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IIRTF 2 T R A T e b - Tt B EE R AR B2ty (S R Bl R i
L Z$kE(Prof. Chin-Hui Lee) ik » fRERE] 101 4 4 H 1 H~KE] 101 4
6 5 1 HISELHAM B4 1012 1 H 2 3 H 2 W58 Bl —fu s RHEIREEE (Prof,
Sabato Marco Siniscalchi, Department of Telematics, Kore University of Enna, Enna,
ltaly) %G EF " B a3 E KEBREME 2 KEE R85 P9t 5 (Knowledge
Integration for Improving Performance of Large Vocabulary Continuous Speech
Recognition) ZAHEA T1F » FETAFHEEA " © D3 KREHEIMA SRS
KA 15 (HMM-based AM/n-gram-based LM) 2 A4 LA 11T 2475 -
HRIC A V245K - THat R 45 R % ey ICASSP2013 [ % & 5% K. Speech
Communication HATEwC ~ 2885 AR EIIASSR T H# 2 " BREEUEH
Bz R seaB B e 280 ) DAinh BhBasesa & (word lattice) by fRas & Bl &5 1%

(hypothesized syllable structure) » fff7e45 5 E s fm 2 ISCSLP 2012 -
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(—) BHHY
MR SR N SN B EE B Y (B R YRE S i PR 78 T RO sz
A - TR - B aniH TAYRSRMHEEY » 1 2005 /024 » 2t T —
{Ef8 Ry " SBE EME R A 2 SEE W 24 ) (Detection-Based ASR) FyZR IR EE =
PEN RS IEAE B ARG DR RE = HE2d (Human Speech Recognition) £ ¢
Bhagat - B & aE = MIEE 00 (knowledge  detection) DA Kz 58 & HIEk R 4 &
(integration of knowledge source)ia W77 © B %5 {E ] (knowledge detection)
Z B R R AEE S WRE P fR EAVER S, - EesUE EE A &% 5 774 (Manner of
articulation) ~ #% % {17 & (place of articulation) - & #1557 #2 & (integration of
knowledge source)ry H HYFE & & aEE RlEkE (EH] (knowledge detection){S- £ & E
A —LL [ {53 (pattern recognition) 2l /2 B R&#& = (dynamic programming)y 75
RS AGEERIE (knowledge source) #E{ TR & » 1S EEE S H2HY HAREIC » 41
(phone) ~ Z &fi(syllable) =iza] (word) - BlE{E E (phone)/ & &fi(syllable)/ 3 (word) #%
(lattice) 2 (phone) ~ ZEi(syllable)siiE & (word)Hy(Z: 00538 > AR BI{EH SR
R TE T (rescoring) o 55 S AR (knowledge source) AT LR R ERE =
(language dependent) 5¢F14 55 = (language independent) i MBI AL - [RIEEAE T 55
BN B LR sEEET Z.% | (Detection-based ASR)ZEHE N » 3B pR R [H]
SHIHY E S [ a A e aes t HAE & 2 sB = AIE i (H0H1 25 (knowledge detector) »
A HH AR 2 WHFE ST (domain knowledge) - DL AET TR #HEE & (knowledge
integration) » DUHZESI S (£ 7 A PRIRCR - HAT > " sEE @M AR BT
su &t ) (Detection-based ASR) T AR BLaBRE S Wi - NMERELIGEIS &=
Hrator(lattice rescoring) iy T A R MRS - NI 5 A H M £ _E (bottom-up) Y% &
T3 A TS B DL SR s -

FERRERETTHE - FEEEA LI ABENEOEEF Pl R s

(Framework of automatic speech recognition assisted with prosodic information) ~ 2.

-



BRI AL RS T S 2 17 (design and construction of prosodic model) ~ 3. Z5{EAHET
i B2 15 1 (prosody-dependent  acoustic model) ~ 4. 85 &R S R 2 55 5 5 AL
(prosody-dependent language model) - 5. 88 {2 15 AU 5 R 6] 35 % 69 4 2 (speaker
adaptation for prosodic model) « FATEFSERATE " IEE B = P oC R K
AYBTE o - EARFEEI SRR A E R BB th SRR R SR S Y. IS
FIABEAVEE R - RIEFETT 75 ~ FLAREEIIREE - 5590 - (ERREAHR S 2R
(prosody-dependent acoustic model) /51 » FATRA A e iy BE B BE & S LB
FETRIAHRH (break-dependent) VB ERAF AL » 17 S B FER Y B Bt o] LS L85 HY

F R RSES - IR e {EF Eif&(syllable lattice) b5 S s By I 5 B 25K
(coverage rate) - 554 MY iR & T DAE B B (syllable lattice) b2 {55 HET R (break)
Fil o DIFR AR AT TRE 5 MEREERNEE S - DUSFI A0 -

Bp il w5 AstEHIERG G LEERR 2 T S B R A
ZeEE WY %40 ) (Detection-based ASR)ZRAE ~ 2. 50Kk & e M E B = AT 11HY
BRRAAAY - R R A RS th SOV R AR S e R B RR AR TR R AT S
Tah 2 sEE B I E Mk (Detection-based ASR frontend) i A o UK FA] 82558 »
(S SIS Y R B S P A4 BER 38 8 SRS HIINA - ZE S fE

TR -
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ANFL 2012 FFy 4 H 1 HE6 H 1 IR - RE G B T EE R B AR 22 e
AYESRER G B L0, B2 AT 2012 42 1 H 3 HE( 3 H 31 H 25t - bR 17 E4
PR A E 7Y =T 5:00 1 6:00 #E{ T ST » WEBH4AH] Prof. Sabato
Marco Siniscalchi #1TA BRI AR R EEA 4% 5 RSN ARG s & PRt ivaT & -
LU 73l AR RN P 7 74 1 B R T i S 1287 465 SR AME T R 2 -

(1) 201244 A 1H~20124E5 0 1H

B Prof. Sabato Marco Siniscalchi, Department of Telematics, Kore University of

Enna, Enna, Italy 55mb/ 7ealiel - [EEREHEIIA G TS & L A Figl B JRE
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eHER EEEL G (Break type) {E s PE T Y 5E = S B(A1EHH ~ salR) AR AR USSRy
(EAERR RS R B AR /I > WL - BREEAY(E o] DI BB E Wiy - 1R ALA
SUHVEREEEIUE. > 595 > bR T (e ST (AM) ) AR S TEEI(FLM)A » 2558
{5 5% J57(manner of articulation) & &R A BhEE S WL > Z1LL - BAEEERE ARy
{E 2 B T (Top-down)iy = FEaHUE (high-level information) » T && J5 2 EHE

Pt H T 1E E(bottom-up) {EFEERE. (low-level information) -

Phoneme/syllable type s | [Lexical stress ]

I Attributes At(W) ] o o
A L: linguistic transcription

AM ------------------ Break type B

: I
( : \ A v
k p Spectral Syllable duration sd Pause duration pd
S

feature A

Acoustic feature

............. > eseeees ’ ' —_—— ’
Attribute posterior Syllable duration Break- pause duration model
prob. model syntax model

Fig. 11 DIBRHEE R385 7 AN E Bl 2 R et E o~ s

LA Fig. 1 pr 23R HUES: > FMBtGaeat W IR e 2008 - B AR LUE
Geah B Pt e JoEE g (word lattice) > FERFRRERERE S35 5 5 7AER B HY 4 B A%
R G TS (word  lattice) #ETT B #TaT o7 » HEal o 2508 S &5 T/F J5 B (building
block)#ll Fig. 2 Ffi7s - sE & (E 9545 FH S5 fE 2 8l H (Frame-based feature extraction) -
AU EE S IIERS S =28 BT AN R B2 g e (o8 O R 8 =5 (beam
search) /572 » £ A (4% & ] R EAFE AT (HMM-based acoustic model) 157 &8 5 35
= EA(word bigram LM) 4= zdl#% (word lattice) - [Ea#% (word lattice) &5 =&t
Z & (syllable segmentation information) DKz 32 3K » Feff i IR FEE =15
I (Factored LM)iEfJE ARz £% (word lattice) DA 2 B 25 (lattice expander) i za #%
(word lattice)EFIp & A0 ~ BR{REETELERE (Break information) ~ alJHEHZ (POS
information) DL & & &t £ & =1 (syllable segmentation information)fy#& (lattice) » &z
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% LIS E T 25 (lattice re-scorer) Ei#% (lattice) T 7A 1Y% (hypotheses)
DIERTERERY (prosodic models)F1EE 5 53 A09(.0053 8, (a posterior probabilities of
attributes) MEfTEET Y 0 KGR EEZ Y (word sequence) ~ FEHH 51/ (POS
sequence) Lz FETEENTEG 7751 (break sequence) o

PR Bt R s st E R B R A AR

L*, B* , Y*
P(A, YIW)“ P(W)* P(POS|W)* P(B|L)* P(sd|B,L,Y)* P(pd|B,Y)*
%/_/ %/_/
AM Trigram LM POS model Bregkl—syntax Syllable duration model ~ Pause duration model
mode!
~ Factored L. Model(FLM
~ arg I'LT]é':I)Y( actored Language Model( ) Prosodic Models

P(At(W)| A, Y)“

Attribute porsterior prob.

HirPAYIW) ~ P(W) B2 EESEERL ; P(POS|W) Ryl fHisERl 5 P(BIL)
P(sd|B,L,Y) 5 P(pd|B,Y) 53 il BRI AU iy 1)BREELERG-RE A - 2) B afis
RAFI ~ UK Q) EHFRAREL . P(AUW) A, Y) Ry & 5 7AR A - EERE Al Al
PR By B e T B MR AR FHEE A TR SR (POS) AR (EE s P 55 = S i bR R B B U AR
(break type)isZ 2L - Fi DATEAS (lattice) b v A GHEAFH(POS) MIEEF:EN R (break type)
HIEREERE TR « 5940 > {a |1 =1~ T} Ry S (B TR HUAY S B B » o] 3l 4R 55 & (training
set) 23 2 £ &5 (development set) g AR s 23 I B4 WFa

Training
phase for S1-84 Prosody
prosodic modeling
models

A

Prosodic
Test —
phase Acoustic Word model
model Bigram LM
Factored
LM Lattice with
word/POS/ The best
Input Word break type word/POS/break
speech Fr?me'basecj beam | lattice Lattice | hypothesis - sequence
——p features ) 4>’—‘—>
; "I search "| expansion rescoring
extraction A 4
Syllable
Segmentatio
information _ | Prosodic- A posteri
: posterior
_ | acoustic probability of
FO & energy sequences 5 features Syllable-level attributes
"] extraction prosodic-
: ! acoustic
First stage Second stage features
Bank of
attribute
detectors

Fig. 20 DIER{ R385 AR B MhB) 2 S0 s st B sl AN



(2) 20124E5H1H~20124E£6 H1H
M TEE S RO E Ry - Hrh RS2 HEAVE T P(A, YIW) /2 WSJ SI-84 sk
2 EESIRITTRS - 5B S B P(W) 2 DL WS 87-91' S Bkl ST pl e =
EE A (Trigram LM) > B3R P(B|L) ~ P(sd|B,L,Y) k2 P(pd|B,Y) & LA SI-84
o JF L1 55 A7 L 77 5% (Non-Verbal - Punctuation) 58 ¥ il &R 1M 5 > 3% & U5 7A 1 Al
P(At(W)| A, ) H 2 WSJ SI-84 5Bt 352 3II4R T e - 55 S Wl A B B4l SR
TR IEIIABRESEEIR S I A 7 81% - RS PR A ) -

Ze— I AERE (prosody) K #53% 7774 (manner of articulation)zH 2.4 WSJ0 Nov92

A EB AT R

Word Corr. (%) | Word Acc. (%) Sentence Corr. (%)
Baseline 95.89 94.60 56.97
+attribute 96.17 95.09 59.09
+prosody 96.00 94.90 58.48
+attribute+prosody 96.15 95.14 59.39

58 > BAF IR H SR Sk AR 3% 5 50 (manner of articulation) H#EReS
TEFI A i SCR e e st 28 A EREIRFHIET R - RS EE 2 B M A Al 4k
(detection-based ASR frontend)¥f 1A R [EIE =Y (generality) K FSsE=HIF]
AR (portability) » Fig. 3 Ry ItRFZEMY TAE 5 #iE (block diagram) - 5 » Fff
DLESREGE & WRER 28 (ASR system) DU K AH B BRI 1 15 7T % B &2 i Al
(HMM-based MMIE AM) kg = 2 3FE S A (word trigram LMz 4E 5d]#% (word
lattice) > [L5Af% (word lattice) N E1 & % & &fi(hypothesized syllable) U EIf1 &
P T AR B T — (B Ei4S i BRag 25 (syllable structure verifier) » (EHESEES 2 &
MfEI4H (bank of attribute detectors) » BJAREE HERE 24T (ASR system) 2 4: 7 Gt
(word lattice) #EfTEEHTET5Y » Ay S AERFA Ry A FE S 5F o AU (LM) 43 B 0
ARSEERAVAE FAEIT R IE » [ES T EAYE - TE45 (BB 5% 48 P (50 FH Ay 8 14 (DRI



(bank of attribute detectors)/2 HS< SCEERISRMTEY » EE2HE H R T GES -
HILESEE S Z (HMlZs (detecton) SESFHEINRE » (FREEIHRE & B ME AL e 2 s WY
%4 (detection-based ASR)fy —fketE(generality) k% B #%H# 14 (portability) - 32 2 »
FAMIE A% A 25 (lattice expander)ifia i (word lattice)z i pic B 5 BRERENREEHE
(break information) ~ ZE{EARFE(prosodic state) ~ za[KH(POS) ~ fEELEFSE (punctuation
mark) Ll sz g (word) iy (lattice) » fef& P RS S TET 7 %5 (lattice re-scorer)
BR A AR AL g 2 el A% (word  lattice) #E 77 EE#TET 47 » 15 2l i 2 57 3741 (word
sequence) ~ [ FEFE%I(POS sequence) ~ FE{EETELFYI(break type sequence) L Kz &8
BIREEE 1 (prosodic state sequence) ©

HAFILL—(& 300 A GkBdayrh S HRERE 2 R R B BREE R (TCC300) -
Hp R AR TCC300 sEftfeE 2 sh & LU A B R (MM DR AHI SR R -
A iR ) Sinorama ~ CIRB030 LA K Sinica Corpus 3|4k i pk Yz = 2B =
A (Trigram LM) » SRRV DL TCC300 2 BRrsE S ISR TR » 3835 J7 Al

P(At(W) | A, Y) - HZE3E WSJ SI-84 SEHlE 2 5B ISR ¢ -

j=(11¢

N FO N Lattice
extraction expander Lattice with
word/POS/PM
/prosody tag
Word lattice Rescored  hypothesis The best
: lattice word/POS/PM
with syllable
Input segmentation . fprosody tag
speech > ASR ) Syllable structure Lattice | sequence
system verifier rescorer
A posterior
probability of
attributes
> Bank of attribute Prosodic
detectors Models

Fig. 3: DIBRMEE R SEE = 9 5 )7 AN S BN 2 th UK sl s s 2 R 2R

i & Doy B BRGE RAIR R - AIE HEIRFIIASE S 574 ~ BRERERES DU
BREIRREEER - A SR PRRaE R — SR > HIABR TR & A fE 0t
A ERHRE RIS - MIIAS S AHBEEE EeE  HERAEZ 1 1) it



ST AR e e HEERE RIS S - NI RAE T3 EE ARG ~ 2) &6
(syllable) A7 IEREH T (phone) VI EMILE. - Fit PAFIHR FH B RENFE] £ E(DTW)
JiEE F A (syllable) Nk Bl fe (2 & Z B IEUIE] - b & H S e i basd

(syllable structure verification)gE JJ & A Frs2 2L -

R VMASEETTAGM) ~ BREHETER(+B) LUERERIRRE (+P) 1t TCC300 shE &kt
e R R st (WER) ~ FUCHERR (CER)DUR EEIshZR (SER) -

WER (%) CER (%) SER (%)
Baseline 13.75 10.56 7.79
+M 13.45 10.20 7.44
+B 12.57 9.36 7.13
+M+B 12.43 9.81 6.90
+B+P 12.26 8.93 6.73
+M+B+P 12.24 8.85 6.63

Fig. 4 BER—{[E A 2 4SR5 25 (syllable structure verifier) 4y [F > ¥iR4s
SR - HLEFIEH TCC300 iy "NCKU_f060602_0" JHIS )1~y - [FA
IERERIE A ) FIESZ 2 (784, chaol-ji2, super) (K, dad, large) (8%, xian4, county)
(ZJtR%, tai2-bei3-xian4, the Taipei County) (X, qi2, its) (#4£, xian4-zhang3,
County Magistrate) (Ef8, bao3-zuod, post)" » ZAIMALEEH L e AR GERE
"(k%, §i2, and) (%, shid-zhang3, Major) - & (FII0ASEH AN 73 8Rs - Hrapds
HEF B "(B%£, xiand-zhang3, County Magistrate)" - Fig. 4 B~ 80 'xiand” [y
S Z BRI (a posterior probabilities) - & BIEETE A G PR 'shid” -
FOTEEE xiand Wy JTEAFP A R FEEEE (fricative)- £ & (vowel)- &
(nasal) [fri'shid’ HY55 & J7 5751 Ry ez & (fricative)-R) (vowel) < | Fig. 4 A[LL
RIREEFFE AR E (vowel) HYEE{LIER(a posterior probabilities)f£ & &IHIRE
EEEESE 77455 (nasal) HYZE1& 1% (a posterior probabilities) {1572 > A<
HEE (nasal ) fERBTFERAVEEN ‘shid” AIHYEIERCRy xiand” -
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Spectrogram

- R r—
a posterior prob. of fricative
a posterior prob. of vowel
a posterior prob. of nasal
| Correct x{fricatiwve) | yi—a(vowel) ninasal) |
hypothesis i
| }{.:Lan4|
| Wrong ghi{fricatiwve) | FNULL (wvowel) |
hypothesis
| P shi4|
=0 § ©° ° ©° ° § ° ° ® °© [§ ° ®§ ®° ®§ § § 8 ® & [ 85 8 85 &5 [ °©
1030 1035 1040 1045 1050 1055
Frame

Fig. 4 7£ NCKU_f060602_0 =54t #isl sl s @Iy & Z 5508 > &5
spectrogram (_|) ~ 535 7 AREEZ (fricative) ~ BEE (vowel) UK &5 (nasal )y 1%
f#=%(posterior probabilities) (1) ~ AR #E 575 ~ FEINVVIEIIEZR (1) -

(=) LERESR

BER A R BOE B RROITRESCRrE T R L 5 (8 H RVEHHTE - SR
B g Eil B Prof. Sabato Marco Siniscalchi @ Ui 78 Ko aim - (£ 5] sme VAR
o EEHThR R A K BRI A BRI 72 070 o R L R TERE S VS SRR
PR T R SE BEAY bR - IR ZEAS SR AT USSR » AR ARSI L B T S A RE = R
MEES BMERIIES - bR TN SEE S A ERAN T BRI B S WY
il > ERTATHZEHIRMTas Snt & T~ SR - SO E B LR TS
O S BE AR AT DU IE - SIS IR R SR ST S B
{E0H] - B SRS W e A — A A - 5980 TERAZE iR - 53R E
FEEIEE T R AR T RE S B - 1RZ IR RIE A R SR B EE R b STy 3 SRl - 4
o ARHEEHY AR ~ BEHIDL R AERE - B R E AR BB (Y5 E)
R W DA TIFERE » FrA BIEEE 240 B A A5 BATE(LRVAIIEEY » 3
FTAHETTIASE VR A FTAH » SRPTALEEL A - RISV AR T AR &R E
2R - [ GBI R TAF EREbic N 2 S - —Bfda TR 7T LA R 58 Ry
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TERIHSE » AR 2 » B2l LAY SRR R Ry = R E 0 BRI s - 15
ATER < NMES R ERHTT - it AASEHERAES IR SR EAES
PRIRFAHBARC B - FER B TE R A RIEAVERE(L  E BT R ER
GESR T AERARY R B BRI BRI DU S KB AR R AT R - A
FITIESE » (B9 GBI SR AR RIS 2 > DSBS RIS Rl - AHRA
BF o BELfi E B S B B L GBS AL S S o e S AR E AL A
TCC300 & /&[IFEE S ERIE - MCDC & M3E S BRI ~ thihe FrBkiE -
DUR HtfE e s A et sl e 4
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