syntax model) » v i & & 45 it 35 B4

B PSqriF= S L 2 B bl o

dON R &2 RAERie B ¢ A G ApASA § SRR ET R Fpt e kiR an

\y

SEEENEIEE O ERELEEFE RN FE S FARE Y

|4
A
"
=5
e
:;:\:3;
*”?ﬁ
B A

B POXY,ZIBPS,L) - 4 5= » B8 NgeT
P(X,Y,Z|B,PS,L)=P(X|B,PS,L)P(Y,Z|B,PS,L) (4-3)

# 7 P(XB,PS,L) & 5 &35 =473 (syllable prosodic model) » # 32 3 % 5 § & ¢ chfldg
PPofE@ R REFERE Ad PR ERe BPS WA FT Sl Lo oripdl 0 A S

FHex G S NER A t 2 BERLRE - A P(YZBPSL) %A e B8 T
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(break-acoustic model) > T 45 it * i EHEI e B-PS 2 3 S L apkin2 T > F & -
EAEY Z2 ARG FEL R 2 ESKZ AT iR Bk K ehdp 24k B

PS#t3 Dt phr APy ¥R AT PBPIL) - A 5= o e N e
P(B,PS|L)~P(B,PS|l)=P(PS|B,I)P(B|l)~P(PS|B)P(BI) (4-4)

H ¢ P(PS|B) % 3f Bk ik # 4% #773] (prosodic state model) » 4 i & @ drid s kR T
FEREES 2T - PB|) R 5 BHiEeiE 7 #-3] (break-syntax model) » i & $ it 1244
BT SHcl 2 WenB ke T ARTE P RO o B A NG F SRl
Lo B R~ R B RS I M 2 R T A R R ARG - B R
EErd s & 582 Bl & o

ss %

A 2 SRR A AUERRG SR P SRR 2§ SRRV ATES L B
FF e rs a L iiEkEp e R E v ER B

E]
]+ (affecting factor)z f jt - B @ =

ke B~ By 2 BT S ERMG, L REFL R RN (65 SR AL T2

;‘:é% M-‘Sn —‘_El ;1:%'?'5’1],3 fn W Ny ‘%51 F ’fw“']ﬂ&-;fﬁ,—a'gmgi}i R 7 FE.‘EZEEKI?‘]:,_
2 g Btz R w1 B TSRS SR AR = BCE A Y 5 8 AN

Sa =R S S = REE S =N T B

p(X|B,PS,L)~p(sp|B,p,t) p(sd|B,q,t,s) p(se|B,r,t,f)

N+ n+ n+ (4_5)
~Hp(spn| Pt 1)Hp(sd| 10 Chs mll.%)Hp(sel Brhot s )
He
sp;, B g B, TR if nth syllable is base syllable
sp, = e _ _ _ for 1<n<N (4-6)
Py +B +B, +p' , If nth syllable is particular syllable
SHENBE &2 F & R R 0 sp, 5 Sp, & 21t (normalization) s 2. A48 7% 73 & (residual) ; B,
Bl 5 % - B8 75 x 2 4854 i (Affecting Pattern, AP) ; p 5 73 AP z %48 -T 357 (global
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mls

F2ZFEEREFERET R AT

mls

mean) - ¥ > N B

sd; g, T Vo T Vs, FH if nth syllable is base syllable

sd, = for 1I<n<N  (4-7)
Sy +7 +7, + 1 , If nth syllable is particular syllable
Sy + Qs oo+, +ay +p, , if nthsyllable is base syllable

se, = T _ _ _ for 1I<n<N (4-8)
se, +a,, ta,. + U, , If nth syllable is particular syllable

dele rl B A AT MERE BT AT R HBAG SR LBERI prs H
By SR D, BT BRI B AGEL - T R B MAG TR
S E AR S E L RRAI A B R aeen 5

N (SPy; By B, +1.R)
, /T nth-syllable is base syllable
N (s9;iBy, +B, -1, R)
, Ifnth syllable‘isparticular syllable

P(sp,|p,.B, t")= for 1<n<N (4-9)

N (80537 0gn, +7, 75, 141 Ry)
~if.nth syllable is basé Syllable
N (sd,; 7, # 7 HaR0)
, If nth syllable is particular syllable

P(sd,|,. By 41 5,)= for 1<n<N  (4-10)

N (se, s o +O Y1 F Al R)

, I nth syllable is base syllable
N(se,;a,, +ap + 1,R)

, 1T nth syllable is particular syllable

P(se |r,B, ", f )= for I<n<N  (4-11)

B R e E s AR g #F) U (decision tree) 14 F L BR 4 (data-driven) s 5% o p o#s 0 5E

B ™ Vosg F O 2 AP R IR EER GEG & B 2 18 &l I % (coarticulation)
1 -1:“n-1



Btz B3 dpfhs » 7 ik ihce B8 7] 2 e 5 e e

N-1

P(Y,Z|B,PS,L) = P(Y,ZB,l) = HP(pdn,edn, pj,.dl |B,.1.) (4-12)
n=L
L EE RS AT ApP(pd ed,pj,dl|B ) @SR R peIE A F e H B Sk
EEE- SRR I NI - e

P(pd,.ed,, pj,.dl[B,.1,)=9(pd ;e , . A, IN(ed,; 14 ,oéw,n)

_ (4-13)
“N(Piy: e, 05, IN(AL; 245, 10 | )

hAEBREERRT > LB A2 BI AT > Bk i RN E L A A R (splitting
criterion of maximum likelihood gain) 2. /& % 3 35 - H I 42 & (question set)#-d 23 B* 2353 Sdic

[z P RE#rA 4 o

pU ok 3p Bk R R A T B i) (Markov Model) sk TR 0 H #1854 T

P(o1E)=P(R)| [ TP(P. P )| (4-14)
2P P(R) = e ? % - B SRR G215 PORIRLBL) & 0 rd SRR 2 T
B2 T o w- FEGEREP BHIIRES S ERE P BF -

B A0 AR T Al S

P(B|I)=1NjP(Bn|In) (4-15)

E2 B PR RRE AN AR IR 0 F - BB MALE - BB

Mok B ATER A R E S Sl 2 B ATATA S o
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42 B EHA 22 >

AR AP BRI AR A 55 B A 4 4 (initialization) 2 2 £ F g
(iteration) » & %] ¢ & 421 & 1% 422 &4 5 o @ &' REpEHA 2 v BipEF 53 pF
2  B % i A % ] (maximum  likelihood criterion) # * i% 58 & i i 42 & (sequencial

optimization procedure) % 2" s ¥ § F7#-7] S¥c 0 H & o3 Bic(objective function)4eT : .

N
Q=|[[PGsp, I P, By tr1)p(sd, |9, Byt s, ) pse, | 1, Byt fn)j
n=1

P(pl)P(ql)P(rl)ﬁ P(Py | Poss Boa)P(A, [y, By ) P [Ty, Bnl)j (4-16)
ﬁ_[l( p(pd,.edy piz@l, | B,.1,)P(B, | In))j

4.2.1 3= 45 1

S0 §T e R0 e SR R BARRE B 1 I e L b R R 0 B R A ] e ]

4.4 5757 > @ A HUEREY B L H A

FALEH S B A AR E U B E DRI RBES VIR LBR

= e

FRF 2R PUE  RFRYFERFLAE - F ST R MBI R AR E 2 B R
g Ea R FS o E IR A S e SR AR A BT A o 4o 45
e AT EE- BEFHEILEY RETAVE AT HE ) A AR e 2 TR
30 o - (R A st 2 N st AW 2. PP (Th1~Th7) o

F AR Re 5o fodl L BRETF AP B BRI N A s fH

ERMEGELE - BHEREPELED, g UE o FEHE - B SRl 2

ARG - 2 BA s s Fp AR 0 Mg et e i & 12 4p 2 dic T (relative count) g
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B4

i

A7 e dp B R

HE] R

A3

FENEE 8 3
B R 5 A
T R

l

i 1 450

S E

PR AT R o
EARERT2AP
3 &) B RS 2 AP
b A7 s i &;ﬁ%%g& <
pd,>Thl

ed, >Th6 and
B2-3 Pitch pause < Th4
N

Bl

B 4.5 & 4giaEiEs

22 5

40

Bl 4.4 A 4e3p R HCE 2 2 U A2 )

Interword?
N

ed,>Th6 and

N

2 - F T AR

Pitch pause < Th4



AP EE SRR THARKREES 2 S PPB) -
iR BF AN BT AL AT AP R
CART (Classification And Regression Trees);& & ;2 F 3> H B35 & » W S L'z ~w o B {8
B S ER 2 BT RE RS B fp R ?}?k[ﬁ_,; » | * a‘r“,f BMETIOE L
e 'gﬂw AAEA 7 &2 CART /% & 72 % &) %0 8 2 7 fEg(minimum Euclidean distance)
AAHERERAE AR AED L AP PR - B 3R A BN AP AHE

(classifier) » =& B A pFig * o

422 ¢ B

F o g T T R AR facs ko AR Al 46 57 -
Fho#r ERANESE SV RS S S LB R B A S 2 AP He

BTS20 AP g F I BB 3R 7 8 F (Viterbi search algorithm) £ #74&:2 35

B

Z?’

IR

CART 7 & iz { ATie s e BEWE B F G0 € R RF 46 2542 e

Ileaci b c HP EEAd A QSRR H Y R R B .

BT —— »’%’aﬁl-ﬂé"i B S G
A

L AR A

ip =2 W2 2

e A piEas
A

L F 0% i (AT AR & £ 3iipe

FRCUZ B EBIUE 2 LT

o ey B %ﬂ%xﬁ; P~ RS

F 4.6 1 { =1 E B S A2
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43R A

AT Y EPER BRI R E T B A E RN R 55 K jcac e AE T g H

TEE TR TSN Y S SR S X T R

4313 $4p A8

SIpERCAY ¢ 7 F & AR FEFECD pspB.pt) ~ F & & & H-A] p(sdB,q,t,s) 4 2 F

mls

N

%

= »

cE R pseB,rtf) = BFHA AR ki &Y L BREFFHE & AR

LR ME §Z§1ﬁ§%0%4.41%«4.5v’;' DA ARG &R R HP ’:}r%% e B2 TS
2.7 o AR Sl B4R A4 E(Total Residual Error, TRE) » 2 4o 2 fd e & AP A 5
B2 BREERLTRLSBL I R REE B PES HE & R LT
}%‘H o] e
A4 A AF aE 0 kg2 AR TS S48 1) 282, TRE
Pitch Duration Energy
APs TRE APRs TRE APs TRE
+Tone with +Tone with +Tone with
) . 91.21% ) ) 95.88% . i 95.98%
Coarticulation Coarticulation Coarticulation
+Base Syllable 86.51% +Final 89.16%
+Prsodic State 14.18% +Prsodic State 1.92% +Prsodic State 2.76%
% A5 B e o 2 ks AP T &2 232 TRE
Pitch Duration Energy
APs TRE APs TRE APs TRE
+Particular +Particular +Particular
86.23% 94.03% 88.41%
Syllable Class Syllable Class Syllable Class

+Prsodic State 40.21% +Prsodic State 13.82% +Prsodic State 38.20%
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2

FieE P EF o RAREL BT A N Y A M REBER BT BN E G
SR T

BEFREL ARG RALBR PR 4oF 4T 557 0 0 S H AT 2 S

.m\y

2 8
B [16] 4prt > APER AR F 1S © B2 AP 2 % i f F(dynamic range) s # H47
I

Prood RERg] o gt A PERIE RFT GG P EE S LR @ éf‘ﬂgg_;_?ﬁq
Wik S o T 3 S AR € AT S T R B ER Y F 5
Prra R ENZ A RFARE FF T o] WAFHEY G AR B S

RS § 0 A 2 B o

0.0s
datal
—+— data2
008 - —& data3 [|
—+— datad
0.04 - —&— datab
002+
D -
T
fa)
o
-0oz2 -
-0.04
-0.05
-0.08 -
01

BA47: 7 B¢ <> &FH2 AP

4.3.2 %5 e B-F WA

B R B AR S S ER L BB T RIS ERREREKY 2 4

am\g
\\\?{r

WM F e LR

B Z 2Bl A EF A e B3 A 0(pde, By )

ol
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N(ed,; s , 08, ) ~ NPtk 08, ) % N(dLise .00 ) - BIABRAF ¥ BiF 7 S8l ™

BO~B4 iz e ¥ BT & 8LY & B Sdic2 A % B o BLRF 4.8(1) 0 BO &7 Bl chiz s £ & 4p
g@’&%ﬁBOﬁBuiwﬂmawﬁﬁ—*%T$@@ﬁ’mBsB4§r@ﬂm@ﬁ
BoFAHEAEY RIG4L K3 EE A PGIBG 11 2 PPh 2 ip 4 iz o A% F 4.8(b)3 &
ﬁ£ﬁ¢¢#@ﬂmjw,BOWé%ﬁwﬁﬁﬁ%%%%@%ﬁ?ﬁ*ﬁﬁg%%’mm4
PIFIEARASA § & BaE % @ ey & 7 R Mk o RFREFR 48(0)%(d)7 ¥ m B2-1
Ff s 2 AR B23 FRA L BRI FEULTF o TR LR P

AT R ARG R o T @ RISk R A 2

@ 0 i : : . , (b) 0.14

012r

=gy || a1k

0.0af

0.06

0.04

¥ 0oz
) ]

i} 200 400 600 0o 1000 1200 DD 45 a0 ) éD 70 a0

Pause Energy Dip

o d)

lengthing Fitch Jurnp

B48: (@3 ®pE A (b)F & Fi 2 Mg (LA g &8 & FlF & (d)n Ri AP

RS
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433 iRt E2 A5

Bl 49 5973 3 &Rz eagiEes # B > d BlY 7 33 B0 BL #rikant F (2§ >
AT AR FT R Y RSB RREEF G SR G ??#Eimﬁ‘/‘ﬁ’ @ B2-1 -
B2-2 mz B2-3 &9 i [16)4p dimmernt F £ 2 5 > fe B2-1 #7ibz vt F + A ® B2-2
ATIEZ L F T 0 A ARG R FEER Y - R IR AL ER
g aE o @ K 7 AT eBeEE o o2 [11] 4pvt 0 BPI BPO 12 2 BP dRc® 1 3 5
@ BOfr Bl #c & 3 4r o iz 4 7 A 4 AP X Y J en T particle | i#‘g%{ﬁm@;\?”f@ i

dﬁr}rﬁrk—ﬂ;é%% S LI lf“}ﬁ{"’ 7% BO~ B4 j\ﬁ'—_ gﬂ%F(i|§:hFl °
4.86%

= B0, B1
mB2-1

®B2-2

mB2-3

m B3, B4

= BPI, BPO, BP

Bl 4.9 : JpEindpikie & i B

BRERBYEON AR EEES - T HI N5 B2 B 410 {0 411 5 3 e 4
Bz M 5o o 6l- $BF 410 7 5 0 B2-1 o B2-2 FE R i F Bt AMTEREE S 3 8

BB IR G o @ F 0| HRE 411 ¢ BT B2-3 2 sk

FEEEFAMEFL > BEL

=i

LA B2-3 4 P Fliwm- F@EA S EIGIPRSLF EFRE D EL R ﬁr%f:nj:
STt T g R A T R kE s S A U TR § A

FEEFOMGEFL b A Tparticle 384 > Fb- ¢ TO 2 §bl= @ ch TLA | &
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[11] Apet > & g 2SRz 03] @ Meis PR A 5 Wi in e chyg & 0 Bl 3 ¢ DIRERI

R e %A R o
# - : O(Par) #(Nh) {B2-1} %(P) - 3(DM) {B2-2} 2 M (Na) = 7 (Nc) } FL(VA)

- LEth ‘s:]l ,U‘ w,c‘ za,x| Y!l jlal Spl qons‘ qus;ﬂl qcns‘ s;l shansrl baﬂl
4805
-B672
i T R
- AL "m‘l ot i ) " pg I o | oM | g "‘J“'é ) [ i
4- -iﬁhw- - y e . ar i :
— MU
— il LR At
time ﬂ,‘l ﬂ,‘Z ’ D,IS 014 ﬂ,‘S DIG D,"r‘ ’ D,IS ’ D,IQ ljD ’ l,ll l,IZ lj?- ’ l,ltl l,IS ljS ’ l,l'f ljS le ’ 2,‘0 le ’ ZjZ ) 2‘3 2;4 ) ZjE ) 2,‘5 Zj ) 2,‘5
Hz
200 [, I B e PO P SOP s e o O o OOON O A R
e [ [ [ S R

= 0 A(P) - & (Nega) {B2-2} £<{B2-2} i (Nc)L A(Par) {B2-3} # % (Caa) .(VE){B2-3}
- - (Neqga) {B2-3} + |(Na) (DE) {B2-2} r#(VA)_ .2 < (Nc) ##VC) =+ (Na)

shuo | Vi |

|_la_'b |”s|:lzla_:|.lr;.| xiel Sp| fan|sp| diapl ngl hu9| sh;i.|
4905
-4722
kHz
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P(FW)~max P(F|POS,BW)P(B|POS,W)P(POSW) (4-21)
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pd ,={pd, : pd, esilence or breathe, pd, — s, < pd, — ,, pd, =0.03}
#F e £ (Mector Quantization, VQ) e ;8 #-pd ¢ enFpl e 53 ¥ pd,, vz % pd.
PFERARL B ES e E o R pIEA GRS BEROEFA G 0 oW S 2 ()(0)

A T § I EEIZ AT A G f,(pd) + fog(pd) © fap(pd) 2 f(pd) v TR

S XL BEER TS ThL~ Th2 4o Th3 > 4@l = 2 (C) “r7 o

pd,, of other

break types

VQ Gamma
Distribution
Fitting

4

v
pd, of BZ-/ pd, of B3 pd,, of B4 \

ms
felse ( pd )

pdf

v A :g(pd;aese'ﬁese)
Gamma Gamma Gamma s
Distribution | | Distribution || Distribution O f (pd)
Fitting Fitting Fitting o

i i i fo,,(pd) ————
f,(pd) e———

=] f
5 <3 sa(pd)  e—e—e—e o
Y Y—
i s e g STt

>ms > > -
ms
fyp(Pd) fos(pd) ™t (pd) |

=9(pd;ag,, Be,,) =9g(pd;ag, fBys) =g(pd;agy,, Bs,) Th3 Th2 Thl

»
L

ms
Bl=.2:Thl, Th2 #=Th3 2. % %+ ;2 : 3+ % (a)B4 B3 #vB2-2 &1 (b)H # B4pilzc2 B4 L
Bk A2 ()B4 B3 +B2-2frH i iRzl PR
B. Th5z % & :
Ths §.#- > Th3 2@ 4 §®# Rk > £ » % B2-1 122 BO/BL/B2-3 2. 1t 4.i- 447 £ (& o
BAERFNER & R0 AR E D, 5 oA TI5E 12 B0 AP 6 A4 E

22

2% - A @B > 4o

66



pjn = Sp2n+1 (1) - szn (l)
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®) ed, of intraword (b)
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The question set ©, used to construct the decision trees for building the break-acoustics
model p(pd,.ed,,pj,.dl,df |B,,1.) is listed below:
1. Syllable Level

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

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

Q,1.4: Is the initial of the following syllable in {f, s, sh, shi, h}?

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

Q,1.6: Is the initial of the following syllable in-{ts;.ch; chi}?

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

Q,1.8: Is the initial of the following syllable-in {tz, ], ji}?

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

Q,1.10: Is the inter-syllable location a intra-word?

2. 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.

2.1 Word length

Q,2.11~4: Is the preceding word an ne {1, 2, 3, 4}-syllable word?
Q,2.15~8: Is the following word an ne {1, 2, 3, 4}-syllable word?

Q,2.19: Is the length of the preceding word in syllable greater than 4?

Q,2.110: Is the length of the following word in syllable greater than 4?
2.2 Level-1 POS and special tags

Q,2.21~11: Is the POS of the preceding word A/C/D/N/I/P/T/V/IDE/SHI/DM?
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Q,2.2.12~22: 1S the POS of the following word A/C/D/N/1/P/T/V/DE/SHI/DM?

2.3 Level-2 POS
Q,2.31~33 : Is the POS of the preceding word

Ca/Ch/Da/Db/Dc/Dd/Df/Dg/Dh/Di/Dj/Dk/Na/Nb/Nc/Nd/Ne/NfINg/Nh/VA/VB/V C/VDIVEIVFIV
G/IVHIVIIVIINKIVLIV_2?

Q,2.334~66 : Is the POS of the following word

Ca/Ch/Da/Db/Dc/Dd/Df/Dg/Dh/Di/Dj/Dk/Na/Nb/Nc/Nd/Ne/Nf/INg/Nh/VA/VB/IV C/VDIVEIVFIV
G/IVHIVIIVIINKIVLIV_2?

2.4 Level-3 POS
Q24.1~15 : Is the POS of the preceding word
Caa/Cab/Cba/Cbb/Dfa/Dfb/Ncd/Neu/Nes/Nep/Neq/\VA2/\V/C1/VH16/VH22?

Q,2.416~30 ; Is the POS of the following word
Caa/Cab/Cba/Cbb/Dfa/Dfb/Ncd/Neu/Nes/Nep/Neg \VA2/\/C1/\VVH16/VH22?

2.5 Combination of POS
Q,2.5.1~7: Does the POS of the preceding word:-belong to’ {Da, Db, Dc, Dd, Dg, Dh, Di, Dj,

DK}{Na, Nb, Nc}{Ncd, Ng¥{I, TH{VAWG}{VB, V€, VD, VE, VF, VJ, VK, VL}{VH, VI}?

Q,2.5.8~14: Does the POS of the following word belong to {Da, Db, Dc, Dd, Dg, Dh, Di, Dj,
Dk}{Na, Nb, Nc}/{Ncd, Ng}{l, TH{VA, VG}{VB, VC, VD, VE, VF, VJ, VK, VL¥{VH, VI}?
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The question set used to construct the decision trees for building the break-syntax model
P(B,|l,) is listed below:
1. Syllable Level

Q,1.1: Is the initial of the following syllable a null one or in {m, n, I, r}?
Q,1.2: Is the inter-syllable location an inter-word?

Q,1.3: Is the inter-syllable location a 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.

2.1 Word length

Q,2.11~4: Is the preceding word an ne {1, 2, 3, 4}-syllable word?
Q,2.15~8: Is the following word an ne{1; 2,-3y4}=syllable word?
Q,2.19: Is the length of the preceding word in syllable greater than 4?

Q,2.110: Is the length of the following word in syllable greater than 4?

2.2 Level-1 POS and special tags

Q,2.2.1~11: Is the POS of the preceding word A/C/D/N/I/P/T/V/IDE/SHI/DM?

Q,2.2.12~22: IS the POS of the following word A/C/D/N/I/P/T/V/DE/SHI/DM?

2.3 Level-2 POS
Q,2.31~33 : Is the POS of the preceding word

Ca/Ch/Da/Db/Dc/Dd/Df/Dg/Dh/Di/Dj/Dk/Na/Nb/Nc/Nd/Ne/NfINg/Nh/VA/VB/IVC/VDIVE/IVFIV

G/VHIVININKIVLIV_2?
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Q,2.334~66 : Is the POS of the following word

Ca/Ch/Da/Dh/Dc/Dd/Df/Dg/Dh/Di/Dj/Dk/Na/Nb/Nc/Nd/Ne/NfINg/Nh/VA/VB/NV C/VD/IVE/VEIV
G/IVHIVIIVINKIVLIV_2?

2.4 Level-3 POS
Q,2.41~15 : Is the POS of the preceding word
Caa/Cab/Cba/Cbh/Dfa/Dfb/Ncd/Neu/Nes/Nep/Neq/VA2/\VC1/VH16/VH22?

Q,2.416~30 : Is the POS of the following word
Caa/Cab/Cba/Cbh/Dfa/Dfb/Ncd/Neu/Nes/Nep/Neq/VA2/\VC1/VH16/VH22?

2.5 Combination of POS
Q,2.5.1~7: Does the POS of the preceding word belong to {Da, Db, Dc, Dd, Dg, Dh, Di, Dj,
Dk}/{Na, Nb, Nc}/{Ncd, Ng}/{l, TH{VA, VG}{VB,VVC;\VD, VE, VF, VJ, VK, VL}{VH, VI}?

Q,2.5.8~14: Does the POS of the following word belong to {Da, Db, Dc, Dd, Dg, Dh, Di, Dj,
Dk}/{Na, Nb, Nc}/{Ncd, Ng}/{l; T}H{VA, VG}H{VB, VC,; VD, VE; VF, VJ, VK, VL}/{VH, VI}?
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