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An Implementation of Mandarin Broadcast

News Speech Recognition Baseline System

Student : Lung-Hsun Chang Advisor : Dr. Sin-Horng Chen

Department of Communication Engineering
National Chiao Tung University

Abstract

Broadcast news (BN) is very general in our daily life, many researches
were investigated into combining speech recognition technique. In the thesis,
the Mandarin broadcast news corpus, MATBN, was adopted to train the
acoustic model at first. And the models for spontaneous phenomena were built
by making use of this corpus, too. Then, the language model (LM) for BN
recognition system was built and adapted. Besides, in order to exploit the
information of punctuation mark, the related transition probabilities were
retained while building LM, and the pause duration models were trained to
improve the performance. At last, we tried to use the information on part of
speech at the same time. Finally, the syllable recognition rate was increased
about 16.04% for anchor, 20.52% for reporter and 22.79% for interviewee. In
addition to the recognition rate, the performance of automatic punctuation will

be observed and analyzed.
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?Piiégadﬁ (Reporter ) fe= ?f—%‘ (Interviewee) = 8 > %15 % m;p'fgﬁiia?:

BEREG - URARPLE > blie 1 dhsed 2 5 IR EE S A B S
| F 2

=
M

ETIS

VR R AT R TN FREE T ERBME XA L F RS
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2T R £ 4 HGER GUIGERERE S S ART kg &Y Fmmp)
v A w3 411 F - particle ~ garbage (% % - /7 %% paralinguistic
phenomena % — £ &2 JR B MG ) IS B E B e Fies AR
e BT IR T BRI Gl B A BB R B R

hfF i & o

100%%

8%

0%

40%

0%

0%

411 Particle Garbage hreath English Wlinhan

e 1HDG

100%

8%

B0%:

40%

0%

0%

411 Particle Garbage breath English LhinMan

-8 e AR A I



100% (04-11%

80%
60%
40%
20%
L8l% ppowe 2% 13w oot
024 | e - - :

411 Particle Garbage breath English MinMan

Fl= -0 L FEAm g bW

mﬂigﬁﬂ??m’m%i%ﬁﬂﬁﬁ%ﬁ““ﬁ ERF] R R

XL K EF - PR RRAAR AR f R B e F TR LT

BE R HAHE e EE s D e B GRS e
g *%—*f gkl o 2 ALl FEnt IIE N F AR 0 AR Y %fﬁ'ﬁ 11 particle

{o garbage +* BB ® 0 & fripHpApes & o
1:/% prz b AR BRE S R L IR AL BEERE N B e T 4

S

%\‘ = —2 rv F% F] —ﬁ L—L fil]
R Y S NI B
F 2 A b 0.21% 0.36% 1.31%

F) 50 AR 5 BT kAW RS EE SRR RS B AT

¥HEBRE LW:EFVHR ~E 2 PN Lo A MATBN % - #8715 - & gl
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Rt E L DR

BRI S R4 T

N33 3% (Anchor) @ 4 4

>
> *H3ge (Reporter) : 89 4
>

=3 —‘ﬁ (Interviewee ) : 3429 4

T BFRAEY Z ARG R AR bl

41 .539%

i e e ]

15.25%

O g 45 £
W 5} A
O3 &

BT R NERRAEATE N P F RSP Y TG b

T A Bk
BEFFRD20% 2+ 0 @ h3E5 4 LR HATER A Mol oo

13
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e
Jis
il
et
NE
)
3
1‘1“u
o

MEREBEFAFFIFRAAPHAAT P BT AT a2 2 A ERNE T

% #°74] (Hidden Markov Model » HMM ) > izfd = ;2 {;ﬁd WAk F S
ALY Sk (State) 4R § 28 IR % 0 FIL RS F T 0L )7 4 pe
SRR A R - A REE N IR et - 3 £ R

@]ﬁ'l)}%—" 2B g2 HTK(HMM Tool Kit)» @ B & & * &%k & 5 version 3.2.1 [7]

BEFER FEE SRR R F AT T 'Fﬁ*ﬁ{%‘ % 3 ﬁﬂ@%}
FRPREDK o FEFER L w2 €45 (Short Term Stationary ) » e
P AR AR EA s end I IE R A TR Y e dic & MFCC

( Mel-Frequency Cepstral Coefficients > & &4 5 5% ) -

b wmiE 5 S REBpE > § EE DC A % ~ = FFT ( Fast Fourier
Transform ) z_ % i # Hamming window ~ # {é i& {7 CMS ( Cepstral Mean
Subtraction ) % # ¥ » gt ¢t “,ﬁ% 7 MFCC % # > » 4% Delta-MFCC 2
Delta-Delta-MFCC % #cig {7 FBeo - S lic v @ 978 2ot Lo R IELFERER
IR 5 i & L

»  Frame Size / Frame Shift : 32/10 ms

»  Pre-emphasis Filter : First order with coefficient 0.97
»  Filter Bank : Pass band 0 ~ 8 KHz with 24 channel
>

Dimension of MFCC : 12

Hoe FlL - SR '%‘ SERRCS U %3 B3 e MATBN 4L ¥ 2
HARBRE AR X AT 5 BP v F o0 - B R kb ATk RK T
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¢ ¥+ Delta-window ¥7 Delta-Delta-window = | 2. 5 B39 2 5 2 ¥ ¢ » % 0
Feedn MFCC %8t 2 F 35 D & 0 A s £ P {3 FRas 2 £& 5 97
PO R G Tt SRESE R ML (T S RE 2 (5 BRI SRT A - AR

L‘~ 38 ‘a‘_m‘,§ &) thrav € °

32 ¥EHAIz Ay

PREa > AR g left-to-right HMM » B2 2% v s B PR A % o
PFRLFERARL A ERF T P EX AR - § 12 (Frame) ¢ > ¢
R AR e gt b R AR B AR LA R AT AT R R
# 4% & ( State Transition Probability ) » 12 % & & § =87 £ Wk i edp A2 B G5k £
LR & (State Observation Probability ). #51¢ * & & B #r4ic4] ( Mixture Gaussian
Model) % % 7 [8] -

¥k URECA) ~ B3t SBepERR * g 2 B+ Baum-Welch 48k s 30
e Ak R A g A AR R AR s e o vk e 0 T E AR

FRIEEBR A ARG 2 I FER L (ReeiE 7 A * Viterbi search b &

o

.
4

SRSt = (S ERIE

-
,‘m
o

33 #2223 ABRBREFHI
AP AARBHAE 2 TR kR LR ¥ MATBN FHREY § - & 5iF
ALt 40 ) pFe i * e B HTK P > HMM A= 403 cruE = 3 2 5 & fd
- fafi s flatstart > fd 3 2 g AER- BKFf ¢ i TiHs® > T A
FORIREAE DR - BA Al > BT K 89T eh=t § & (Sub-syllable -
Bpt TP 2 R e )R R P BT A B REDFRT F A F A
AR R DEFOET > PR ETRS R YRS - BT T

BAVERT B A 2o pfE A A B B 0 A1 ie foim % (Fixed



Boundary ) T f Viterbi estimation > i iE Fl i F B &eniz g e dvo Ay

dott ARl g s A

331 K+ 3ix% (ForceAlignment)
Fli R IEFTEER ",% 1 RWEF Y 411 § & (Syllable) ~ silence 2. ¢t > i

& 7 - B HL G FI R bldo wFex B particle s % Boei i B EE T F WG o

)

Bh hEer 2T E S T WP AR R RF

® 411

ml4

& ~ silence ¥ particle

F] % — 4k read speech ;AL T R e HMM #°31 ¢ 5 € ¢ 7 5 R3F 411
4 @ o silence G B-F A > Fpt At AP AL R * TCC300 #1305t éh HMM
BoA kP 5 & F kiE 2 Ao do R e e BUE R (7 B0 T F] 5 e
TCC300 2= HMM #:4] ¢ 5 ¢ 7 B HFTH Y 2300 % ch &5 #7) »
ST A e R R RGE R B

d ** read speech 3% L 2ug e ST particle i&#F spontaneous speech 3% L
¢ NI B0A) o it (T8 B~ particle ot B B pF o £

4 3 particle 12 4pF eh 411 3 & 3F & -

4. =-1 % particle 2. 4p 7 411

Particle it 411 § &
A a
Al ai
AM an

$or b ey B RE R e SRR 0§ RS A
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BBy (3 FRBEHFRT O IR AT LR EER) FETT

SREALN B Y R a3 WFE 411 § & -~ silence 7 particle iz = AT 0 TR

B 35 665 B+ (Turn)> £ 3 35388 BF A £ & 5 2.05 B/ pFo
WEM N E %%‘v} force alignment> if ¥ ¥ 3] 411 § ~silence §r particle

g7 2] = ¥ F 3 (Boundary Information ) > *» & F 3 £B~ = B Bl4eT

PTSND
Training data

Particle

¥

Replace particles by
411 syllable similar 411 syllables
& silence

411 sub-syllable
& silence
HMM models
(from TCC-300)

Forced Alignment

Boundary

Informarion

Fl=-1 * 2% 7 KB W

pﬁ'u};%
Fli et B (Breath) > &R #HFAEY £- BEL PR % > & A

2

# * 4” * Yo A Srif s 10— A& read speech %\?} AR 7 J:IJB’»%F’ R i‘;)] [l
B oA F A A 3 g VEIRS DIMGE R (T R 0 (R P 2 A Ay

Boal g et 2 o H g -
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Garbage

RIGFTERFAY 3FF i pRFF P EV AR FRE a2 A0

c b s ,g&

FIAEZ BN RILT BlAhe R B BRI o & 2 FER T
R T R T RS T S Lt =Ry

Bt 2 B R A AR R R

v

% %A 5 T Garbage ;> A fLrf * RPN L@ ERES F S A S

" Garbage Model ; [9] °

2

d *t garbage model A& * kPR 2F sk g o Flp U @

‘Eg.",

Fltp g PR > SIS A kg o APy T AL % 2 #c (Variance ) %+

-

Gaussian distribution » & % 7 ¥ ¢. garbage model ¥ silence model 7% # /& ¥

% iE {7 garbage model 2" R pF A1 * 3 L E 702 non-silence sHE-F FEHL o

T35 7 B FERRPF > — i ¥ 3§ o garbage model & A& H

LA it
Ijﬂl« IR =

—

35 WAl 42 T o garbage model <A We g BT a2 gAREY

2Kl

et Bk B BT w BT T S HOA AT B enA Bp] £ R
Ao ARTE B B i~ 90 garbagesmodel » Flut i Bk o kRIEHA
B3k BV UERN S, 2% 0 Th - B* garbage model

s B A B S

sil ol A h 2 ao x5 yang

Bl = -2 Garbage model *» 2| fF el #-2_ 7 2] 2 %

LR ET G VO G EAREATRE D Y SF T ARG

f

T-L

Iﬁ.» ‘f["ﬂ.ﬂlﬁi‘jp’k q,\lujﬁlétljji i—?\,]7;%7 HI’L’!’J—"/‘Z‘L\’J 75"\)3—'
i * — {3 #59 c9 garbage model A W] E 2 el G F R o gt - K s

18



T SRR 7 0 E)E R g s

1] 7 3 (Boundary Information ) ’]S'Sig R T I BT DI S

e Sty

B i B e AR S B BleT s

PTSND

Training data

h A

Boundary

Fixed boundary

Information Viterhi estimaiton

411 Syllable
and Particle

Initial model

IROEAN AR K e

> — 1 SP (Short Pause) sh HMM #-7] » iz & K~ & F &2

Fenedf# g SP P 5 - B > otk i o3FpE (Skip) o ¥ F 7 silence (7
B &E (Tying) o

I
Q) Q)

Bl =-4 SPHMM #-7|
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3.33 PRmER

B H A 4sBA) 2 18 0 2% % 12 7 embedded re-estimation b #b P 25 L et
BFEME AL FE S AT RS- EFHY o 475 2% F % (Clear Speech)
SRR E RPVREF A > T EE AL 2,198 BerF (Turn) > 2 5
168,690 B3 » FEEERH 0.5 B[P o A REEY » ¢ RHRTEESF £
HRF 411 § & v particle ey i mixture B #cE TR K (F 50 B3 1234 - B
mixture ) > & F Bk A mixture Fc /i A 1 T 16 2 B > E£AF VIR T JTac s ok o B

(5 E U R B T AR AT

222 ARyES i HMM $80R 7

PR AR B #c A s i Mixture/; A%

B 100(RCD) 3 1~16

Pt 40 5 1~16

Particle 19 3 1~16
Breath 1 3 16
Silence 1 3 32

SP ( Tie to the middle
1 1 32
state of Silence )

Garbage 3 3 32

34 'j‘f% BB w2 5
R R E o RRRRARATEENE > LA RO F RS AR
%

MAE R g et v R g oL R FIP g B F R L MR 22 H
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poenBg A

oy
|4
Rt

BRI B BT KRR RS

341 FGFHFER

LRFZERFFRAFAE WA § RFE QARG Ao BETH - oF
2f gt MATBN FA2E Y % - &~ % & amgdd - o 20 2 % ey
FRE P T Y TRE L2 F N FRF L RZAFTEREE SR
TBL D2 4 REVRFEN FF LA —FEFREMRY  LRBEF VS

ALE DTRGE R T AT L

23 LA T YRR

2 HCET LR B Turn # P PR O()PF)
A e 2,261 190100 10.94
¢l iﬁ‘é’c—g 2,373 114,239 6.3
R 1,849 109;416 7.03

R4 ERRT AT R

20 BT TR B Turn # P R (] PF)
AR 2,071 175,194 10.1
e | 2,167 104,960 5.8
T 1,666 99,039 6.4

3.42 PIRinAR
B - &P AP g RHRATREHE MATBN 2 = 7 - B2 235 % %

B ehgeneralmodel > H ¢ ¢ 73 RIFEATEFEN Y L AFLES R fOEE A
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A

PRATT T KD B ERHEEREA 2 GERE 72 3 1 5

2

ik g1az = general model PEApRe o d T 2 RARRI T ALY R RRBE D REES

= ?ﬁigfg BERARII = ﬁ}%\,ﬁﬁu}vﬁ;ﬁ@ s DI BB A H oY 2

B 2 i AR o

Mew training

data

y Forced alignment

B A
ki

{Anchor/Reporter/]
nrerviewee)

Boundary
Information

4 A 4

HEE I ETr
{fixed boundary)

:

Training(x2)

v

Mixture no.
adjusting

1!’;

Training

Converge?

Mew model MNew model N miodel
{Anchor) {Reporter) {Interviewee)

W= -5 ke AR R AL
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2 F)ll ﬁm;@ﬁ__\i\:’ ) A %‘? ,},u—m] ¢ mixture B ﬁ'{gﬁ;’% %;}"% ;\l f’b;ﬁii o #E B >

F P50 B 428 4o — B mixture > 2 f gt 2P R mixture [ Boc b FUH 4 T 32

i mixture » BIT A (S £ B E KRB OEF A > 20 H0A] Sdicdke T & 97
225 A7%kHT HMM 2808 2
BoA) fa AR i e Ak B Mixture/;# &

B 100(RCD) 3 1~32

ip? 40 5 1~32

Particle 35(4/7/16) 3 1~32
Breath 1 3 32
Silence 1 3 64

SP (Tie to the middle
1 1 64
state of Silence )

Garbage 3 3 32

Jez FHEA N BEAIS ARG AT N bl BREC particle

[
NI R - o B e B BR Y A A AR R R F BRIV Y
L ¢ “LFJF 1 e particle 327 fe PR E R LR SE L S PIE LR S - z]}Iir;L—;{—‘FK@:_f_

35 1 particle ¢HC7) o fe B U Ak AT e 2 BIRE (P OHA - 0FH
BEPH) NG ABTHE L6 R AP 5 H FS particle MRV BlEF 0 4
M E D AR 2 B 0 @ i FRE 0 2 2 2 dpoparticle #1030 Pl H
4] £ @ (Model Tying) #3 ;04 B34piT 5 £ 3 91 HGEH o

e §_ %] 5 04 particle F8 WA auE = 4 0 HA| & H D o U R
WL F D iE A FERpE Y 04 & % chparticle J) I K A28 R particle <035
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TR BAE AP E Ad R AE 2 EARA (Free Grammar ) A7 2

word-net ( % F 8 ) F PG § 2 o Word-net e fv 8T & FEE R SLP At

=i

G 8b2 AR o A F RS SE) - BAe &2 (Start Node) fr— %
&2 (EndNode) fa o 512 » SV 8 & Aoid B 4 &85 34 B4 £ 3
¢ particle =i # 3 - 3 4 #ic (Language Model Score) » & H gk ygas 412 %

HE 0 TR R ALE A o AT 2 B A e

[=-100
iz %, model » 7| & % 2. particle
A 45 & B Fhag
Bl=-6 #3]% % 2 particle % word-net 7z J2

35 FE%—7 kRG22 EF AR
BB e 2 A s [ PR R PR R KR R 5%
FLR L IR BB RO chypsoaar o

dr2 WAt o ARG B R B3NS FIRAE T LT R R T

g L z.— 1T 5k Soutside BIFETE E R (H Y HathREF D )X FlE L
PR EMET RREE Y A T ) A ot B R e i e
PEIFT RAPIFEFPERL R TGGEN € G ;% T A A 0 ot

% o 4717 51

‘«3;
Pl

T N =2 ﬁ ( Multi-speaker ) s % suenid % » 2 g % )%Jr‘f
AREE RN G EITZ AT P A TRPIFFLLLBET > € IR RFD
B nEZ A S ﬁ 2R A S VIR SN VI = Jﬂ’f B = ( Speaker

Independent ) 348k seenP 2% 0 T REF N EE AT 2 5 40T 0
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226 ETRAT PRI ECE
PHGERESE | Tumie | ¢ 2 FE B CLE)
A2 e 190 14,906 0.84
iLF: 373"]5 210 9,279 0.5
= é’?'ﬁ 186 10,382 0.63
352 RE%%%
L-_é%e""»’%‘ f ‘{,‘LC‘ , {#zﬂ, e Fr' ]/E‘ ; ?%EEH L ji’g ﬁ'—l«LL * 71/@‘ < ‘/z{ (Free

Grammar ) 2. 2 jF 3P > FIP R F et E 2 ¥ B g @ s (Syllable
Recognition Rate ) » * ¥ 5% % ¥ T i@ @ particle ~ 3 FE2 R % > 57 WL
AA O AP EFERSI R REREAN G & AT B 0 3 E 2 ST
Sub + Del +Ins
Accuracy =( 1- )x100% (3.1)
Number

HY Sub 55 *~A1453%> Del 54 “f"']%j— v Ins 53~ A4E3E > & Number B 2_
3 Wi B o B {83 B 7 D2 outside RIFEFER F AoT £ frop !

# = -7 Outside iP|3# 3% 4L syllable 3¥38 3

B Sub Del Ins Accuracy
L2 R 18.51% 2.88% 0.85% 77.76%
‘h He f 27.88% 2.56% 1.15% 68.40%
e "ﬁ 45.73%) 6.87% 5.08% 42.32%)
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353 FH%AH
PR PEREE S T UER T S BEG
S S SREE = 2l N it

e
PR 0 LR TR R A 0 ] R R -

> EE AR ot x 1L b etk B o F b LRI s

S T LIRS SN G R SR P AL R R
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3
=
el
&
}J
)
HY
|
‘;ﬁ
s
(\x
-1‘;-‘\1\
ml4
3
T
W

3% % #4] (Language Model » LM ) 7 % 4 5 A 8> % - A k¥5F 7 2

ENFWAEAR TR R N TR P L2 #3] (Rule-Based LM ) ;
T R RSL R R e T GO I gt o L SRR

B enms 20 P @ a2 2 3% 2 #07)] (Statistic-Based LM ) o fpb 24 { & % — Ap g

Egof 7 et 2 E s Rl

41 EURA

TR AT A Fé*ﬁééﬁﬁwaﬂﬁéﬁéé%mﬁgimmﬁ$
BAl o PIfE2 535 WAl - F A8 FF 7 5F8F 0 i B LM chf s e £ B F
#-4] (Acoustic Model ) = F # WOF RS R MEIE T I K S o

A% 3% Y * (Mandarin) iR o 2E = S A o - & F @ (Word)
TR rErmeomd £ad 2390 o @) S AR 2 ipd o+ i g
TP TE GBI FPLN ERTIS TE o, A BEA
(Character) > BT % 4o A @784k B 5 £ & o Fl#t o il N F4E 2 LM o0

22

3 iFw > LB H - B (Lexicon) H P F & F 2INATE B F a0 o

411 n-gram 33 #-3)

B3k F - B3 (Sentence)  Hp %143 (Word) 7 H ix#rle s » B2
m B3 s )T-"u'ftl'—wl,wz, W, g B Ty RSP B MAS

BB T e S o W AT fE 5 - i B eniE 248 5 (Conditional Probability )

2 i 3 [10]

27



Py Wy w,) = POR)P(w, | ) POW, [, 5,) - PO, |y, e W, )

! (4.1)
:HP(Wl | W]:"‘Jwi—l)
i=1

R F et )3 R R iR R R T A ch TR

AT i f Bk 0 BIT R Y nogram e 4 ABIT (41) 5

Pw, Wy, w,) = [ [POV [ Wyt W) (4.2)

i=1

H ¢ & B n-gram s F o ?fﬁﬁ b+ E2 F¢ e (Word Sequence) 77 #4 e

_ COunt(M}i_nHa'“vM}i) (4 3)
Count(W.ansiuw..,) |

P(w, |w, Wip)

i—n+12°0 Vi

He s Count(s) % 73 8 cnI0#c s A zE 203~ %&,{ﬁ ¥3F % % &0 n-gram

EE R I

4.1.2 # & &rsmoothing
d (43) A7 i > 4ok s 3 hCount(s) 5 0 BF > B n-gram =i
FEEWO0 L - BIFP ANMATEY LG NRE T AEAFEREEY B
€FEAL s R FPLEATRT I DL TEI LR D A A LER
(Information Theorem) + kg5 0 § R FF A E &5~ » 7@ @ S Fehft o
g oh s Count(s) ehiE (%] enpF iz » #7328 4 e n-gram 52 73 B G
B R g Ar s ek SR A (4.3) 58 973 B A e I f smoothing s 1E [11]

i 73 dn-gram % 5 3320 S LAF ens 3t - A L ¢ smoothing ;4T
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Pw, W, s W, )

a(w,

s W) POW AW seow ) Count(W,_, ..., ;) =0
Count(w,_, sy W,
=<d,. (Wicpirss ) :1< Count(w,_,,, ...
Count(W, . s-cs W)
Count(W,_,,1s-.s W)
Count(W,_,,s-sW,_;)
P aw,,, -
g7 B )

: Count(w,

s W) >k
g 70 iR

X

s W) %7 5 back-off fhde o+ g

n-gram 4% 3 7 #
wel

SHE O Rl B (n—1)-gram 4% 5 > £ 3k + back-off ik >
¢ 538 normalization - £ H & & :
5 PO =Wy ) =1

R VEHABFONNR I oRET - BREF I EH alw_, .,

“ W

i—l)
@ B> Count(s) £N1E {3 [P #73g Avin n-gram 4% 5 7 Hrg ek’ 42 > 342 2
Good-Turning discounting #73*+ & !

7
z

(4.5)
A § e A ) 2 EOER P B R n-gram 8 5k b - B kR
4.2

P23 7R (Unseen Event) sfin-gram 5 @& * o

/] *+ 1 enie d, (Discount Coefficient Factor )
(1] 723 S5 g% (A 20 B0 PR (o0 ) o 3 ok cipt 5 4 35

)

=

- BRI aED R > 2 Y - 4TS { £372 (Lexicon)
FEEH oL Y hp AR ESERL R Y N NI i BB R
o
& g

Al

P e R e R ek o) 0 AP R 4 R
2P b LMPER* o
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421 HEEPL gud
rﬂméi@ﬁﬂﬁﬂﬁtﬁﬁﬁif%égyé Bl Y oor & SR

T FRERPL o B R D MG Pl RRE G Z B AR A RN R

RS A FFIRREP TGRS DAL 0 PoZ F R TS - Bt

i gna o H ¢ K3t

Lo et i mFEERME EE AR U E

—=\
!

D BTG RINE A B SRR NP L Y o BNPL A R T
rggd g ¢ 7 5 (Inclusion Rate) i3> - if £41% 5 5% F <07 < #7139

B %

=

®[12] 0 kgt - F SR Pl Horde o F PR FERR > A 2 FEH
S sk E3eiE (Sinorama) ~ ® 2 Tk 2 -5 PI3EE (NACSIS Test Collections
ForIR > NTCIR) 12 % ¢ F oL =% 4L & (Sinica Corpus )’ &= B F ‘}'E“f A
FRPLPERY o8 BFL M2 2 el VR FA KR
MRETRPLIFTED P NRnt g F P o REIRER CRE
R Rame oy FLRT REEIFE KA E @ % e o FHL L E T

AL Fl40T 47
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Langmage Model
Trairng Data
[HTCIE Guanghoa, Simea)

BREEE1FIETEE l
i 126,627

¥
=
.11
£

B2

<eifanmre Dby

LM Doatabass
Preparation

Lanmaze Model ¥

Lexcon fior

il
e

Ehpin
S mri E R,
495

/ﬁ@\_

AR b

Ble -1 8 aJdZiE % 42> SR

LR S Y BB S L) gk L

S
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# ",% 1L 3 ¢ % 5 OOV (Out of Vocabulary ) » #7140 3% - F 30384 e i 3

PR 5T EAL OOV R AL » & #2390 eh- FpgRiER g G ¢ oo dopt - K

TR E PN TS RN ERBEPEE > A 7 €S OO0V el

STILA PR IMETR R R Y F - 8 S A - FRTE R F 5

5% FEPL Y - FEeRp o U 2 38 5300 and Pl e dp A R

BREH > REBFLAOTFTERRDL )T sgF Egcne 75 o
Frd v SR IR AR R L R 2

e T BT T A kL ¢ S PR PR L e 7R

8 99.6% > PTI I BE (S kR TE S F e
g B 38 — =k 48 Inclusion Fate
=100 — . .
=
()
=
]
o
= &l
fl
4|:| 1 1 1 1
5000 25,000 45,000 a5 000 a5.000 10%.000
3o A

Ble-2 34 & 5%

A EEE T ROE R 0 59787 BT IEL KT RE 23T CUPTF L o A

W2 T E L 222(F /@) R ARE A BT AT B4oT rT

fw-l 2 F@@WE L 6 A

e
=]
bt
f—

2 3 4 5 6 7 8

B A (16.35%)56.92%|15.74%| 9.84% | 0.38% | 0.21% | 0.05% | 0.04%
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™ vigE s Koo AT (EL R 59,789 ) Py £2.22)
iﬁ,l]l]l]
30,000
20,000
10,000
1]
| 7 3 4 5 6 7 Bk

B oAl P A EE el

Glae T4 7 | i3- Bz F3

422 4o R EHRFHATE

Fla i RERFFPL AR D FTRENFHLI>FFR P p 3 E

ETTS

FEFUEFES Y A€ NmarEe B s particle 8 R4 o doptE 2 0 kg

Ny

THAIY QA g 77 @M R D n-gram 5 0 G 0 R aRE S AR
AEARTR HATR A R AP g R EATE Y B DRs A R
et ek Bfe particle 0 4e > TP ¢ 0 #F A (S L {1 MATBN egple 3 > &2

~

13 F A ngram 8 5 iF 5 B0 0 B RS B AeREoTi o
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43 #F7HIAEEAR

2
EXY

DE AN 2 R DR - B E PR A N BT D
FooEAl o AT EE T A od s > fL2 5 T General LM |- § general LM
BRSSO AT RFTEAPOE RBRTRBATREFERN RS BF I F
7 #4013 i (Language Model Adaptation) 17 ;% » 4% MATBN eE 42 i 3e

v FPNER I b - B 3] (Language Model For Adaptation ) » 7 gt 24

o e RIREE AL 2 h W MATBN 2382 3 3l degt i = agf 3 #0317 e R

=

HAD ¢ particle frof % Binn-gram 8% 0 @ 2 L 5 P EF L R ARATE AT
Sl SR s AU AT L b b 0 B2 - BB 15 A Y

( Adapted Language Model ) fic & 2. w3 = cn B8 A & B g * o

43.1 Bigram %3 #-3 s
o iy ER
B2 - R anE T HAREIE s R VAR R

FAESYFTHE o AP RED general LM % 3 FHAERE G =
B A w4 EaeT o

B LR ERE HR G R - e § 0 KR TRE S PR
& 1976 & ¥ 2000 £ 2. F¥ ; H % & NTCIR £- B> Fith 2 & ks
MR LN Fd BT R F AR RS LY R
BoE-fd S ERER P e G BN ET AT R R ST

FLE o % 2 5 E Tehr FEwL 0 2 HEE BEREEY ¢ v 0 BEne
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% v -2 General LM 3" 303 4L se3t

2 R 2R ¥ (Word) % # (Character)
k EReLE 9,870,430 16,406,485
NTCIR 124,442,861 206,847,107
TR 4,796,163 7,972,113
&3 139,109,455 231,225,705

R RAIA L AR
B SR 3R AP A § 0 Rk
i gw gl (43) e s (4.4) ;%40 smoothing = % > 348 JiE =

LM #7% &7 n-gram #5 > &b 2 7 & T ke g g o AP A u R

unigram ~ bigram fv trigrami 5 o BEEAFE| ML b ¢ B Z M- IME 2 A 0 (e

FRMGES A e RS N e RS R Y o Rl LM E S

word-net 735 3% > H ’F R R 2

Bt enp e FsE 2 bigram Fo A At p @ R @ * 3 unigram 14 %

bigram % 5 o FREE 2 HoAlE 2 AR T 24

T AR
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Training data

(NTCIR, Sinica,
Sinorama)

I

Language Model
Training

J60K lexicon

v
<= ==

¥

Converting back-ott
bigram -= lattice

Cnly Unigzram and Bigram were used

R

Ble -4 Bigram %3 B2 = n A2 R

432 #3EAEAE
* NuvITH

boat gk i 2 hiE 2 RO ¢

3\
bl
&
ﬁn
—h
s

3

CEFHO B
(General )> 7B ¢ 5 2 FFE v F RH i BR* AR Fa g 2F 3
WA Errenid 8o 2T EF I HACHLBIRFITR IR Ay
% F 33 (LM Adaptation) e % [13] f1* B4l ¥ ohaz =
- AR aEE D A 0 £ % X general LM i& {7 i i (Refinement)
B 0T R E ST WA S TR A e AR T T e Y T
F 2 ¢k e s AP K- 2 R ehparticle £ e 75— B class £ FIIH 0 ¥ b s $t
L B DR e B ts 0 P i 35 MATBN #7300 18 70 % #ic B 503220 T 4 0
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%2 -3 MATBN 3 i 754 gt

MATBN ~ 5 o | @ = 3@fic | 7 < F8c | Particle R ez B

¥ 1,309,020, 2,249,724 23,314 90,052

Ik

V‘,m \:% .E - ﬁg_
PR B AR Y HT IR B S Arag 2 e R 10— B trigram 0]+

j\’% »E TS R 4o e o

W, [, Wi L)=AL,, (W (W, W)+ (=D (W, [ W, w,,) (4.5)

adap gen

¢ 0 P, RV 83F T BEA Y htrigram B #4850 P AR A general LM

a e en
¢ trigram 5 @ Py & MATBN 1R GEHL #7205 ) 69 LM €99 trigram
W ¥k AR & or el i - & (Adaptation Weight ) » H #ci® /3% 0
E'Jl—iﬁ—ﬁ&’ﬁ&fﬁﬁjj\"‘glliifgz‘,%_i?_} 150 m A o

M A augEH o p mﬁ%—&'\‘# HEVA cn LM Rl (7 FEREE A 5V R

gty 0 @ LM endd 3k B ¥ 11 * perplexity (PP) K& > 2 & 40T
; ~ 1
pP =27 H:——logzP(wl,wz,...,wm) (4.6)
m

PN E - B3+ (Sentence) 22 Fxd m BTl ahb]S > B ¥ T
# BRI BT E > % (Entropy » H) > 53 7 ergodic ik £ 5§
Fenit i oo Bfd o (4.6) NKRE H RATI o 9700 > Bt B RTT S FER
P2 RIRRFRER ¥ F fé-i?»ﬁ?])‘ F RPREAARARHEEEAGRE

e93F 3 Al 2 perplexity 0 i ¥ 24 ik g5 17 | e perplexity * o] KiEF A o

B R doT A
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pearplexity v, LVl adapt weight

n
[y
i

p%‘rplexﬁy
=
L=

440
400
240
00
2a0

200

1 0= 0.4 0.7 0.5 0.4 0.4 0.3 nz2 0.1
weaighit

Ble-5 7 ki €235 #3] perplexity

d P BP B A5 0.3 perplexity & & 3t 251.9 /] 0 AT

B 5030 @ i e ARheT

Weight=0.3
Language Model | MATBN
i training data
Adaptation Weight=0.7 4

Rz -6 %3 #3942 H
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4.3.3 Trigram 3# 3 #3] enig

Wl A

FakiEfeY > APt E 7 unigram ~ bigram v trigram i 4 % > @ #]

N

3B FER K AL * o word-net ¥ v 49 0 * I| unigram £ bigram 3

ke
=
o
=
N
o4y
my
L
)
W
U" r
,;m\

ﬁ&-trlgram L’I‘JF FJL;, de N f'] wev,e,\‘ % AW m;%,; ﬁ,:

E
8
o
&
=
[y
W
%
e
P
&
e
¥
i
ok
A
=y

e PTILER T — FBRIU 2 Y trigram e

<

Z 0 F A% bigram LM 2. word-net fie & ¥ #0358 7y 0 R iEARY 2

PN EE- BE %

m H_h=# B state 2% 9% N B token (N-best) > &
2 Top-N lattice & 2 ¥ 1€ ¢ & 4 (% % mfdF e S ene & &8 & 1

* trigram 3% 5 BOA Y

Testing Speech

Feature Extraction @

Acoustic
‘ Model
ki
lg—
“-v..,_‘_‘_‘_-_._._'_._,.-""
Recognizer <:::>
e . Adapted
| Bigram
| Language
Model
‘-x.._‘_‘___‘_-_._'_'_'_..—-"
X <>
= > e
N-best Lattices |« TRt
Language
Model
"""‘--...___‘_"_____,..--"""
“-\.\_\_\_‘___-_._.__,_—-"'
P
Result
""-n.._‘___‘_‘_-_-_._._._._,.n-"'

Blw -7 Trigram 3% 3 #-3]@ * 2 3\ 42 B
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State 2. token #coiE &

State & %% ¢ token #onEH P &> T F F

DESS Sty N o

=

5 %

Fé:‘ I«},_m—-'-,é,\i — > ¥

=]

+ token g B A7 o el AR

98 7ARE ARG OFERT A

% trigram LM &7 > 2 F

FH token e R

Y

Py

w945 I —

thle

P MR F O GIRE R e By

W

L

B A% | A o
#(

AT

B
e

/g\

» I BLZATIE % o0 token

BT ARG IFRESF SR IR o = A3 & token #cK & 10
ﬁmﬁ'—-;\z—r sl __ﬂ "r;f,;J%gg & g _3 '
g AnchorifsalidEdbword-level Top Ni& %
Q%
vl
2 1'% £ L3
20T /e/"/*/
G5% /
g5% /
a7 /
86% 1 1 1 1 1
1 100 200 300 400 halaln] M
Bz -8 P A3 10-best @54 7 ¥
# ReporteriftaiiZiE#yordlevel Top N &%
o P P
irH
a7 = & *
S5T /’//
ga% /
gl1% /
9% /
}r}r% 1 1 1 1 1
1 100 200 300 400 a00 M
Bz -9 HFiey 10-best iyHa e 7 &
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Interviewes it 5 AR ERword-level Top NEE F
5% —¢

S35 /
a1% /
458

475 ‘[

g &

A5% : : - - -
1 100 200 300 400 500 M
Bz -10 %fﬁ'ﬁ 10-best @ §53s e 7 &
d ozt SERBA Y T oLg e S fERB LW SIDF R InFA) 0 g

token 3k T 5 10 #E S % e S #cFE S00FF » if ¢ S/ ET - RKF /] ek

e 7 A & trigram LM kg e *, o

N
~
o
a.e“
3]
oy
44§

¥l

YR o Rt Y % h R R R HRATE B > 3 R eI AT )

ﬁm

( Transcription) 328 G d e f 2 HAeFHUZ S 3TR &P > FRFHS P N FiE
Fikie > @ AR 32 F R OF iR R EerT 2 F k& (Word-level ) v e 8 3

PR K B 2 ngRY > QR ¥ T & k& % (Syllable-level ) it £x ¥ % 4 ar 4t
BEERAEFDMO Ft o 2w R Y hy SR s R RET BT D

RE LG N RIRBEF RO Y 7 E ot o A BRI AL F s AR

4\.

ik A P R o e » B F O RER kY o

BT S 0w

441 B3 F PR
FRGRL DO RENE BReh FMET AEF L FLER

B AT B g Rt I § TR PGE R R A E 3 % HMM 310 R
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PRie o R g h R A £ 3 %

411

FEinEE 4

E oLy
FHRA R R EVRD AR R DS LA A SR ¥ b AFEEE

R ER T EEEE B R E R R SR

[14] > fpt Pod HenB oo BlG o g f i ey 2y @ 8k #rru g

H¥

f’\ be__ °
LR TS E R R RE S SRR R A R

B N Ed A 2R

.‘n\y
=
O
\\_
ﬂ}
e
F_*
o4
Fred
g
(g
=
A
k)
f\*
!
N
[
ey

FE TRV A R AW AE 2 apER L AT &V 8RR a0 A7
AT T R RGFALE T re-alignment 0 T HAF F 7 BB p BER

P AR o det - R T UEN A YGER S S ks mE R T

P i E LAY T M VISGER € § P BEA R BE
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w4 F B FEVRGERE

i i Anchor Reporter |Interviewee

%, sub-syllable # £ 353,682 213,820 208,550
T % e sub-syllable # & 2,926 2,082 2.396

db A TER S 2 BE L RA

e3¢ R S PRI 4 sub-syllable #cE p A

FEERT U nie- 4

WU g

5 f}lj%irr?fSJ\r—E, J\rf«?

%2t ¢

S Bk

EF RE:TE:

"i"\‘r”%p

s » ¥t sub-syllable

o 2y T
|2 F

T % 1 sub-syllable & # &7 -

INECHE S T E =T ST

H %} & 5 sub-syllable

A - o et g R BFRS AR BT B AR
EAE R

FIPh 0 T B R AR Ekls Ak xR HHMM iRl A2
PR 8 B RG FE BRI BF T PR )2 HRiEE o
L FEE R AP P Rl W Bengg SEk S BA P T RT ke &
FRa e %l it o
TR FEH

ERCECE L= R I SV JE RN s o7 O S 1] DA 4 I - P 1P
NRERPBF F YT AN RFEAF FEL PRy 5 B A
& B F LU O MATBN » 3 FlP el =i o 2 5 84 ' RE

2

e BT Papt R

SRR F EAEE TG ARG

127 BIRE R - FEE 3 A

(Perplexity ) >
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Zow -5 FEmkpE e o~ gk 3

MATBN * ## & - 337 p3 3

”,\fl\f—?\fé',\j;\?f{\‘fp\ﬁ‘)\_g\g“\v}’l{\é};\%ji\

RN I INESNE S R A% R -

i
SEECEE SRR R DT = ER A S T Y
B enB 0 o A4 ¥ BigS AR LEER S Ak enib B T AL

SRE-Belassy TR EBEFF A R Belassp g 37 (R

-~

P, (w, |w,_, =big5,)=P(wilw,_, = big5 XL (big5, pinyin|bigs)) (4.7)

B¢ P(w |, =big5) ¥ 5 MaAEE 7 A L S

e ¢ m

P(big5, _ pinyin|big5,) I ¥ rijEMREEHR ¥ A3t 8 5] o # (4.7) Btz
o AR OB RP R G AR e

log(P,,ew(Wi W = bigs_/))

(4.8)
= log(P(wi lw_, = bigSj)) + log(P(bigSj _ pinyin | bigSJ.))

-

ST i Al i word-net RJEE 0 3T EF] (4.8) a8 A

& B 51 ~ sub-network 1% /% » & > 4 multi-level s word-net> » ﬁ.%x‘?\word-net

miB& 7 F ol dwordnet o T B AP RS BIEA MEA T AT
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by = 4+ log(Plbig5 _ piryin| big5, )

[#ese

#RE log(Phigs_pinyin | big5,))
AL Fa ||

— FH] ]
#axg |loglPhigs _ pupny |bigs, )
=1 Any words
Oither wotds B
ﬂ%ﬁ% £.'*:!e'w =‘£

Blz-11 B4 5 % word-net 2_ & % F g2 > ;¢

45 R E- —terF T WA IR
AR SR EEFHANS R 2w R R RETE 2 BRI
A (M ELh s e 2 L )0 AaR T OREEF RS {03517 Ak o Aot
P RED B 3 s i 8
F#/TOROF K 0 B WFRF 2w #riE = s bigram LM -~ adapted bigram LM
{r adapted trigram LM = 48 7 Fe &g 5 fcq)o e & B8 WA (7 yeas o AR
7 4e - Viterbi search 12 #% 2! i & O "f;'“”ﬁ i¢ * beam search °
Foobo FlaBEHA R * > LS5l A A% L H 3 &
(Syllable ) » @ 48 B ¢ ﬁig,l iz (Word) 5 H eyt » Tt AP iw
NP ERAFERF R EMABRF > LR ERF O EHEIF A
(Character) » © {753 Ay F gty « 279 F Fypmdv s ko da g
2 #.R] (Free Grammar ) PF#7{8 3| ehggad 2 & ot 0 LR LM 2%t o
CRATOE A PR RCA 2 0 B e 2 T HAIR B FIRRP TR
AR R (ALY R ESERA S B g RS FE G AL R T
e R ERBT - BFT A s gt £ (LM Weight ) > 124355 5 034 & 18 5%
BEEF NP ERR > KB AT K PEF IR At trigram LM B?*‘“f 3

AfprveE s 12U ES A ]"’K{ WwF g G 91—1’15—*»:19:? fOBF SRR o
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451 & * Bigram LM
AR H < 2 F T ¢ general bigram LM fiz & B8 -4 k& (7
PRk Z B ARET o By kT 4

# 2 -6 Outside B|3E:F # word F#: 5

E5 5 Sub Del Ins Accuracy
> e 18.56% 3.09% 3.46% 74.89%
i 26.06% 3.61% 4.33% 66.01%

X3k 46.50%) 8.30% 7.01% 38.19%
% 2 -7  Outside REEZE ¥ character 5 &

B Sub Del Ins Accuracy
[>T 12.72% 2.97% 0.25% 84.06%
R 19.68% 2.58% 0.35% 77.39%

XA 38.81% 8.20% 2.34% 49.35%
# w -8 Outside /P|:# 3% # syllable %3 5

B Sub Del Ins Accuracy
> e 7.44% 2.99% 0.27% 89.30%
¢k f%‘%r’fjﬁ" 12.37% 2.60% 0.37% 84.66%

XK 29.38% 8.25% 2.39% 59.98%
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45.2

2T kB ¢ o4 guE S B A

I G4 L A
His FE

1Y FFAE S A L RAT R AT B W AT S 0T

Yo PRy -

# * Adapted Bigram LM

SiEf1* MATBN 2 3 3L

% = -9 Outside P|3E3F 4L word 3538 F
5 Sub Del Ins Accuracy
> e 9.85% 3.14% 1.31% 85.70%)
¢k f%‘?t’:‘ﬁ 17.46% 4.84% 1.81% 75.89%
X3 ‘F}]‘ 36.39% 11.94% 3.63% 48.04%

# 2 -10 Outside 7Rl 3% # character 743+ ¢

E5 25 Sub Del Ins Accuracy
L2 R T 6.64% 2.62% 0.15% 90.59%
L 7 13.40% 2.74% 0.37% 83.49%
=3 —'F’T 30.88% 8.92% 1.91% 58.29%

# w -11  Outside P|:#3% 4 syllable 3¥3¢

B Sub Del Ins Accuracy
> R RE 4.78% 2.63% 0.16% 92.43%)
“h ii?%":'fqz 9.53% 2.72% 0.35% 87.41%
R —?i‘ 24.71%) 9.06% 2.05% 64.18%
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453 & * Adapted Trigram LM

Bt BT s 50 A sl trigram 0 3 0 1 * rescoring 77

* 3 3B (S ehtrigram 3 SRR 0 Aot At A A R R K Ao T £ AT !

# w -12  Outside B|:# 35 4L word F4a8 5

E5 5 Sub Del Ins Accuracy
L2 R 8.52% 2.99% 0.96% 87.53%
i };—g‘&—‘ﬁ 15.47% 4.22% 1.76% 78.56%
ey "ﬁ 34.81% 12.24% 3.40% 49.55%

# 2 -13  Outside #|3FFE # character 74zt 5

B Sub Del Ins Accuracy
[>T 5.51% 2:48% 0.14% 91.86%
ok i%?v”:'fﬁ 12.04% 2.55% 0.30% 85.11%

e "ﬁ 30.04% 8.91% 1.86% 59.18%
% v -14  Outside P|:E3E AL syllable % &

B Sub Del Ins Accuracy
> TS 4.27% 2.50% 0.15% 93.08%
¢k i%—gz:—%‘ 8.63% 2.55% 0.30% 88.52%

X2 'fﬁ 24.24% 9.09% 2.04% 64.63%
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454 BEA

=

2 5 A5 —
ESPLE S

e

(Syllable ) F4as 3 s> T 4

Zw-15 LA 2y &FER SOt R
Adapted Adapted
T:%'fq" B | A FER LA Bigram LM
Bigram LM | Trigram LM
2 R 77.76% 89.30% 92.43% 93.08%
it ii‘éfs—'ﬁ 68.40% 84.66% 87.41% 88.52%
=3 "Fﬁ‘ 42.32% 59.98%) 64.18%) 64.63%)
g S BT
£100E
Q —
2 — O smud
B0 B4
on | 1 | EBigrom Li
40% — | OAdapted
Bigrarm Livi
2% 5 B OAdapted
Trigrarm Livi
0% : '
G o4 B % o A
Ble-12 72 FiF 2T F &Feagot )@
> A EY TR D AFRRARY e BT AL B ZBFFRET O
f?:i:;wﬁ Atg R o T E T - E TR S g Ba R

LS B D 0 RIT A2 Lk SRR R 6 PR D

Fint 5 -
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%ﬁd R Y PRRSF B R OV IR R DA B F T A R A FER

S SLF] R * bigram 3 3 WA FER S aha K R 1% 0 (2 4_bigram {r trigram
FF'F’* ]L *J&‘k?ﬁ'ld’&'&glj?k# *ll'hp:; F lé \:'\:' ﬁi‘l

#r b L Aer {5l R o 4 EiE PR E gLy < by R g e

Wi\

S 1 R i

o
=k
v
72!\ “
p:l \:
Al
g
¥
ey
NS

%2 -16 3z (Word) 3 vt i

%5 A PEAH | e S
Bigram LM 74.89% 66.01% 38.19%
Adapted Bigram LM 85:70% 75.89% 48.04%

d P& VHER - ARE TAanFRETEEI AR G AR ageL
Hoe X U p i oy s AR &P & (error reduction rate 3 £
43%) > B d WA REBEE P LRI P 2P 0 FPLSERF 2 18

5 11 error reduction rate » fr JZ 5 ¢k ii?é"cﬁ e error reduction rate ~
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46 BB —F A

m\&

t¥"€§~$

c!'\r

tpt > B oW e word-net 2 = 2 v E23E = bigram 3 3 B PR (R AR
Ak R FEF D EAE R 0 57 i€ 4 » sub-network 13 (FE LR A
EAN T N e e A ST ,T*u{ﬁ&-d 1= * general LM p¥ i¢
* e 7 FHEFeh+ € bigram PR MR- enZoi 4o Bl e NIRA R

b 5 bigram £ & £ zka.%%afi SRR BRI T < s SR A p el i A ¢

FRF e LHAERETT U RFEHT W B T T R

Wy

T E R E A 0 S | A » B F 0 sub-network 0 i T I e L F

i3 I {8 bigram 3% 3 A o

» 7 i syllable-level Bl3#:F 4 cht f 8 % > Bl ¢ Fl15 7
WEHED frw G TR oo BB B RPE D 4 Viterbi search 143t A g

B > $%7% & * beam search

ft v R PEZ TR B Y R 3 R L
FHALFFHEL T BB BPEs WA e R T (BB FRALF T

AP Era wF T Ak 0 R EL 9) A #-w 12 1F 1) word ~ character 11 %

syllable = f67 I & S cnyishib & o Z 67 b H BB 0 E B SRR & 5

4T L
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# w -17 Outside B33+ word F#:8 5

FER S
E5 5 Sub Del Ins Accuracy
L2 R 9.44% 3.09% 1.18% 86.29%
i };—g‘&—‘ﬁ 17.72% 4.76% 1.93% 75.59%
= ?”"E 37.26% 11.33% 3.57% 47.84%

% w -18 Outside P|3#3E L character F¥3% &

a3
B Sub Del Ins Accuracy
> R 6.28% 2.52% 0.17% 91.04%)
“h };;ga-fg 13.61% 2.71% 0.30% 83.37%
e %‘*‘ﬁ 31.49% 8.71% 1.82% 57.99%

Z 2 -19  Qutside7plzf#%4" syllable 73 5

& B Sub Del Ins Accuracy
L2 R 3.67% 2.53% 0.18% 93.62%)
i f%‘?’jiﬁ" 8.29% 2.71% 0.30% 88.70%
=3 'fﬁ 24.21%) 8.93% 2.04% 64.82%

t%w @ * adapted bigram F 3 AL G F R F EFATE I R S RB A
o FHF M EER {BR% -
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Adapted Bigram L

100%
D
T 0%
%
S &0%
S 40%
&
9 20%
o
0%
syllalle character iy ord
O without MP P2 43% P0.559 B5.70%
B wyith PP £3.62% 21.04% 846.27%
Ble-13 4vrphg 3o fd P FAFFRddot m
oo Adapted Bigram L
e
= B0%
w
5 60%
S 40%
s}
0
& 20%
0%
syllable character i
O withiout WP 87.41% 53.4%% 75.85%
M ith AP 55.70% 53.37% 75.59%

Blw 14 der b 39 1 0hge & PR3 1)
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Adapted Bigram L
2z 0%
8]
%
c
2 40%
'z
o
g
D 0%
w
0F
gyllcble character W o
Owithout BAP &4.18% 55.27% 43.04%
B itk (AP &4.82% 57 7% 47 .34%

Blm-15 4er2bd 39 (5% 32 % 500 )

2
|

5%

oy

=3

(\x.

B =R PP S EEE R A s TR F
&
f

EaRE =R S B2 Sl QERE é‘c%—,’i’ % 3% F 2465k 3 2 error reduction rate 4 %

. ‘ | A i
5 157% 2 102%2 1.8%) 2 se A F 24 30pk 3 3 ande » 5 557 PIGE R

ol AL e0d M 3§ Pk s a0 S r i 5 5 3 U HMM 03] p

B 3Rt a5 4o 220 BB R T -
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s
e
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oy
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W
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X
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TABRE S SR S S o L H s g g S e
FELEFRR AP m AEEES AR T 2233 Al gAY 0 - &
I 7 #-4E 2k 55 (Punctuation Mark » PM) 7| ~ % g » L33 04l 7 RiZdci@ ¥
FHBEPEL? U LR AT E gy 702 {8 KA L 0 @8 ike (Partof
Speech * POS) > H F » i g3 % hY 2RI E /G 2132 2 ¥ o > @
p (Intra-word ) fe3@ @ (Inter-word) #7313 fesi1pause ~ ™ % 3# [ e pause £_F

¥R I PMo fdept & 8 #74E 2 chpause duration Ho3] 2 {6 84 2. T > 3T word-level

P % % o word boundary 2| $7iEHE b 0 N FALIY G AT RIES o

51 HEFoRFa sy

BREEl B IR FRFLET LR 2L (PR FF L &
BLIGELIR W ehT o T AT B ARG chrt i o PRB R R AR BL A Bt i BT
A AR BE - BT A e e

PRt iPM A LA TV R A SRS S 5E o B YR
g d REL S BATEL S A B AEEL SIBLE 4 B0 @ ZRELRT G B EL - AL
PELS B EL AL RELE BLELE S f o en Y 2 U BEELRIRE f pE ik g
BE 2 RPN G RSP B Y N TR S T ET R
P2 RPN ML O o A oA B AR W BEL D % o

B ARG MATBN % 2 fhis p 7 0 f1* %2 3972 2 b F 30 L 4750
MHiB 18 P iR s F Y R AriRie hEh B R 0 o T T

> B3P 1,309,020
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> i3 ¥l 2,249,724

> A EBREEL#EC 178,267

d b st R I PM Sk at B E A B 0 H BB g b A Ecen
13.6% » #7121 4e » PM 0 > fEf 5 ¢ R RS TR

BE¥FFLRBRART LSS OE o B R R AL Y 2o AR

@R B A 2 A B R AeT A

MATBN ’ > 0 : ; ? '
#HE 124,520, 4318 465320 56 79 2,950 24
A EZ3 | COM DOT OTH
3 124,520 | 4,318 49,429

52 4 » {R-BL# %~ POS v pause duration 7 3t 2 # 18

= L1 TEpE "‘f 1o B4 % #c (Acoustic Feature) 2 ¢+ » » ¢ pF

’l' £

ﬂ*t

#4E- B 13 5527 pause duration feature 7| » 4 jg 0 PN F 4T [15 16] :

P(X, X,, W, P, POS)
=P(X, X,| W, P, POS)xP(W, P, POS)
=P(X| W, P, POS)xP(X,| W, P, POS)xP(W, P, POS)  (5.1)
=P(X| W, P)xP(X,| W, P)xP(W, P, POS)
=P(X| W, P)xP(X,| W, P)xP(W, P)xP(POS| W, P)

He Wik &3~ X5 85 S8 POSE 905 » @ PEX R A W] & &R 8L5 51

% pause duration » I F Bk B S¥c{o@sE & M 0 @ pause duration P ¥ 22 3P 4E &
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B o - (5.1) Bo¥tdicz 15 > Ap 3R chBd TR e 5 4R 4

logP(X, X,, W, P, POS)=logP(X | W, P)+logP(X,| W, P)

5.2
+log P(W, P)+log P(POS| W, P) (52)

FE TR IR SRR (R — R oked w4 Bk e e
% %] % acoustic model 4 #c ~ pause duration model 4 #c ~ & 7 PM<hlanguage model
> #c{rPOS modelea $ic o & %2 fA 4 Bl B2~ 4 g > LA Bl N A T 5%
WALEPEFORELS BR (LR BERY- B s - B s AP F

PN BWEZFWE R G - AP 2 BTt ficke T BlEET

SCVRIWL=1=)
D ON_FM) + LOWEWT) + | P05 (VE[W1=2+)

(PI_DOT) + LiFM_DOTW) LIV2FM_DOT) A
) W ‘R:@ﬁva\ ﬂ;ﬁ)
FOS (FM_DOT[Wl=2=)
@ Ly Trdra) @ 1 D(Irdra)‘@ D(Irdraj__ »
= (PM L0M) + LEM_COMPL) LIVZEM COM
Ch[W=1=] W
FOS(FM_CO) PM o -

T Beb]F ¢ > WHe S & Bl & 7 (Word) fv5 & (Syllable)» ¥ #F A(+) ~
D(+)~L(+)~POS(+ )~ % 5 acoustic ~ pause duration ~ language ~ POS model
AS - SEL PRS-l WA s VA - 320 f 7 AM & #ez bR Y ¢h4e » T intra-word pause
DM A& #com Jo &5 W1 250 W2 el — i@t 4272 P 5] 5 PM & POS it » @ 3 4
EARAT R T IRV FRRZEZEE PR EAT G IREPET AR

% = d inter-word pause DM 4 #cfie & e » 7 PM e75F 3 #03] 2 LM 4 #cfr POS
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A A Bk R AT e

53 {E7350 ~ 3#3F e pause duration #-3] # * i§ A2

feb 1l B HTK chig * » 20 FRU T 2 8 AR e fHY Se 32237
TRl e e Fig e R A ¢ PM enF A E L F hiRT o 2N § PM e
TR0 0 23 POS B ey o B F a2 — B 4p % >t class-based 3%

THAlpe s > §F b BT RN MATBN 3F48 ¢ chipause & B &~ i 0 2 2 3

& B A7 H 354 ¢ pause duration HEA| % B35 5 DM A HcpF g ¥ o Bois Pl L&
37— B I FEeorescoring AR 0 @ F R AT M E M E T AR AFRRESZ Y o

531 ¢ 5 HRELEE T T dut >

o BAeE 2 AR B R F P i AR S R v ARdp ke o 5 A
7 I8

A-
Ik

e F ORI - @R A e IR LT 5 103 (General Language

Model)» gt & * ¢h% F 7L RimF EEFE NTCIR 2 2 ¢ T el

=
N
)

Fr 2w E Leh J L SR 0TI B 2 F P T - e £ g
=T ko 20 R WAl S v Rl & R ARATE R EE L Sehi o )
* MATBN s 3P % (9- FZ 2 BF)VRY - BRERBATERAR
et dE T A AL RS BRAl R L e e b A - BARELTRES
#-7] (Adapted Language Model ) » & # 3¢ 5 word-net 2. {8 #& I EFFRE & * o
fri F ke e E_ s —AH K2R RiE S HoA) 2L g n-gram & —_g?_ , —j‘;lsg
M PM G iRy %R 2 2 3 (Sentence ) 0 I 3T EF & 4r 3L sentence-boundary
( Sentence-start ¥7 Sentence-end ) ke » 1P 2 H Hi (T - b ol T AL
el FH b rE s e LM P R PM i S g e g PG Ar B4
TEFEFTONSME PM BHARL 2 F T LA §§ sk (PM_COM -

PM DOT ~ PM OTH) - it #_» % ¥ &_#- sentence-end # 17 PM AR 5 % F 4c 11 i%
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Foom v e F L H R EFED AR Aot - R R n-gram 85
WA > #75 (O PM ‘FK #-F_%E ¥ sentence-end m 3 fr 0 PRAFEEL K ALE L KT
FEAD Y PREEEE S F R AR PM s % et R F &
FF 7 WAl 3 TRt s v - B — & (Paragraph) 5 H = [17] 0 & &8 k&
4v 31 sentence-boundary gz 0 @ B FEATE FE AL IR > ] 02 speaker-turn 5 H
e FET A B RE R Nehe § PM S A0 4 A 598 PM ke
B R e P S BT A m?/*’d?’?f“" °

Se g Y SRk LM g v %’gé %?J » = BL¥ F 9717 Bl e perplexity

w

KGR » #7000 gt Byl kA2 PREFR T F P FSLHEF T T T PM 2 1%
el B o R R AR R A A 855 5 BT perplexity 0 & % B IR

perplexity /KR 2 % 5 PM PFeh1255.0 T % 5 2492 > d gt ¥ B4 » PM (s F

39 4 E T HA ek oot e
532 F #F#3 K AN IUdE
O RSB
FET LB R S BE R R BT LR
~ %4 & H #4440 pause duration

Bdl o 5022y £ R HRATEF @ * h pause duration #-3] 0 F L #

MATBN ?"SE R %4 5 2 fAF R8> B R E 5 o3 855
speaking rate’ ® -’ % v Ao # Bl & o7 0 ¥ ¢ T A3 i syllable-boundary

™2 3P 0 word-boundary F pause i ffT ik F 0t B 0 A3t R ek T -2

N
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percent

spedking Rate
0T —Anchor
/\ —Reporter
40% 71 \ Intersiswes
- /// \
G% 1 L—'—— 1
o] 2 4 & & 10 sylfsec12

R o &

BI-2 =% —%‘ Tk 3 speaking rate

| = #83 & kB enT 353358 & (Speaking Rate) d -

Itk B E o iﬁ—éaiﬂ" (5.55 syl/sec )~ 32 45 (5.27 syl/sec ) &2 % 3 ﬁ (4.93

sylsec) » ¥ = 1P F amE A REE R LRI B A F BREA -

# 7 -2 MATBN 2" 5E B2 37 B pause 5 7

Inter-word
Environmenty MATBN Intra-word
PM COM | PM _OTH | PM_DOT | NON_PM
Total number 8,676 1,763 239 94,956 77,706
Anchor With pause 33.7% 39.5% 39.7% 10.3% 1.5%
Without pause 66.3% 60.5% 60.3% 89.7% 98.5%
Total number 5,309 629 373 59,011 44,414
Reporter | With pause 48.0% 60.1% 46.9% 7.8% 1.2%
Without pause 52.0% 39.9% 53.1% 92.2% 98.8%
Total number 5,611 277 211 58,609 42,386
Interviewee | With pause 60.2% 66.4% 49.3% 13.2% 2.0%
Without pause 39.8% 33.6% 50.7% 86.8% 98.0%

60



B EEC ek L iﬁ{}*}_ EZT X R B E P oiid o d 2 MATBN
B RABATE N B Rt g REARES 0 8 2 g R P T
PR R AR 2 ATAREE L ORI R A ket G2 B
TRAGRFE ABRR OIS TG A S B RLG RAa
Hridh PM BAgert Gl H 22 3w & F b foipfiple i 5 PM 3 A
s word-boundary § % # IR % 2 W HIEEGLF PM g et ir & B 3F S o
@ =46 PM 2. ¥ = 2 PM_OTH i&# SREBE S BHOPBTIER 0 B

$ > 3@ e syllable-boundary 3 2 i %3 g vt GIFRALY 0L o FF Kk p =
BEBEF LR 2 e BixF PM 5 & word-boundary 12 %2 3 p e
syllable-boundary ¥%4 # P* &5 | > ke y53F F T i T IoiE i R Pt o B
EA bl FARE DR E BB MG L2 E P F LR
FA Mg o LA A fAfRE P SLIREA C BRI F] SRR A
Bfd §oEd DRI e A AELIRETF S AR P e

PR R e ARER B R GIAP te E R R S g 2 o

Pause duration model & 2 ;4%

R pw gtz YAy 3 EF A 2 2 HMM A i
FoaR PGE AL E 72 2] 1 8 en AP j&_force alignment #71F I i & ¢ ¥ Y
# 3 & 4 pause duration H-7| #7F & pause & B 0 I kg2 T A Z OB 4
" % A & inter-word ¥ intra-word & < #f 0 @ inter-word R4 A F U A G
PM_COM + PM_DOT + PM_OTH 4 NON_PM = f&#5 4| » f& & B # I Fin T
2} 30> 2 pause duration & T K kRl F ko AP F 1% Gamma
distribution 2 ¥+ & fAfiiwz » F BB FIT N EHH = ARB L L L IERE

Gamma distribution 4 # 37 i1 d R 4T #5q ©
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percent(a)

percent(%)

Anchor

15 SO a0 OTH
| B o pauseRE 3% | B no pauseR05%
10 1
10
]
a a
a 200 400 GO0 a 200 400 GO0
i poT 10 nonF
| [ no pauseR0 3% | [ no pause:B3.7%
10 1 A
a a
3452 30726 a 200 400 GO0
15 [ntra-wor
| B no pause: 98.6%
1
0.5
a
a 200 400 BOO
pause duration(ms)
BT -3 g\ ¥ -dEpause duration 4~ % [
Reporter
10 COM 10 OTH
‘ Il no pause:52.0% ‘ Il no pause:39.9%
5 5
0 0
0 500 1000 0 500 1000
15 DOT nonPM
I ‘ [ no pause:53.1% 4 ‘ [ no pause:92.2%
10 ]
5 2
0 0 !
0 500 1000 0 500 1000
15 Intra-word
‘ I no pause: 98.8%
1
0.5
0

0 500 1000
pause duration(ms)

Bl7-4 ¢ ii%;‘?:—fg pause duration 4 % [§]
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Inteniewee
COM 10 OTH

8
6 ‘ Il no pause:39.8% ‘ Il no pause:33.6%
4 5
2
0 0 f m g
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
8 DOT 4 nonPM
S 6 ‘ [ no pause:50.7% ‘ ] no pause:86.8%
S ]
5 4 | 2
S
ol | I
0 I 0 mﬂm
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
1 Intra-word
‘ I no pause: 98.0%

0.5

0
0 500 1000 1500 2000 2500
pause duration(ms)

Bl7 -5 '3 § pause duration 4 % [

'7‘%” F e pause duration At EOE BT 1 41 3] e9 Gamma distribution
WA & BEERRST S BAFTEY WD - 2 iEk (g d) I B
S8 ¥ AT - K pause ek B 2 (8 12— bR E A B pause 0
% 1% pause duration #-7] e 5 22 DM & #ic (8 5 eiflm B ARt T & ¢
P ) 4ot if = = 7 pause duration #-73) euE 3 o
w0 iB- WHELBEATR F A 0T AR 2 pause duration ¥R EE FOFEH
BT ARBAP IS LR N BFERRE AL 0 BT BATH

Hh-d HHEEFETHFYE RN S8 (o)) FREET B2
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percent(%)

0.02

0.018

0.016 |

0.014

0.012

percent(%)

0.002 -

Anchor

o
o o
o o
s3] [=
e

0.006 - /ﬁ\

0.004 |,

—— COM: 1.5114 | 0.012157

—— OTH: 1.3185 | 0.010709
DOT: 2.247 | 0.027124
nonPM: 2.1098 | 0.036299

—— Intra-word: 2.1596 | 0.056074

0.02

300 400 500 600

pause duration(ms)

NG dEpause Gamma duration [§]

Reporter

700

0.018
0.016
0.014 {

0.012/ |

—— COM: 1.8726 | 0.0097248
—— OTH: 1.5594 | 0.0064839
DOT: 2.2099 | 0.019089

nonPM: 1.7657 | 0.023283
—— Intra-word: 2.6229 | 0.064678

600 800 1000

pause duration(ms)

S, 22 '?qz pause Gamma duration ]
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percent(%)

x 10 Intenviewee

8 T T
—— COM: 1.755 | 0.0050387
— OTH: 1.3535 | 0.0041068
7 %‘ DOT: 1.7389 | 0.0064841
‘\ nonPM: 1.2247 | 0.0058463
6 \ Intra-word: 1.2112 | 0.011225
50 .
|
o \H |
\‘
3 1
|
2 U g
\
1 \\ |
\\
0 | R ] | |
0 500 1000 1500 2000 2500

pause duration(ms)

B7-8: %3 —‘ﬁ pause Gamma duration ]

®  Pause duration model score 3%

L g

szt e % Bl A5 ¢ 3 I 0 pause duration 4 F ¥ 2 % Gamma

distribution 1T 17 > #% © ¢ #7* Gamma distribution [18] 5

i

f(x):—e x>0, a>0, >0 (5.3)
I'(a) = Gamma funciton :

F(a):rx“’le_"dx a>0 (5.4)

0

P S ¥ mean 12 variance froa B2 A 2 B A EF o T B 1R
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E[X]=a/A Var[X]=a/X’ (5.5)

* %] % Gamma distribution #7535 %_pause £ B * 3T F ehfh > o (K2

BRI T F 53593 pause BB L 0PIy 0 @ 2 ik AR R AR

gt & o AT g fs * k3t & pause duration model 4 Bors F o 4o

w ,d=0
fD(d)={(1_W)_f(d)’ 750 (5.6)

2N ow S R BHAY pause £ R GO ikt B o - (5.6) 2% a5

Bl (5 T LR T E SRR P L BRT S LR A

5.3.3 POS i3] et =
® POS model score 2> ;3 ¥
fopt 4t (5.2) 2349 POS model & et i i F irie— A wp 7]
LiEARY 4 B—#E PMAR S — 48 POS » #711 %& Bl W4 57 02 R EL 5L

THReLa Xz g o FR

W'=w"? =w' w', .. w'y (5.7)

R AR R S
POS = pos) = pos, pos, ... pOs,, (5.8)

2T k0 (5.2) 0¢ POS H-3 4 dit - H I FEARACT
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P(POS| W, P)=P(POS| W")

(posl|wl)lﬂ[P(pos|pos1 ,wl) (5.9)

i=2

(pos1 | w', )ﬁP(posi | pos, |, w'i)

i=2

Bt (5.9) BT o L FEE ATl I kR AR R 0 AP ERREE

P * & 48R (Stationary) B ¥ % B 7| G 2t b & hEEKE o

BEL Sy P(posi | pos, ,, W', ) AED S B

P(posi, pos, ,, w'i) B P(posl., pos, ,, w'[)

P(posl. | pos.,, w'l.) =

Plposew)  Plpos)P(w)
— P(pOSi, W'ilpOSi_l)
) P(W'i)
_ Bw's| nas [ pos, )P (posi| pos,.,)
P(w',)
(5.10)

_ P(W'i | posl.)P(posi | pOSi—l)

P(w'l.)

_ P(p0si| w'i)P(W'i)P(posi | pOSl._l)
P(posi)P(w'i)
P(posl.| w'l.)

P(pOSi) (pOSl | posz—l)

el b EE N (59) 58 B POSmodel 2. # %+ £ 7 A

N
P(POS| W, P)=P(pos, | w', H pos | V; )P(posi | pos_,)| (5.11)
| P(pos

K_(5.11) 2 wELE R 5 POS #3) +» #r3g & é’ﬁ?%&'fréi
class-based 3% % #A]#rac s F D eng &k FApR - A W E 2 POS 7 H ~ e

unigram ~ bigram 5 M2 F BIRT G 2 F - AInIEE 0 A T BT A
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POS 3% = #-3] et =

30 B P FPRREY I ERTEFRET § 2R R
BOoAY A N esF v R gk B RT G BN DR B ane
A EASLI T AN R E A e e § 05 e A
L33 A 4T % & o0 unigram e bigram 5 o R | ki * chikie

AT e o
e f TFERBRBEF MR R HATE NS - FaFE LRt E
oo B¢ AFF - 4 read speech #7iLF IR % o i4e o particle ~ ¢ R
¥ri 2 garbage > * Fli ¢ IR T gRERE ST £ ¢ 0 17 ¢ G iAo
RIS 0 A7) > 12300 0 unigram £ bigram # 5  F5d H s eh 50
F3] 5 fept > AP K- particle AR & = & 0@ e unigram £ bigram #% 5 B B
Wl ooty i o2 TIAE R * g0 et B Be garbage 1] b 2 e
Fab-ag R Aplk i iE X FIS ARATEEIRYE o K F e R B
LTS F A 0 ST S BRI BLE AR G - AR Y S F o %
T e Rt A6 EIAT 0 X F b Ao T b E ARl E 460 83 50 46 -
Fobo APRFEG S GRS P 0E - BRE R B
Flepg P @ e s A AR g R E Rl BT

S
PRTRIRE DB ARy = e P B B R R IR G R D

)

PAEEZ M T A P ITEES F A R B R ) AR AeT

~=\

V22 BighAh RS NS RS ¥ - AW ¥ AW v Ak ¥ A
A4C9A4D1_SHENGITIANIT 19 2 36 40 19 0

BII-9 apdkse2 a b 7o bl
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K Bl T IR T s H ¢ ehd I B Fd

AN
.
T
NS
IRy
=i

0 HI g 54 > g3 370G PR P — s

oA 2R R Y 2B 6 B

$t o V4 * zero-order interpolation €37 2 » B3 end A7 i Eg2 0

I = ﬁ:t‘FK4c_[' 1o MR s 5 0 9 & R AT o

%;;;F—E—ém}_’p\ g‘ S

5.3.4 Rescore = ;£ &7 548

® AR AR
EHTK A1 #os A0 g 3 el 5
S AFr ) (5.2) ¢ dhw IE A fk (T

fie & %9 917 trigamig 3 WA

£FtwOo-pass rescoring

RN i = a7 s
PR, 4 ﬁ‘&—ﬁ!\ B s ) g § s ard > B8 03 o 7 WA HTK

Fyeasm AR EF R TRV REF DS EHRELT - IR

é‘J’/?JFé‘F%‘}
Fo R gk e PMATE T

#-7] ~ inter-word ( * (w4 % PM_COM ~PM_DOT -
v

PM_OTHZNON PM) 4rintra-word pause durationfi-%] 14 2 POSH-A]

el oL
i @E\".fz‘—;% °

BdF - B
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Test Speech

Fealure Extraction

e E—

Acoustic Model
‘_-_-_-___-_-_._._.-

Recognizer =

Language Model
"
R ——

| Pause Duration
¥ Model
l—._-_-_-_-_._._.—-

- Language Maodel

M- Lattices [#* ;
. [ withpm |
e

— POS Model

R

Result

J

IS 'IVO, TWO;}E)‘aSS"i‘e§C0rc AR BB

State 2. token #coiE &

Bt s -8 B trigram 33 HCR| PEAR I A0RY AR ,Tﬁ{state A iR
token e iE 4% > L E P ehp Bk B EF w4 d B ostate B T AR D A%
¥ ertoken g 0 R v A A AT mﬁgj MNE R LY & T ARG AR RS

(e g A )e by PHY RIREFEH DAL — 0 IFLER oken HIOT R

TR YR RATERE 9 token BcE_F A f9 3k A5 gk X E 2 4

ETIRS

rescoring P¥ i * o = f85F F T & token #K 5 10 HfHRT SRR 7 ¥
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i 2% Anchorgig B # 8 fword-level Top NS %

£ "*f‘_‘_/_k_H—O
21% ’
0% /—v
a7 % /
&8 % /
a7 % /

i
B6% R T
1 100 200 300 400 AO0 00 FOO O S00 0 200 1000M
BT -11 P33 4% 10-best qoysase 3 &
- Reporterdis B & 3 4word level Top Ny sk %
40 90% |
&=

85% =2
o W
G4% /

g2%

B0% /
78% . . . . . . L . . . !
1 100 200 200 400 F00 400 TOO 800 %00 100

BT -12 *3gef 10-best 3% e 7 5

e Interiews a4 B8 B wordleve | Top Mk %
= AT
56 W
53% */,_,4/
A1%
429, /
47% /

45% 1 1 1 1 1 1 1 1 1 1 1
1 100 200 300 400 &00 g00  FOO 800 R00 1000M

BT -13 i’*’#?’f 10-best @553 & 2 &
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VIR E RS S  ETR- ) ZfETRBZ 6 W MBT

7"'_'1\“\

AR F token X T L 100 FERE R 8 L B P 1000 BF o ] ¢ SR @
2

-
T BT - FEE rescoring FF g % o

54 F2%- —f1% #8755 - pause duration F 3t FE%

AR R OBEERA R S 2 YRR FURBT RE SR
BorE 2 hz BESHT » TR R RERR e n R &R 0 @
syllable-level iplz&: 7 flent e ¥ % > PIEFR Y for e 7 FHFPRF - F3 B0
B dn EATERBEEREIAANEENF o

ik 2 o adapted bigram 3% 3 i

s

2T Ok hP ALY 0 F AR B

A pe b BERAEF S - R AR,

ﬁ

% 10-best lattice syt % » i
A2¢ % 7 4k Viterbi search 1438 jeahid & > 45§ @ * beam search o 7T k&
FPREER 4o~ PM {8 53F 3 HEA]¥E pause duration 33 chF 3 0 i {7 rescoring £
L F A2 - e PR R R G A2 0 A R AT T

BB SR B % 0 X R B B o et B A R

Gt R Jp 2 PTit two-pass rescoring jnAZIE {7 FEEL 0 ¥ Z P £ rescoring i
i2r % TET Al b o B Y b4 » T pause duration Fiod| 0 B T FERPE ST A
4 chlg & U H- g B 0]~ 55 031 2 pause duration HEA] A B o B

s “ﬁ% TED A et £ s B FEH - B pause duration H-A A Fert £

|

"~

(DM Weight ) » 144+ 2_pause duration #2458 S S @ 2 P B2 R - 5§

WY &Y ORIFF R 2 f85F F A 2 inter-syllable pause duration model weight 32
LA 04BN Bl crit e % 0 Bz B A & 411§ B rRll % s
4T
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7 -3 Outside P|3# 7% ¥ word 783 5

E5 5 Sub Del Ins Accuracy
L2 R 8.96% 3.21% 0.97% 86.86%
bHse 7 16.98% 4.95% 1.70% 76.36%
= ’é”"ﬁ 36.61% 11.57% 3.37% 48.44%

# I -4 Outside B|3# 35 #* character 7438 ¢

B Sub Del Ins Accuracy
> R 5.96% 2.52% 0.15% 91.37%
“h i%é?s'fﬁ 13.14% 2.67% 0.31% 83.88%
e %‘*‘ﬁ 31.44% 8:51% 1.72% 58.33%

7 -5 Outside Blzes54+ syllable 7% 5

B Sub Del Ins Accuracy
L2 R 3.53% 2.52% 0.15% 93.80%
L f 8.19% 2.62% 0.27% 88.92%
= 3’*'?5 24.14% 8.77% 1.98% 65.11%

$ PM 3 hchiz g o iz

542 fEBLEE RS

fEBE B B B R R PR B ALY 0 A1 g R Al

Zf -

HAriz g PMALFHRS Ik %% 3145 38(Del )

’}5 PM 5 fehidd ~

f‘m

(Ins)» ¥ ¢ B3 - ARIEAEEF R 5 PM 3 aehiz§ 74 B2 8010 PM
it B BATE 2 I PR R B AR L S F S Al
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(Sub)» i 515 {8k Bfbiz M 2L R A7 605 7 7 - BERE R Tl R
T ORAT AR GUT P MR S RS AALE T P AR B R
Baki By R AR TR AL RS TE A NET kG k- Hemp o

A RATTRIGFULE > UBH> 7 13 % PM fEEIER L i

FIr B2 G EE > o s Err_notype @ % Total 5 RFEE R G e
BB B o B D N AT [17]
Err _notype=Del + Ins ; Total = Corr+ Del + Sub (5.7)

& %F ™ Place Corr, total % 57 PM 3z =8 & /g @ L v PR B A1 ie e PM fsg

F A el 3leng % At ks PM ¢ Arikant b
Place Corr, total = ((Corr + Sub)/Total)x 100% (5.8)
¥ ¢t s Place Corr, type Corr Pl E 3% SR ce Y BB REION et b
Place Corr, type Corr = (Corr/Total)x 100% (5.9)

# T % eh Place Corr, type Err £ 35 cnPM =¥ I Fa fe fA 55 45 38 cn3R i

Place Corr, type Err =(Sub/Total)x100% (5.10)

i PIARILASFERE S Fes AR 8F b mE R 975 OPM
F

BB P Tib G At b 2N deT

Place Err =(Err _notype/Total )x100% (5.11)

TG A R R AL RE R SRR S 0 2 SR
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2 PM R enjp 3

7:FFEI

FEIE-A5 0 1 = 2 B %] confusion table :

# I -6 Outside R]:#:5 F R B+ GLygs 5

Place Corr | Place Corr | Place Corr
B Place Err
, total , type Corr | , type Err
> g 78.93% 67.88% 11.05% 35.02%
¢ ii‘é'c—'gf 83.99% 77.11% 6.88% 35.95%
= ’é’*'ﬁ 67.91% 66.18% 1.73% 56.46%
7 -7 pHIEERF 552 confusion table
Frak i & :
o PM=COM PM OTH PM DOT
T E % o K

PM_COM 96.14% 3.31% 0.55%

PM_OTH 31.99% 68.01% 0.00%

PM_DOT 100.00%, 0.00% 0.00%

% 7-8 ¢ i%év‘:'fﬁ L8 3 55 4L 25 2 confusion table
FER g %
o PM COM PM OTH PM DOT
Brig A - -

PM COM 98.21% 1.49% 0.30%

PM_OTH 11.34% 88.66% 0.00%

PM_DOT 93.75% 0.00% 6.25%
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FEE S %
O PM_COM PM_OTH PM_DOT

rFEE X
PM_COM 99.37% 0.63% 0.00%
PM_OTH 4.66% 95.34% 0.00%
PM_DOT 50.00% 50.00% 0.00%

543 @A+

At oo — B s LR e~ JREE 1 527 pause duration $57) {8 ¥R K P

BonTRFe R Y RAF IR AFLF TN E AT X S fREEE
527 pause duration #-3| e= a3 ﬁ BB LR BFERS > MFEREENT LAY o F

pF2t B B %) o0 error reduction rate ( ERRo)«

21-10 = B A LR AR R A

=3 “Ff b5 %5 FERGE 1% Syllable-level |Character-level| Word-level
SEENL S - 93.62% 91.04% 86.29%
N |4~ PM & DM 93.80% 91.37% 86.86%)
ERR 2.82% 3.68% 4.16%)
I 88.70% 83.37% 75.59%
"’Pfi‘éﬁ‘l% “t ~ PM & DM 88.92% 83.88% 76.36%
ERR 1.95% 3.07% 3.15%)
S g 64.82% 57.99% 47.84%)
=3 '*Ff “t ~ PM & DM 65.11%) 58.33% 48.44%)
ERR 0.82% 0.81% 1.15%)
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> OEE Y TR AR Y e PM & DM TR (S0 Z B3 RB
LR ayrai ey e RS o d tb?ﬁ.—r,fgﬁiﬁ”g’ﬁ — AR S R

AfeFE T Al b L o A R R IR BT § e E o

> FEd b &Y ERRIRE  FHRZAE B LG - BRE (L
word-level £ error reduction rate 35# ¥ ¢t & B & & ERR & § 41— & »
T 7] 5 87 5{r pause duration H-A| 0 £ % § o o B
r1 2 32 word boundary = ¥ | ¥reni gEld o ATILERIRS S sg R T b A B R

BoepERh S 3 Areren Lo e BT word-level PR 5 R R

ETIS
&
ok
b
=g

> & £7-67 ¥ ir el 8 Place OK, total ci&7t 2% KB | M 5 » P ¥
ForHAH AL A e it B4 » PM eE T
Bl A 0 §les ooz 4 3h e PM R84 pause (AT 9 7 PR ~ vt Gl
oo @ ¥ 45 B T -6 - Bl -7oipause-duration model BA; 0 AP T A H
% B DM B &% R A > #10d PM affor B % 7 Jir'f’Pi%-‘ga—*Ff [

£ E R E - BALPFRR S T & TR PM SRR S L

#FT Ok - HEBREFEL D Bk DR % 0§ AR Place Err sk %k |

sn /% % miss detection {r false alarm = & > % % 4T

77



# 7 -11 $E8L% 54 2e 2. miss detection £2 false alarm
Place Err
W ERA
Miss Detection False Alarm Total
A N 21.07% 13.95% 35.02%
?P;E;,%ga% 16.01% 19.94% 35.95%
X3 Jﬁ 32.09% 24.37% 56.46%

> AP P FAF{or e oty 0 W e <0 miss detection # 2 %

Gl Ao BAFE AT 250

i T 5 5 e

R B R L = AR

St BB 0 ST € 3 4 miss detection IR % o

¥ ¢k > f false alarm 938 > > Flad AR i3 PM hi B § s 4
r R Kf"'» y Bl A & g p’ 4 >+ PM mF% ﬁ_j’—‘m Av\gtj\ s F {?‘ PM %
Boood 82 R &0 B R B0 SanE T R A R eyt

itk ks B FE o 47U falsealapm ¢od
R o F] G - B e e

ST b fE PM B ATt G2 B IR

RS L A ghio] o 10 Py

FERE RIS A L @B LM Bt i

EC L, U ES TR

e

5.5 %é p 3 J;‘l:

= —f A r 3 &LLF‘_
B R AR LR PREF IR R K- PR o AR R e
PM (& en3% % #3412 pause duration $iA|¢h > £ 4e » POS #EA|chF 0 (T
rescoring {8 Pl & > TR BRIEEL B ELp F 4R T iy B o

551 #Ekik
NPT A 4 ik AL

Bt FERNAZ T F JI* two-pass rescoring Jii A% 38 (7§
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e pF Y g B8 #0330 d] > pause duration #-3]4e POS #-A3] 4 #icing F 0 T
2V EF A FF RS BT B POS A £5F 0 word-level 5

VSR RL e

it

% 7 -12 Outside B3+ word FEat F vz g o)t £ 8 1 95

EB 0.0 0.2 0.4 0.6 0.8
LA R 88.86%  86.68%  86.60% < 86.57%  86.47%
‘b if—é”c"ﬁ 76.36%|  76.30%  76.08%  76.00%  75.83%
X —‘ﬁ 48.44%  47.48%|  47.36%  47.30%  47.15%

552 {EEL@ELp BEBESE

TR o oA BRes T SAAEFIRA LA R £ 300 0.8 B RIGEE

S N AR S LR

% 7 -13  Outside PR35 R L BE (3 B ypah &

Place Corr | Place Corr | Place Corr
s 25 Place Err
, total , type OK , type Err
A e 80.71%) 64.61% 16.10% 48.13%
4 ;k;,%gaiﬁ 85.53% 75.56% 9.97% 44.24%,
X3 ﬁ 69.77%) 65.38% 4.39% 73.24%
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+ 7 -14 gk 542z 2. miss detection £2 false alarm

Place Err
W ERA
Miss Detection False Alarm Total
A N 19.28% 28.85% 48.13%
ek iz‘%é"cﬁ 14.47% 29.78% 44.24%
X3 Jﬁ 30.23% 43.01% 73.24%

553 %47
FRIp P RS P UEINNT BREH

> KA T2 7 T MEEF SRR LAY B A g EAR L o pERE
Fom g & Feodddo m g X POSEFFEE a3 2T ¥ R Fl3 = o
FATRAFLG & (5.1) V2 da it 427 > pause duration 737 4F & B
BRI A A B EF %Y & 23T A e POS HAI > ot * g
FREMREL R - B RRo A BT AR AT fe (Miss Match) 03 > 7
g N ATA M DT R F IR Hoka s % 2= B R FIR L 2 BT
B i B R L Y S T R B R ¢  5) B A e

B AP EARMES P T L R A AP R R D

&

R R HPERE RS S - AR D

> %’gﬁ W AT -6 42 T-13 2 4T -114c&T-147 B> EREEDE

B Afom TR Bl k B AR T ARG o ey P A BB

tmk-

fe 87 13 IR POS O 40 1B 1 SR fig A eh R ¢ @ PM

=%
F

W

A NI A T FE > 40 b > W@ miss detection e A 5 G ] R T
"% > e §_false alarm 5 F A= ﬁ_gﬁzﬁﬁ—r;&’ﬁ Xtg Rt B o oaies &

i B B AR i R L B R ) -
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6.1

=
55

3
sk
i
i
-%;\7

hE R RBE R

-§+§'

bR P o AP BIEATE T L MATBN & (78 45378 35 3 sEeh

APMAS § o FGEALR i i s 2 A R d B B3RS A R R

5L ~ pause duration H-A]{r POS 3] et » > § — B 5 BB il o At 5 R

PR B e

(D)

(2)

(3)

(4)

RIEFTEZ L 21— 4% read speech 35 7 b » ML WMt p REF

-~ — P

(Spontaneous Speech ) » 2 @ 3 & ¥ - 42 F2 bR & g RFF IR

N

r‘]Lfoj v 411 F &) ek o AR Y b 2 T particle Vi’\%’;%‘fr’

garbage model & B4 #-Alr 1€ 7 AL AFFRs AL = E o

RABATR R g ¢ 2 B 2 B B B S R B R e i
T s B F A LRBIRE SN R LY R RS

FA LBV REE R AT T LR PR E R SRR -

T RO E R B AR PR AR T R Ak ch- A 0 R a4 2 3T A
m 2L R * m 2 4R (Free grammar) @ ¥ i€ {8 3538

AR RHATE RN R EF T A TR S SRR R R
B oA rGET AR DA R R A SRS T FR AR T
N RSB E PAEIE 2 FEF A 49 1 DIRD FE S

Py § - # e L o

- BAERE S I g R R R B RER KR A~ T g
L EAREE R LA P TR eYrd C N F ey 2R R ER L
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o FARMERERE

EE
.m‘y
W
—-)5-
5
b
\
Fs+
]
.
I
S
g
s
i
v
NES

1T,

ST L E A EATE 3T R PR S  riE et th b)
WAl RO 2R AL BRTRY B2l

Bt g R AR T Rt T OUHFRRR R G T

6.2 AKREY
BIP vheasr 5 35 k5 550 St {8 2 p i 03] (Context Dependent
Model) 7 & fh & ehifi® » e £F %7 4 335 BRI b » > 2 R FEY
EROPE R SRR TR ETA ARG R TG AR R AN
PRl enF ok o Bp ek RamT g ¢ > NP E T LR Jo 0 e PR K AL o
RiGATR &P P F ROk BELR ¢ & F T # B(Background Sound )

gt B kY T (e DB et Bt B 100 B R g

g

LS - Ao e I RE R B L R T BT

e
\\

P8 S o B WA RS R R S R B i s

DA k- B A BAE L AT

~

Fpod o A ok d 3 & 7 e pause duration % T4 Eas ksl Ak
#5457 22 word boundary = % eh&| 2 > A KTy ¢ Faw fg L #F % (Tone)

e 0 4o r FEER R AL 22 20 411 § & P duration model 0 AP 3 ¥ FER L S

Siic s v AR R AR ST
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'ﬁ'@ﬁ?‘"

Background sound &3z * j*

e Lk P
Music <BACK_ Music> ... </BACK Music> |5 %
Speech <BACK_Speech> ... </BACK_Speech> |¥ 1/ Fij- # 04 &
Shh <BACK_Shh> ... </BACK_Shh> = B
Other <BACK_ Other> ... </BACK Other> [W&4 > 4r il 1 B ehif (vF
b N B )
A BT A A FHE
FEHELE TG A&
2k
Noise &3z = j#
e Wie o
advertisement <ADV/> B4
breath <BRE/> - L S EERE RS SRS AL ST B
clear throat <NOISE/> ;Fj‘— v B
click <NOISE/> =
cough <NOISE/> B s
cry <NOISE/> S
empty ¥ DAT # 4% PC %> Fla 2 o P it ¥
@ A4 0 @& Sample > % {8 & 9}
Byl (- R ¢ NImASE B3
Hh P 5 <)
hiccup <NOISE/> Frep B
laugh <NOISE/> %
particle <PARTICLE> ... </PARTICLE>|iX § & %3% & 5% § 3#
pause <PAUSE/> i #g
sign <NOISE/> S
silence <SILENCE/> JC gk
smack <NOISE/> il S
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sneeze <NOISE/> oR el A

sniffle <NOISE/> 3 f 3

swallow <NOISE/> B ook B

trill <NOISE/> ¥ 5

unrecognizable | KUNRECOGNIZED> g A i o g e S

non-speech sound [</UNRECOGNIZED>

weather broadcast |<WEATHER/> F % IEAR

yawn <NOISE/> N

noise <NOISE/> Hw g eages (HR)

inhale <NOISE/> RF B ()

langthening ? L FEE (L

short break <PAUSE/> pause (# %)

Pronounce error &3z > ;%
ik L P

[nappropriate | (hual)2 C R T s

Pronunciation (% EL L e R R
BREHE G Y 0 F o AP AT
il

Stutter <STUTTER> ... </STUTTER> T - BEAEBFNHIA
g o Ao T

Syllable <SYLLABLE CONTRACTION> ...[303E = B-m JILF & & & Il %

contraction </SYLLABLE_CONTRACTION> | (% ) 4r TigH+ | 8= [
+

Uncertain <UNCERTAIN> JBEFETNF R R E§ -

</UNCERTAIN> A7 = NS FRT U FEL|E PR

5

Unrecognizable |<UNRECOGNIZED> L|EIFEFERNF R e 3

Speech sound </UNRECOGNIZED>

Alternative F 2 WA ATE gL B AR S
2 %5

Zhuyin F et s ()
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Foreign Language &&= /%

o i P
English <ENG> ... </ENG> ® 2
Min-Nan <MinNan> ... </MinNan> [FA=
Japanese <JPN> ... </JPN> p i
Formosan <Formosan> ... </Formosan> |R i X 3%
Hakka <Hakka> ... </Hakka> T R3E
Cantonese <Foreign> ... </Foreign> B &F
Other <Foreign> ... </Foreign> B o3 F35, oo™ 3, FE, P

POFE
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or

F

=

¢ 2 510 B- F#A

=S I e T N N O O I T B R A A= - W A S - I - B T = A
e TS S S I o N G o R T N I S e B e B R B B e B N
| e | R | | e el | B B vh | x| 2| Y e R R B ke &
Beol % e [ M e | s w8 ke e B R R sk e | | k| B
e [ e | F | = | B F| @+ |l | |nlm|sls|g|l2x|2 ]S>
SRR R AR - N E AR N X PR S-S S IR - -
e e R (e o e e B B O = e e A A I
e [ Mo [ e | L | B | B | e el L | | e | e | aw | AR s | wb | b | | e | e
S I R B I T B I R T i R (P30 (O O e I B I A O IR B
el e B T T A - T N B~ = S S - i A - S - - A O S S
NI B - - - - A B (. 3 - B N e o B S - - T B
Seadl 2R - N O 0 T - T I~ (- I AR - B (- [ L B R - M
- | RS i o I I I O T B N T N o N R TS YT T O S I N B S B A 8
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IS S = A AR IR A IR
Rl | 8| F|F || B S| || R
s | ||| | e | K| | | | | | ||
B | | R | 5|5 | B |9 | 8| % || w2
A U BN . I B B S A U - O O - -
iR - - - - - (U
e I I B I NN IS I I PR M e o (B e
B & he | e | Rl 8B | e | B | | BB e | el B
K B B T o B B A R IR I A B S S S =l
W R | S| e ||| 2|5 6| | T8 e =] g
Kl o e |2 | B8 ]8 | |w|w @ |E | ||
e I - - e R - B -2 BT B B ™ G T N T N T N - = I~
Hls| @ | b d |82 &8 &| | &2 e % |8
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it =

¢ % 46 AT R

g | e WA Yoge | i WA
1 A e R 24 | Nh A
2 Caa R 25 I o e
3 Cab | @#EF 40! ¥ X 26 P fi 37
4 Cba W 4o gt 27 T 3 43
5 Cbb Rk EE 28 | VA 50T F % do o3
6 Da B FlF 29 | VAC B (7 % # o 3
7 Dfa B 30 A7 R 30 VB B THE 2 do de i
8 Dfb 30 {8 AR R R E 31 VC B (T2 fo o
9 Di P A These 32 | VCL | & iFded > FF b
10 | Dk ke e 33 | VD il o
11 D B3 34 | VE s 1 51 B3
12 | Na Fi 3@ 35 | VF LR I S
13 Nb &3 L 36 | VG e
14 Nc B2 37 | VH AR F 2 Frde e
15 | Ned [l 38 | VHC FLF ORI S o
16 Nd P Y 39 39 VI A EHE P E
17 | Neu HoP T3P 40 vJ Y CEIEC S
18 | Nes Fip R 41 | VK P ORERS S
19 | Nep 3 42 | VL AT B
20 | Neqa e T3 43 V2 7
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21 | Negb ¥ #E LR 44 | DE 2.0 @
22 Nf 3 45 | SHI 2
23 Ng B 46 | FW ‘b2 e
TEFEE B U iEiRie
SoBh 3 wp
47 DASHCATEGORY —
48 ETCCATEGORY
49 COMMACATEGORY ’
50 PERIODGCATEGORY o
51 QUESTIONCATEGORY ?
52 COLONCATEGORY
53 SEMICOLONCATEGORY ;
54 EXCLANATIONCATEGORY !
55 PARENTHESISCATEGORY L0
56 PAUSECATEGORY \
57 SPCHANGECATEGORY |
58 DM TEA EF
100 BM R
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