A2 TR

R BRGNS R A2 PR F g AR

Incorporating Prosody-Information in Acoustic

Modeling for Mandarin Speech Recognition

T B

—_—

R ME T KR

P E AR -FF- &£ = P -2+ op



BHIpENLE: FERAIZ Y 2 FF R

Incorporating Prosody Information in Acoustic Modeling for

oy o2
SRS
-

Mandarin Speech Recognition

R pF Student : Tzu-Hsuan Chiu
[ e A Advisor : Dr. Sin-Horng Chen

A Thesis

Submitted to Institute of Communication Engineering

College of Electrical and Computer Engineering
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master of Science

in Communication Engineering

March 2012

Hsinchu, Republic of China



#F &

A e & v Jp R 4 3T B ] (acoustic model, AM) 2 iE = o 3
PR PR AT T e RS B B 0 18 5w 18 < 4p B (context dependent)
g tri-phone HMM 3£ & &5 &8 % pF 0 e B3 G 35 & 2 %2 (prosodic break) =%
B AV prams i fanh * Nisgs SF2 Fﬁmaf?#% S A
# % w b i+ i #H(Classification and Regression Trees, CART)L% - BEmisT 2
PERFPM OBET A - AL L 58 B ¥ - PRE T I B8 A
#EFF @ rRLA 2 F o Bl(syllable lattice) > ® 25 fﬁ iR T M o ¥ D P
B A¥ SRR S PL X Ry :mxam&#: v #-H L 3 8] (word
lattice) » & & £ % & 3 5 #-4](language model LM)-a‘ #73+ 4 (rescoring) » F IR
EFETL e & H TCC300 ;%n‘JEL R S5 % B on & g 2 tri-phone HMM 5

PR FERLE o



Incorporating Prosody Information in Acoustic

Modeling for Mandarin Speech Recognition

Student : Tzu-Hsuan Chiu Advisor : Dr. Sin-Horng Chen

Institute of Communication Engineering
National Chiao-Tung University

Abstract

The thesis presents a study on introducing prosody information to acoustic
modeling for Mandarin speech recognition. Its idea is to extend the conventional
context-dependent (CD) tri-phone HMM modeling approach to further consider the
dependency of phane model on the break type of-nearby inter-syllable boundary. Four
break types are considered, including major break, minor break, normal non-break,
and tightly-coupled” non-break. In the training . phase, prosody- and
phonetic-dependent phone models are-.constructed by using Classification and
Regression Trees (CART) Algorithm. In the test phase, a two-stage recognition
approach is adopted. In the first stage, we use the acoustic models to generate a
syllable lattice which contains prosodic break information. In the second stage, we
first construct a word lattice from the syllable lattice by constructing all possible
words using a lexicon with the help of prosodic information, and then find the best
output word sequence by rescoring using a trigram language model. Experimental
results on the TCC300 database showed that the proposed method slightly
outperformed the conventional method using tri-phone acoustic models.
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FHAE A A F g F 4 oM R R AR R SRR LR D
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Ostendorf % + [2]-[3]4* * Switchboard $353% # & - f5 d 4 47 i+ i f#H(decision tree)

R AT BE A R O 3 7 e enig 474 Bic(break indices) sr $14 3

B

g ?‘iﬁ;ﬁ’}; "'Li'g'iggg o XRm ool AL L E SRR EieF L, & )’14}5 IR
P w2 e 3 3 §et o Ostendorf % A [4]3% 1% * 3p 2435 5%

1
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f1* F % (pitch) ~ & £ (intensity) % 3% & & & (duration) % $ = %% > 2 polynomial
regression model A& # ¥ & S dicei'E K ¥ % #74] (variable-parameter HMM) » 2=
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2.1 FHERHA

AFT G % TCC-300 # ih 3% FHRAM0] vd M 5848 R/ 2
PAEZ R AR E Rl IR RN F LR B HEAST
Flhed 2.1 907 o & BB ABHAES F L 16000 A% (Hertz) » B = =
Bcn 16 A o & A4 E 5 4096 e (byte) o BIH: & 5 *.vat o

# 2.1 : TCC-300 2 AL & 3i3t 4

R 2 ERBIE | FRER SR S ERCES S
g 50 g 27541 | ¥ 3425
N - - - 50 - 24677 | - 3084
Y% | 100 | sk | 52218 | & 6590

g 50 g 75059 | % 622

A E | RS2 - 50 - 73555 | 616
B | 100 | Rk | 148614 | ik | 1238
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YA 21 AT BRI AL Y (prosody study) > e 2 ERE R & 3
ﬁml83lip%'ﬁ’F\7§J‘1—§<\:ﬂplOﬂ\lfﬂig "/; ‘}&_}n\")mﬁ ‘}Z’/?J
FA B PR 164 FF £ 962 0k A M AR AL 983 )R
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qaa;ﬁ,_,, SRRl ARG LN LY R T IRENER ;t;;,”#zz MG HH AT RAenig T

FEFAPIPEREE B TR 2 e
221 ¢ 2 EIREMA S E 1#

R Ao LB R  F 5 E S IR A FEE - 7 27
“rie i A e R PR EEEL T > Ao B 2147 F 0 R
R B e b B R B D & & =t (syllable layer, SYL)~3f 23 & = (prosodic word
layer, PW) ~ 3k 24&3% & =t (prosodic phrase layer, PPh) ~ =& % & =t (breath group,
BG) » % §p =% ¢ (prosodic phrase group) » F1# ~ — B & - F hfFit > Bk k
gRpEE LR & EPREd - BRI BEirEs e JpEEEd - B
BB (B EE AN A - BIE R ARSI AEE REE
R d e w i e FMERAE THAS BRI EAHE
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B 21: 7 2 FHIpEiE A S ERmA

AR PR PRI R R AT R ERESEY D KRS
+ > 4ot Bl 2.1 #5510 ¢ B0 4= Bl %’K{SYL guf o A8 At B0 & 7 end_
tightly-coupling syllable juncture»-@ Bl % 7+ ¢7%_normal syllable boundary - i@ ¥
ABOXBlLeBR 2 B4 PAE R ;@ B2 A3p R B3 2 BA A w4
prEF i Emd o feB2itidc R € 5 B A iRE > 13 B5 R & -

R g S O

*F Y 0 HPG 2 HE S S AT H (T - ) B o XA P -BlwA 5 Bl

B1-2> # ¢ B1-1 ¥ % normal syllable.-boundary - 7 % 5 p &g iz 4 » B1-2 * £ 3%

peg SRR G R i sg o B2 mA i B2-1-B2-2-B2-3> # ¢ B2-1-B2-2 -
B2-3 & w4 P A § =% (pitch reset)z 3p =#:f & - ‘&% %g (short pause)z. $f
B/ 2 73 5 &£ i (duration lengthening) is sdf 3 A o £ ko A
4B B5 & H 5 BA HEBHEPFKSKET 4K c AN P 8@EIFEY
7 & #F (break type) B={B0, B1-1,B1-2, B2-1, B2-2, B2-3, B3, B4} -

BRA o bl a R R T R B AR S ¢ 5 AP 45 2 pend

14 & R®l(syllable lattice) - %% s 2tix ~ 48 break type #1048 3 B4 $dct 7 %

. 2

AR TP hak e BB AR AP 2 H S e 44 B={BTO - BTL -
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BT2 - BT3} - # # BTO={BO} > i# ¢ % % #3s ; BT1={B1-1,B2-1,B2-3} » # &
Bz s BT2={B1-2,B2-2} > 7 } ¥ 2%~ ®i% ¥ ; BT3={B3,B4}R|} M & ch
£ B A oipw JEIp 202 4F H % 3 pF L (pause duration) 2. & # B iE B4 @] 2.2 917 o
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BTO BT1

4500 T T T T T T 400
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B 2.2 & f83p 2% 2 pause duration ~ # [ o F#hE = 5 F F5(ms) > Gl =

% =X #x(count)

TN 2 F 3 EERE I ERS(PLM) [9] & #5 maximum

likelihood(ML)i2 R % 7¢ i §p = 3

<=

g o 3 RATE S AR ke 0 IS
- P BRI A R EEA RS BN A LA fedp o
A € AT F DIRGE 0 A b iR R 1 2 SR B AR B D) S A 4 B
fr S RIE LG 3 o Lk - B likelihood function # ¥ 1% - & 5 £ % Bx ey
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SR - § L R BRI PR ¢ o

23 r1) A e i 2 AR

231 %3 BF $8ch >
S L BRI L g I A BT T AR
it * % s MFCC (Mel-Frequency Ceptral Coefficients » 15 f (547 3% % #c) » 12

—

32 £ #5238 @ % (Hamming Window)® & =8 10 £ #jfi s - £ 7 - H 2 0 ¢
g P

Ny

12 3= MFCC “4c} 1 faw &

S+

13 s f B H - 1% € (delta term)fr= A% £
(delta-delta term) > & B & g § A S#ic? 15 42 L F0| 14 Flpt 4 ",f? I s

£ 385G AT R BE Sl J S APM R e 2.2 i o

% 2.2 : MFCC %d#icdd 3% T 4%

F =R R 32ms

+ =T 10ms

Filter bank % 24

PR ¥ 16kHz

Pre-emphasis Filter First order with coefficient 0.97

232 BBHAE > infe

d 3ig % Flat Start 43 0 EPFE 2 3 4 R B 45382 R 0 TREE T eh
B AR L - T A7 1% 44 MB350 (Right-context-dependent
Initial/Final Model, RCD)¥?" 3 3E 4 g & s &) > L 1455 & err 2] = 8 21

% (mono-phone) %5 #-3] - M ¥ F 2 BF A 5 A 4083 BFVREBF &



= i@ § % #i-3) (Cross-word Tri-phone Model) » # B 5 24 * 3 Bd = I +
(left-to-right) siy; % i (state) % -+ -

FRMEAET RS F R R A AL EHF IR 23
ZFI T 2 PLM i 2 SR R i H 33 £ R 5 o DV 2 A (text)d F & &
(syllable level) & # % 4 % & ‘s(phone level) e 8 o) 2.3 #7770 » 1230 &8

g & € < TIPS Jp R R g i o

"¥/£010101 0.lab" "¥/f010101 0.lab"
Jjiaoc BT1 51l
tong  BT2 [::i> sil BT3-j+yil
da BT1 J-yil+a
Xxue BT3 yil-atwul
a-wu3+BT1 t
5p BT1
wu3 BT1-t+wul
t-wul+e
wul-e+ng
e-ng+BT2 d
sp BTZ
ng BT2-d+a
d-a+BT1 x
s5p BT1
a BTl-x+yul
x-yul+eh
yul-eh+BT3 sil
sp BT3
sil

ol

Bl 23: 9B 2d 3 S hBEFRIF 2K 5T LH

short pause(sp) s"HMM :#&-i% f& break type i % 2" 3> 4 %] 5 sp_BTO~sp_BT1 ~
Sp_BT2 2 sp_BT3-> # i@l 2.4 #1777 osp_BTOF* 1 B4 & > ¥ 2 ki (skip)
2 7 &t e F (non-recurring) - 12 £ F| H tightly-coupled erd 14 5 sp BT1 4% 1 B
AR T OUEEE T oieg o EFIE 2 B G AREA R A G sp_BT2
FHIBHRE-EF 2B REFT UPHEED ¥ 0BT i Pl BT iR

Sp_BT3 £ * 3 Bk fs » 3| H £ g dg cnghfd o



sp_BTO sp_BT2

sp_BT1 sp_BT3

] 2.4 : short pause models 177 & B « # ¢ 2 ¢ ek i & null state

NIeh gl o AR AT G 0 Tt 2w iF - i (Classification and
Regression Trees; CART) i 5 Solich 2 22 » ¥ @ % 22 B2 35 =B iphl 2
RALRAS ML B SRS B Aot o ATy R r ol A £ 4 38

B3 & 0 Pt 5 114 SEt e iR EAR 2 B F 501 (PD-AM) 520 BUE A2 4 )

ml4

2.5 #5% o

e |
Data

MMI r 3
Svllable Forced- Text Forced- RCD-I/F
yAM Alignment Alignment AM

Syllable Syllable
Segmentation Segmentation PD-AM Initial
Information v Information ; Training | PD-AM
Syllable Mono-Phone

Prosodic-Acoustic AM

FeatUI.’e Training Question PD-AM
Extraction ini
Set Training
Mono-Phone
AM

\ 4

Prosodic-Acoustic

Feautre A 4
Tied-State
L A Prosodic-Break PD-AM
Prosody Tag
Labeling

Bl 2.5 Lrp 2A4p k2 BE WA UL
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2.4 WA RS A

AP FE A ERERLENE S B S B T A S s e T
A B Rl R B IR R T AR A2
MFCC 4 # chZ £ o & (5 ¢ ' o PD-AM frid 527 & 35 2 4p ik 20 5 §01)
(prosody-independent acoustic model, PI-AM)# 2" 3 iE 4z ¢ & B frame T 352

log-likelihood =% i& -

241 KA ¥

2w 18 % Ap B2 107 ok et A A i) e ARk 0 E R AT e g R
EAA A BB S EREFOTEAS AL 5 REF RS T L1 4

PRI PEE AR ock % A 4 o i KARY AR F R AR T OR AL A H

SR TR A HRPAR S - BT AL S LB AT ns B T B 2 T e
e /‘% fi °
R R R ¢ i3 R R FL B g 3R A B 2

BV T éﬂ*&}tf” ded A 23 e S B I }a B iF 63% - H R =
RS SRR AT AT SRR T OME 3 7080 4 @ g b
S0 S B RHOER B Aot - KA TR R 8RB R i A

HEEP 22 BB s ® L 2 Y o R BE A {8 o

%23 FFHALEEY CEBHEAMAEEY - DM 2 A

R#c|1|2]3]|>3

Atedic g 14 | 32|26 | 42
Bt iR 14 | 46 | 72 | 114
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PR Gy AL PAAPEHI EFR DT F L g REORE -

Pt AR RS RG R AR R R K R A (BT 0 3R iz &
FHRFEFFORE T AR T RB DR E R
PR Il F AT eie ~ 33 o Fpt o SVRERA RS 0 B 230 B2 BT3 Ap B
PRAEY o v E T E R AR T KR AL T R 14 BESS S~ (53
ZAPM R 3L P T K BRI RAET A B A f Tl seenss ~ 33 0 AP

AR R RFRLR 0 S ha B BT3 % B ik VR EFRL 0 B rRLE
4 3 & Bl(syllable lattice) » 4c i FFanepE fF o

- H AT R AR B SRt 1/3 B RE B R B A AR B ey

BT3 % % » 4o 24 %7 o d 3P B enie i ¥ % ol 3 2ol o 3 s et

5 B

\\\?{r

#r ool S P S Tt g BT3 p B chdp AT R S 4 £4

B

32432 HAATHE D USRAY - B3R B ATAR M 2 B ATl R Bt

Fp B BTO BT1 BT2 BT3

6 32 6 99

G
s

242 % IR EREH MFCC g = 2 38

- Heha 4 @ 3 W R BT § BN 7 i) R AT IR
Ha g3 A B4 24 ha 45 RO BT3 #7208 3 B8 S & ehl
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4 ks TR AR P BT3EESMECC A # ¢ 8 5| H is §p 2 1% 47 B2 e
Al S

SOBRES A 0 F AT 2 HUE 9 PD-AM 30 BUE R e 4R
(forced-alignment) » & 3 o) 3% ipe gx BB (A MFCC o gt #-12 a-ng+d % 3 i 5
e # MFCC 5 &5 > 515 #8034 &k WATengde e & BT3 4p b PR AL R e %
=k EP BT3HHE %3 #5 S 584 o #ang+d § 3 Bk i 2 MFCC
AhAm s - wLEF BT3B, - w i £FH ppregaps pEe

HMFCCegm -2z 5= 2ad 3 » ol 2.6 #7710

20 T T T T + T
- *  a-ng+Belse_d
15k O a-ng+Bclass3_d ||
10 .
5r §
o~
g or g
£
sl §
A0F §
15+ R
_20 1 1 1 1 1 1
25 20 15 -10 5 0 5 10
mfccl
Bl 26:ang+d % 3 Bt fi & BT3frd # fp 2 g iE 2 T 2 MFCC 2 A %  [f]
A7 gk h ¥ BT3 82 MFCC:&H’%?'\‘»‘E&’T‘%%\% CRE=NLE S k8

MFCC

2.6 7 5 o ARt H 6 3R 2 4 0 BT3 #° MFCC e S eme & 4p

FoREAF XA L EP T A RO EREREY € HEF BT S8 2 D
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2.4.3 Log- Likelihood # i& B

ﬁ‘,\

P A T JpEREEREE NS E I OEE I RB AT g
2 AR EE RO R E o Fet ot RS BECT) AR e BUEARRE T 35E B S
(frame) = log-likelihood % it -
§ 3t PD-AM 5 7 R RAE T 0 F] AR A KA HPE > AR
PD-AM gt 7 { %> = 7 1849 B+ & 8L & 48 chg 278 & #ie(Gaussian mixture
number)i¥ 29584 ; @& %7 22 3p = 4p ik 2. B-5 H#573] (prosody-independent acoustic
model, PI-AM)R| 5 1595 i & &tgh » Kokfeng #rif & #oid 287105 A F e dicd
ARPEApE D
B 2.7 & & BHEA & REFpE T 2R B3 =(frame)slog-likelihood 4 1
He = g B (stage) st N & g Ao
Stage 1: ™ ¥ § & #-74] fs 4741 2 PD-AM/PI-AM » 1 mixture
Stage 2: 2 EM-Algorithm € #7:®i% PD-AM/PI-AM 2. HMM %-3#c - 1 mixture
Stage 3: ™A K ki = tied-state 22 PD-AM/PI-AM > 1 mixture
Stage 4: #i 4r PD-AM/PI-AM "2 mixture I 2 mixtures » £ * EM-Algorithm £ &7
% PD-AM/PI-AM z. HMM . 3k

Stage 5: #i 4« PD-AM/PI-AM 2 mixture & 4 mixtures - ¢ 4 EM-Algorithm € 37
#* % PD-AM/PI-AM 2. HMM %-#k

Stage 6: #i 4« PD-AM/PI-AM :mixture = 8 mixtures » ¢ 2 EM-Algorithm € 77
#* % PD-AM/PI-AM 2. HMM %-#k

Stage 7: 34 PD-AM/PI-AM s mixture %] 2 16 mixtures = 18 i mixtures >

* 12 EM-Algorithm £ #7:=% PD-AM/PI-AM 2. HMM %-#c
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Average Log-Likelithood / Frame

_64 1 1 1 1 1 ]
1 2 3 4 5 6 7

Stage

B 2.7 = PD-AM 2 PI-AM 3" 5u:% 4#2.2_ log-likelihood/frame ;7 &

T

d 2 B7 5 PD-AM sk ez d 2 T 305 3 4 t=:nlog-likelihood 5 i

—L“J\ “\

e PI-AM % chdis S e X 3R (2 B 4T 3160 PD-AM #odic PI-AM £ 3] {

AR A T o

25 FFEREHWF & 3 F FHEELEFT

AFTRL ARG AL T RN S E R F 2
PIHAPMZ pERE PP ERIRLIPED - FEP L 040 F 0T 2§
XIFR R L ERAROPF I F IS BRI EAUEIG FEE 5 ET 2
BERFOEE Ra > AP AP PRIRT - BEEHAEE T FRUGEAN
Menfix o 251 8¢ > BA SN EERA| Lo 252 8¢ Kd 4

WA T2 -
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25.1 #F| 2 2& =

24 &9 BB R 0 W3 3 SR hd 2

>
i)
b
{w
Rt
TH
&
&
3\
ke

£
Rt R - BEFEALESF EF 06X

mls
e
/4
(S
p
=g
~wmr

=

R R e hd S EE KBRS R KPR B N RAoF 2.8 5

BF- BB 25 AR R -

"%/£010101 0.lab" "%/£010101 0.lab"

Jjiao BT1 sil

tong  BT2 [::i> sil BT3-Jj+BT1 yil

da BT1 J_BT3-yil+BT1 a

xue BT3 vil BT3-a+BT1 wu3
a BT3-wu3+BT1 t
sp BT1

wu3_ BT1-t+BT2 wul
t_BT1-wul+BT2 e
wul BT1-e+BT2 ng
e BT1-ng+BT2 d
sp_BTZ

ng BT2-d+BT1_a

d BT2-a+BT1l x
sp_BT1

a BT1-x+BT3 yul

X BT1-yul+BT3 eh
yul BT1-eh+BT3 sil
sp_BT3

sil

2.8 1 B Rdgo iy E A

fo
iy
e
-2
.
:‘
&
=

2.5.2 B34~

B24 8 W E S Al A AR R AR PR AT A B SR TR A

\\\
5

HP AR o Flpt o APREARIRT T B

]
Lo 33k Rat o BH 2 A2 - PR 2§23 R A 2 B o

2. 30 ik E Y 0

ml,

VI A2 - ARTARY B &R 2 R R iR A AR BE 2 Bk

3o AFemdkRate > Eaz oz - PRI B3 &~ B2 pE R 2 B

Bk
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R BT R LN S B SS EXe SC AR F LR
WP IER A S R PR T B

BAOMYE L8 AL RIAAENFFZIF SR EREORE

g
¥a
o
>
s}
b

KL 2 AR SRR S P £ 25 PRI EE A

BB RIS BRI R I RSB RS 24 T B &

(52 4] 2 b A PR o

22505 F ek i  AFE R L - R WEE B LR A ML B

5 13K 0
¥ 2 Bk it
5 3 B 0

B3t % 2 Bho A T IRG APIROSIR B X Tl awm 2 R E R Rl B X 5
A AR TR ERROR LM o d 22653 8% A4 B3
E (& % % en,ng, yi3, wud » £ 12 Spi-{AH Y o B w52 - hR 4EA2 0 LG T

fr R AR S w2 R R AR O EP R R REBET G Ap Ay R 2

226 Ll Y c HaZ o2 - P B SR 2 R REpM L Bk

A R ' RE B i

5 1 Bk 0
¥ 2 Bk 0
¥ 3 B 0
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B> 3BL AT IMAAREOGT A P S s 2 R RS
HEPpAE AR PUP A o0 2 27 i 8% 03B 43 (49 5 yil, wul,

YUD) & G i i R R 2 BRERTZ AL - AR £ F LBR

N

»E‘: ,};3_%' ‘:.é_l’l‘

—

(4:9
(dn

Sz pEBAARM e - BB AL 27 ¢ syilhE 3B

T

RN R A S 2 AR R AL > DI AR ATE 30 B R AR

G

Pen% Qo FIUHE FRA BSOS F 4 Swul h¥ 3 Bk G DR
A RN IR A A 30 BRTALY 0% 8 B o Fpta HH TS HORE

A IR P AR REAI TR RS ST SRR

20270 A3 kR B 2 A2 - R AT B S L th 2 gp R R A B

2. B 3E B

e fi \P =
yil § 1 3% i 0
yil % 2 5 i 0
yil % 3 Bk i 1
wul % 1 B3 i 0
wul & 2 B i 0
wul % 3 3 ik 1
yul % 1 @ i 0
yul % 2 5 i 0
yul % 3 B3 fi 0
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A

3 EMRL.PEHREEE A

s e B B E

AR
HFELA 2§

A (PD-AM):& §

FRASCE R o & B RIg
& Bl (syllable lattice) » Tt & 3 -1 * 223p (= (B4 4p ik 2. B8
¥ (lexicon) ez = = 3¢

F’ 7 ?:FA\J

PFERLER B 0 H i ARAc @] 3.1 Ao o
3

324 0 ¢ #1413 4
2=

31 &® 5 g4
2 & FEILPE e grammar B ; 3.3 &R
e, fS e P F’“u*f#%\ ; 3.4 & P & PD-AM £ PI-AM
2.3 &35 (recognition rate) % & F

M2 BT3 A F 7 §let 553

Z (coverage rate) ; 3.5 & 4 +7 PD-AM f# 75
ek R e 5 e

Syllable
Lexicon

Speech Data {

A\ 4 ;
Viterbi Syllgble Lattice
> with Break
Search :
T T Information
B 3.1: F ayEnz k& ?H?E%‘]
3.1 @ 2>
W3¢ 241l B3 & 2 B ¥R £ B 7| (phone sequence)
$r BB GUE B SRR RN NE B SRR TR ER
feampd 3 1644 BygRE o £ 31 0uS B &G PLE
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4 ¥ A (SYL_BT) P1 P2 P3 P4
yin_BTO yi e en_BTO

yin_BT1 yi e en_BT1

yin_BT2 yi e en_BT2

yin_BT3 yi e en_BT3

bian_BTO b yi a en_BTO
bian_BT1 b yi a en_BT1
bian_BT2 b yi a en_BT2
bian_BT3 b yi a en_ BT3

3.2 Grammar % 3+

RypAp A P LGE 5 iR R R RIS Vg i 5 0 RS 2 g
FERp Rl NI EI I PR Gl FIRS B SR B F L EB
#(BT3) e iv (4R M > FIUU G FFRu o BRI ERRERZ L P T T ET R §
Fo LB FRMTRE > L RO E o Jfd DIRGER Y PLM fhie i g
BAE s SRR B AE AR 2 8 0 L bi-gram 95 SN L T FRELARER Y o 4

Bl 3.2 #71 ©

P(BT,|BT,,)

B 3.2 1 § & F¥2 grammar
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33 FRRPRZHIANRR

AETORERARY B L2255 b3 FERFRET R ERY
2. BB 33 M1 5wt PD-AM ##:5% & B 7“yu-yin-bian-ren” (3 3 #433)F >
4 d § &R @ 1 tri-phone model 2 7+ L M - 4 B & ¥ g & B 715 yu,vi,

e,en,b,yi,aenreen”> & 3§ &2 FpEBE LW 5“BTL, BT2, BT1, BT3” -

e —
L»Gil—yu+BT1_yD—>§p_BT1 yu_BT1 h FILET
L»Qu_BTl-yne yi-e+erD—>@-en+BT2_b P(BTZ]Cay sp_BTZH yin_BT2 h

P(BT1|BT2
yaven b a-enBTL 1 e P 3o 571, ol jan_BT1 8
—>Qen_BTl—r+e>—>G—e+erD—><e-en+BT3_siI P(BT3|BT1); sp_BTsH ren_BT3 H

sil

2

B 33: % Hyrnse el B BT 2B

3.4 a»«ﬁéw:igl&i*g}a me

AP TR el £ 5 HTK3.4[13] ) 444 TCC300 FH & 7 1226 &
4w PD-AM % PI-AM i (73 & eyl > F Shen S dod 3.2 0 4ok 957 o
PD-AM z_ 3 & eygii & v i 68.20% » # PI-AM 510 67.55% % {8 3% ; # 4opt »

insertion % deletionerror »+ T % 3 o

Model Hit  Sub. Ins. Del. Total Recognition Rate

PI-AM 18235 7889 354 348 26472 67.55%

PD-AM 18364 7790 311 318 26472 68.20%
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AT RERE R Y MBI R E 0 P PR L AZiF 6.5% 0 &0 drk

3.3 “i77 o

# 33D RIEFHE Y MMM IR RS R L5 8

e AR £ a1 IR =% #ic
da 6.86% 175

ta 9.94% 161
zhe 7.64% 157
zhen 11.11% 72
yi 7.04% 824
mu 8.00% 75

xie 9.21% 76

liu 8.79% 91
xian 8.43% 166
ling 10.39% 77
ming 10.00% 80
wang 7.62% 105
yue 9.72% 72

dR AT g MRS I RIZFEIL AT REEIRBF LS A

Te PEFTHE BT AT A REF FHERT B EAREFF
L IR 0 ﬁ’ﬂ%&%'%W*ﬁ&A%iéﬁoﬂﬁ’@ﬁ»ﬁ&
BHES O R ERERY A RN RS FERAT ARSI HERE A
IARF L o A DRI R S BEE ] o o L PR o

Pk AL L i PD-AM e PI-AM &7 e & 8+ ] T (02 arc sk

22



\O

bt

h
1

95

94.5

94

9351

93

Coverage Rate (%0)

925

92

915 : . L L ) |
0 0.5 1 1.5 2 2.5 3

Lattice Size

@ 3.4 : PD-AM £ PI-AM-#&-7 [ g & B < |« F > § &0k E 520 i

B AR R ki B el REMGRA A X o d LA AT o FHER
DRt b R 2 PR AE R AT BT3 R A o HARZL 3R B b o T 2 B P
T AP EECET i A PLM e 2 §h 2R b e = Hrw|d 55 0 3na £ outlier s
hothiz i BTL ehiv 30 30 a cnig S i £ > fh3e » BT2 chj > 304 ehik o ps
Fife 432 837 220 v R fdl "R A 4 R ox § VA AR
PR EREHIEH DR ES T R AR R E ARl

BT3 fr2- BT3 tha 3

35 W s ERL A4

AR e~ R BRI P REF HOA O AL R BT e #
Worrek s o @ B gag I G BT3Bt 29T R s o F i o 5] SRR

FLR T AASES g3k PD-AM BB (7§ § R 0 TR 1 5 BT3
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LE il rneaa e odgf o

~

B i sE P AP AZIE 200ms e i eE e E e o R o 2 I REKE 2 AR

2. ¥ PD-AM i f285 10 BT3 en=i fiche & 3.4 #777 o d £ 347 %15 97.4%

~'

% 4 P A2 18 200ms ik A o fEA5 0 BT3 > P PD-AM 278 4 2. BT3 dux
TR o S g R T LR A B S KBRS ) AR B2 e

=-

R o

%34 B Eed o kg 2550 BT3 2 #icg ' i

vk 5 BT3

24



-l
A

FrE UFUREBITRAFR

; :F‘Fo\.‘»

fid * 223p 2R A R B-E H0A (PD-AM)FELA 4§ & Bl(syllable lattice)

o RF AR BT YR G Pl b B R

-

% % 3@ Bl(word lattice)» & & £ B & n-gram 3% 2 #4443 Bl £ 273+ 4 (rescoring)
FRA D IR mErRL T A AR S B EH T SBALE G 5T R
BHE m S wE A2 58P AT B EFHE A3 H RN Ko
FRORGBEE S SRE P LA HEF AEEFEFT A FRRE SR

R3EE R 44T PG TR AL S T A

41 3 URGEWE BEFEE2 WA

-«

411 4o UK R

SefE 3 "Lk AL g4 5 (Weighted Finite-State Transducer, WFST)# 4R % — i &
T o L2 R (state) A5 ] @ itk ps 45 (transition) o ¢ G gy~ F - (input
symbol) ~ ﬁi%] ~ (output symbol) £ 4 & (weight) - B 4.1 3 - $= 5] > # ¢ foin
B] % & 4~ etk A5 (initial state) > B4R B & o1 4 ok K (final state) > #& 458 F ch= B

B LILAU AR AT A NG AL RE

2007T:25R(|0

BAl: &Lz 4oy "Lk Ly
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Z B WFST A4 +td = B2 (QLEIAS) S » 87

3

1L Qi#rphiaenft & o W4l > Q={0,1,2} zadhEaBd ks 3
Bk o

2. lidrdik e 0 R m o rUR G aE- Ak G o AR 419 0 1={0} -

3. Fis i 273 "URABSATRE 285 F - B chk R

fe B4l ® > F={1,2}-

4 Ti VLA FARE o M 4LY 2 E={100 %, 200 A} -

5. ArfrjeadgiiFAf s o ARALY o A={13%R 2%}

6. Mo AR KRR EREE AT R §ES I B DR

AL S Bl S A =S A £
1 kg

WFST 2 7 % i B R G @k gy L F 5 = Badp ki - Bt o
AR o - Bpd Adpit L 0 BRR B A F A A G- @R Rk
By his- BEPBR S F BT AL & T RS 7 X (accept)
5 F 2 BIES B’% '(reject) -

2. #&#

AEEREF DRSS P PES NS TE R F BESFF G RBRLG
()~ P vk d) By~ F A0 WA F A oOBRE WD AP tRET D
R o it - BESEFD F10OW) | 457 input symbol ~ O # 5= output symbol -
W £ 5+ weight -

3. ZHEH:

?ﬁﬁ“%iﬁ»iiﬁ?ﬂﬁ%ﬂT—%%@:gﬁmiiés%’%ﬁ@e

\

PEA LT G F e B WRST poo g JRd @A k& 7 Bt
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O RS eF FREZ M EFRRIKES VAR L ARV
W3E R FERTH 20 WEST P> — 45 € #F & #03] 2 4 #icP~ negative nature log » F]2*
BEFARLGCEL AT G Dt i (cost) > Flt A FH R ERISFETARL R

AL S AR B BT

412 2 LixE 2

WFST - Bd* P E7 U #7 kA = WFST 247 %2 & 7 & 2

=

(Compose Algorithm)#g i€ > -2 B L 2 B 3] = B &% T WFST > 287 3 » ik
HE 2 SRR WRST & > 453 - BRE -

BRA B Uk B A S B A S N3 2 Bl 3 A
Eoita B AYBEEE 2 - BATOVEG Uk B C BIFC=A-B- 5
Cophfi ~EBIWEI ARB Rk L2 mH ot & > Borilgd g € Pl 84 A

FBAp4ed 80 X8 N gTER S RS o B 422 43R/ - 0] -

Bl 4.2 4o s "Lk B4 A(2)E B(+)
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b:al0.9

Bl 43: 4 fgs "L i Ekis C=A-B

HEREFE 2P 4 i xf\z%@ﬁﬁﬁgA—r%ﬁqgﬁﬂﬁ%} 2 7aR
Bzfir3 A bipdh  FlUbd § N e B f FURGEEW C P o gt

|

BBkl AGES A IR R A T T A AR L ES 2
MF A afe o FPME C MM S RIS A AT L A P R

Bl e T AR o R R Y SRR PW -

42 F7dlee

SRR ARG B GEARL I v 2 R AlerE s el SRR A S
Ao AP RAFFIIRLF OGP FET I TR LR AOMEE I
R ATER SRR A A RIE o A EY B R Y h

421 F3HAUEHR
- HE 2 G AR Egp(word) i AAE 0 EK G - WP £ G

N B3 o G Twawg, wy o B Twiy A e R B B 4

B2 IR0
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P(w,W,,..w,)
= P(Wl)P(WZ |W1)"’ P(WN |W1’W2""’WN—1) (4-1)

N
:H P(VV| |W1,W2;--'lvvi—l)
i=1

R o & 3 UVenisRMF £ 7 RBAT5 ok 28 g g = o Tt

Ay n-gram g% A58 2 i1 i (4.1)5% 0 Ao Ao
P(W,, W,,...W, ) = HP(W [ W gsees W) (4.2)
H
Count(w,_, ..., W,
POW, [ W g5 W) = Wy ) (4.3)

Count(W, ..., W, ;)
Count() % 77 37 8 &) Jusk fieo d 3% n-gram 3% 5 HEA AL 2N e Ao % 9 R
B R NBTRE S R R ASE R - B TR G
P M ¥ A KA ARREERY 2 g S 2% Count(Wepg, e W) 3] BE
wish B i KU B 2 A e 3 gt 0 AP 48 KT o it (back-off smoothing) %

RERA I 0w 0 @5 ALY TG e n-gram 5 F 395 AR L it o

I:)(\NI |W n+1? i—l)
a(W,_ gy W )P(W W oy W), Count(W,_, oy, W) =0
i 4.4
_ d Count( i-n+l1" Vvl) y lg Count(wi—ml!"" VVI) < k ( )
Count( —n+17" i—l)
Count(w,_.,,- wi) , Count(W, 1y, W) >k
Count( —n+l17°" ifl)
(4.4)75 ¢ a(W_yp,..., W) 5 598 T 41 (normalization) sis e fhdic » ¥ F % AT if
[V
D PW = WIW g W) =1 (4.5)
weV

BLE44): > §3 5 ngram 59 g g i s 0 pFo A H
(n-1)-gram s F Tk F - BiohTihlc Y UAEL - BRFOPFEAPF 0
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I Count() eniE 3] PF 0 R #E-R4scon-gram &k - B3t 1 anied,

(Discount Coefficient Factor) % :& 7T % - d_ #_i% 4 Good-Turning discounting #1
a 3

e ¥ ﬁ@;}rﬁf B EA LW P L T NRan-gram g5 i oo

422 %3 WAFHL

VHGETHAIL FL G A R FEAL AL R Y Y 3 AL L

f

Bk f A NSS

1.k &jesk(Sinorama) » # p x5 - HRfeiEene 30 W R TR E SR AT
1976 & 3] 2000 & 2_ fF

2.NTCIR» v - B2k iR 2Rk o B0 7 d 57 k5242
B g o

3. ¢ FIaT fFa & (Sinica) v E - Fd ¢ FIREH NF e 7S040

v

FT AL R SRR

NSS #.f i CRF[14]47:R B e 42 © 3 B0 [15] AL 1 - 7 Flan e
#cf 5 122,541,303 - 3 #ep 281,225,705« & B2k - - Ry hE A ¥
- B F BB DL uE > d 0 T s A ] R K I e
LR Y e T = DR RN ol e e R R
PR PN LR R TR R E RN e - X

o~ 60000 @R HTEEE L LT3BF -

‘ . &= » 2 b

R L enfE &
SONGFPURERT RS S R OEARL AT AR T AT &
Bl ~30 2 3F 5 BRI S PUR BB OR  fI R EFE 2R ER TR

EELGEFERE O ALZPR BREF ORRNY BEFEE > FRLFEF T
*

A HEREATTA 0 R IEF - FEL A

ﬂ
]4 3
i3
T
Ny
¥
o
9

% Hdo ] 4.4 47 o
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Syllable Lattice

with Break

Information » Compose
Word Lexicon Word Lattice

) J
Language Output word sequence
> > —»
Model Compose Search W = (Wq,Wa, -+, Wy)

B 4.4 %3 & BT RF TR L A B

BAFHRY EFRELFEFEZIOFEE ] 2 BERF o £ Google
Research and NYU'’s Institute #7F 3 2. OpenFst library[16]:& 7 ; #iE = 373 3
2. WFST B4 * Idiap Research Institute '+ F¥ 2& 2. Weighted Finite State Transducer

Decoder-Juicer[17] e 12 ™ HR-ghF & 5 PR AL 5 TR — I R pl o

431 FFRERFFTR DT E W

d HTK & 2 403 3 35 & 1% 5 3 3 g o Rl (Syllable lattice) #¢ i #-# 2t(node)

* WEFST &k f& (state) & 51 > 2 (arc) * & 4 (transition) & 55 > & 45 * mﬁ%l ~ % ﬁ%] )

H¥

SIEVEEEF TSR N T SR SN N S TP

#c(log-likelihood) B 5. o ] 4.5 4% #— 46/ -

yin_BT2:yin_BT2I500

yu_BT1:yu_BT1I300

yan_BT3:yan_BT31600

yin_BT2:yin_BT2I500

B 45: 3 & ®2 WFST

yu_BT3:yu_BT?31400
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432 WL

e BERIRE LG SR R P R R SR S
BB AR o Bt o NP Rk REAEPE D F s o R R R BAE
BB 2 intra-word 3 = fEip 24 > £ % 5 BTO~BT1 2 BT2 - inter-word
3o fAfpEiRag o 2w BTO~BT1~BT2 2 BT3 - Intra-word 2 #7127 % #- BT3

BEREEFIZFEPN P RBHIRE B Aot - kB g SR R 7§
Boi & o e TP AR Y JR B R MR R g 2 e &

A1 TFREBRL L S 2 L

ol
.b
=
T\
“"..l
#r

L H SYL1 SYL2

=z BTO% _BTO  yu BTO vyin_BTO
2z BTO.% BT1 -~ yu BTO . yin BT1
2% BT03 _BT2  yu BTO vyin_BT2
% BTO%.BT3  yu BTO- yin BT3

% BT1+4 BTO  yu BT1 yin_BTO

|

% BT2% BT3  yu BT2 yin BT3

FeF P Ae s g WRST 2 38 8 1 anfig » S0 8 eng &8 0 3
M50 W46 5 - # 0] a3z sl? ¢ 70 BT - “35_BT3” » “3
_BT2” » “3_BT1 4 _BT2” 2 “: BTl 3 _BT3"% 7 B3 o % bk ji T 424
ez R > B5 0 hf SR F R - BEE o G s
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yu_BTI1:zE BT1

yu_BT3:5&_BT3

yin_BT2:#_BT2

u_BT1:3E&_BT1&_BT2

yin_BT2: ¢

yu_BT1:zE BT1= _BT3

yan_BT3: ¢

Bl 4.6 : & 2. WEST

FUUM AL S Wl o HARIA6 L e L R Rl AT BT 0 A L gy
FATL LA CRERATF E R 43 Grs T R &5 _BT3 5
_BT2”(%] % intra-word # & 113 E =48 BT3) > % {F B 4.5 & o eioft 23 &% & 4

R Y v aE T A U Rl eh iR A T R e e

yu_BT1:#&_BT11300 yin_BT2:% _BT2I500

yu_BT3:3&_BT31400

yu_BTL:& _BT21300

& BT1IE

yu_BT1:#E_BT1=_BT3I300
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