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A R BB 2 7F Bl AWy A&/ iE b o 85 % 1 5] 55 5 88 BB Y 3E 3% B 5k (speech
recognition)it i& B Y 52 28 © i 2 DLEE & BUGE % 95 7 (speaker adaptation and speech
adaptation Byl sKEEHE « {H 2SI AR (accent) sEEHYRE & WA SURE A AR - Kim
SRR R A {E 2R A5 A (phone acoustic modeli{T&ff » AR B A ER Y - A (R (L

SO VSRR - I T ARG LR B B R SOFRE g SR SRS -

{5 IR R (state tyingyid 5S4 (gradient tree boosting, GTBYEE » KRB H 47
ESERI > DR EREAD o DU EERE = kA

Abstract

Using speech as the input of the human-machinefaai, we need to consider the effect of the
pronunciation variations on speech recognition. \geally use the speaker adaptation and
speech adaptation technique to solve above proliletihe result of accent speech recognition
is not good enough. This paper presents a framewmrkombine two phone models to

reconstruct acoustic model. First we build accergeoustic model and unaccented acoustic
model, than we combine the accented acoustic mottethe unaccented acoustic model with
the state tying and Gradient tree boosting algoritilVe can adjust the unaccented model by
this framework, to reconstruct acoustic model aobust the accented speech recognition
performance.
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— ~ S

ATRHVEE S PR A S AT R E RE 7 (speaker) FiERE = (language) 1 [EIEREEES

(speaking style) FfEEREE (environmentfIgEiE (domainfYIER] - T] LAFER = Wk (E AR -

HEE PR EREANGEETEN AR T > SAEREEH - HEREEEAS KR R

HIIE S N R ILEE S W A4 > T SR ERCR N IV RRA T4 E1][2] -

1. FHif&SCHHE S 2 (context variability): sEE &2 |73 A& LU H I 2 » 15
K E—EGEEE TRE g AR ENEZESERA = -

2. JEg% F (style variability): FHEE S HRT > FLEREAHEMBEEHEE
CEAVEEES o BIEAERSCEAVIEUAELE - IR R RS o

3. FEEE T (speaker variability) sEE A A AESIVEN B ARSEEARAGINE
o BEFL - WA - BinE R - EEEIEE SRR ZENFE > ERAEMEE
HFT > R AIAT AR -

4. EEEHE (speaking rate) siEhiRE IR PNV S EIEE - EaeE R TRAVIHE
GiERCE i R EAE &y > (FERRReREEE -

5. AgEFIHIIE 75 (foreign and regional accentyaEFIMNIE 7 & Y2 B2 IS EEE 2 A
FERINEER Z — LR EEZ i (native speech recognitio)F A 55 = ¥Eaik
(non-native speech recognitidhRygE @ Ft A HEERYZE R -

6. IRIEEF(environment variabilityy HNEEE SENMEAN —5 » FERENE ST
GHMAE  BEEEREHES 2 - EENTREGRHHITERE » e SR HER

HE A R - IRITEEE PR RSV EL - AT TRERE® ~ 585 - TRENRENE A
GET 0 R ATy o BRI TR A IREEE  sEE - LN
sas B ATEEHERE L — - N IRESE® ~ 585 ~ LRENIREPRR S AP 28
HUEERS - PR - AT FeRbR BRI ERE R (B35 2 (accented speeahi)fi
I

= HHEAWTSE

I LS RN EE X EE ARG BN E » Sl S SR UENER - HRIEE
DIEEEM AE HRES 0 R 1993FE IR B HE= 2% (summer institute for linguistics, sil)
HEELEESHEHESETER 3] - DIEEERE A EER 65.96 » & 3EEH 10.8)% »
st 19.4% » JFR(EREERVA 2% » E—Fr o HA LR rEEE R TEEH 65.9% (HEIEE
o AR BRI S U BRI SRR £ E A - BRI (2008 I &
EEEE T ITA] > R EEE R B R R s AR R B s B e s E S B -
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G B RERE RS o
=R
19.40%

ERE
_10.80%

FEREE
2.00%

HAfh
1.90%

Eyf=Fcy
65.90%

& ~ BB RS

AR S LR AV RE - 8 DUGE & B0EE & 54 48 (speaker adaptation and speech
adaptation UL fig sk EE HE » H U R 3% 5 B B0V IR A 2 2 B T EA o R BBk
(maximum a posteriori, MAP)L ;7 5% K B] & M 48 M 28 B (maximum  likelihood linear
regression, MLLR) &8 F 41077 575 1R 5 58 & RV 8 a8 n] U —E RV BER > 28 AE
HA#E 725 (pronunciation variance) 55 77 5 M 2 sE & Hak B Pt i fy N

8 BEENEGSREAE[5][6]

IBM 2 i (i I 4% ¥ 7~ it (pronouncing - dictionaryJeei 3 A g s 2L 5 5 ik 25 (large
vocabulary continuous speech recognition, LVOBRYEE[7] @ =518 A\ JJELE AR,
FEFATHA] » ACE IS F I EIEPERGER - Mirjam Wester(s FI GGz s 52
AURARNIS] - RECE S B EEY - R T WA © B MY U574 (knowledge-based
approachj: LA Tl S B EUR AR - A e S BUZ MR EERr U4k + BRI BEEhHY
7734(Data-derived Approactiy i it S 53174 B 5 A - Toshiaki Fukada(1998}
RS ST HTFECEREREE AR T2 EAAN0] - et —HEShEEEEY
B 7E > BRI (neural networkK TR 5854 5 (alternative pronunciation) iif:
TRIZIELL R B S A 35 5 ol -

Yuya Akitaf{l Tatsuya Kawahara(2008F!|5% 25808 2 A - B4 sz
SERFEFEIVZERE[10] - (B2 Lty AR VA A B _E T SOHRBE & Z R B 58 5 i
o B GRE T EE SRR MR R A n 8 RS _E R OB B 2R ENY
Tk R T —EF ST oK I E S A - BT EE R EE R (acoustic distance)
& ZiEEE(phonemic distancef 73 i & 88 52 2 FrtE[11]) B ERVE 2 iEEEE A S IR
#f(mahalanobis distance)a (Wi & ZHVE AT 7 REERT M F R IEEEE 38 S T an L 1%
o MRS S R S R B Sy U - A R e R S
IS » BB 2 ZE R AEGHERERR © 1 = 2 R ZEEEE Y I T
RFEEZFFF SR EMAENE S - B EREEEEAGNEESZEE RS
(co-articulation): 74 Z2 kL2 ZEAME IS > LIV 2RSS EEMALL > 5RFE &g
RIS S R R B E RN i AS R -

Liu Yi(2003) 8% 5 8 H oy B[ 12] © 584 (complete¥ LR 77 (partial fi # o 5E 28R
TR (EE Ei(syllable iRkt - HH R EMEE ARG R FHERAVEL T » WEHR
YT EORER I © B s E H AR (initial) BCZ R RE(final)$E 3R 0T B - (EEIEERE
BEHER T ELILER L A SR sERR o B B A % 8 R S S A 22 (tri-phone
acoustic model) Bl BRI & (f 2l B AR EREA o ZXUTH(TE (2007 1 {50 A {1 2 17

337



JREAFERR[13] - i H AR B R MCRIA i > R e B AV s AR A > A AT E
A=A FEFETREN S B - EILE I (syllable lattic): WA A 4R LU EUAIR i
EERYTRMES TS - BURyaE& S BHIIRRCHE - M A B R Bk DL S e R T RE R S M A B 2K
i R EAE - Stephane Dupont(20088) Fy 5% 2 828 FL A <2 BIRIAT 2R 2 BERT G Y
[14] > 73 BT A& SO BREL R & SO R AR EAAEAY > B ple Shmtg (R A i T 5 FT A5 ol
A% 2 58 B - Annika(2006] i & 22 (phone)& s N L 2 R AE 2 F R AU S B A
FYIESLILS] + = i3 (2004)E IR 22 S nB B ERE 2 IS B HUZE R - H b H PRy A
BB H E F16] -

AT S o BB E D > A PRES_E PR RIRYRRE - LRI E M EASHR R AR
& o RS BB A1 SR B BT oy A G AR R - BEE R ARYER Sy - B AR
TR T = AT R A R (R HE R E W R B R B e i B e - ™
FERNERGER PRSI AER S HYEIRALR R LA - 45 T4

= RERE

Original
Acoustic model

i

Native Acoustic Model
Corpus Training

Sub-syllable
Pair Generation

........................ i------------------------.,--------------------
.
= S
] Auxiliary - :
Non-Native 1» Decision Trees »|  Auxiliary v
Corpus Training Decision Trees| !
:
.
]
[
.

Training
Phase

\/
' Combination
< _—n Decision Trees
Tri-phone ' '
L»{ Acoustic Model —»{ Conventional 13
Training Decision Trees |}
\/ H
H Reconstructed
H Acoustic Model
.
\/
Test Phase

A4
' ikeli Output
o« Extract Likelihood )
3 > Feature > Evaluate —» Word Lattice Squence
User

Language
Model

[ — ~ Z G E

(—) ~ Hlll kP& EE

FEFISRPS B e (e A EE R (native corpusied/llsR it ARER (LHY G SRR > &

R B E R = (E T B

1. EAWEERCE (sub-syllable pair generationy BBHERH E#L A (dynamic
programming alignment #fEEL A &L (baseformii = g &t (surface form)” fEfYRH
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& EANTARER EEEREOVERCRE - B A E EEC EHEECAE (pair sub-syllable
transcription)e E fELARZERE R B8 A T (human labelingdy 5= @ BiEs—
(& B e NS I B S aC b2 RSB S RERE R SR ) 1a s 22
R AW R R AT i BB AE 5 > B AT o

Non-Native > Human Baseform

Corpus Labeling Pair
. DP Sub-syllable

Alignment Transcription

Original Speech Surface Form

*
Acoustic model—»| Recognition Sub-syllable Pair
\_/\ Generation

&= ~ REEEE LR

2. EBEFERIE 4 (tri-phone acoustic model traininglf /) 4G e ESFE T 37 18 — JH 5 BRI
k1% » o7 pllEE A AR RIS L S R I B R SRS - DUT @0 Al W ek
S SR EEREH -
E&E SR 4R (decision trees training) i A\ TAEECHEE LA A Rif& KOS B = 2
EIEEOAE o AR HAE S TR = 2 H gk (tri-phone lists) R4 =55 H #4KF AR E
WL AN E G R AR A i B 2K F Ry )i = g S5 A (initial tri-phone
acoustic model) FF4X IR RIEERE R} e B — i S A AR (PR B2 A5 AL 3 i (acoustic model
adaptationf » FHJA = 2 E R B2 AU rR AT B i N RER - ERIEE AT R St 4k
(decision tree traininglK s/ VSRR E - [ERIRE 35 S FHEUE R A SR aTa) SR Y R RE
5 SR AR TRA -
st skt 6 (auxiliary decision trees training) = e E 1 & S 2H & S Eae
A HY4H I EEE TN > B DA—Fa a8 A A SRR B B S O AR P
HIsERRAH G » B DRI B - 7 AR AT A R b3 & R = i o B AR g B
H$% > #5 5 B sr e vini EEM @ S w)ie = s Bo B 2 A e S FiE
TR A M B ot -

i

—— Generate —— =
Original N Initial pair I_rlllt_lthPaw Acoustic Models Auxiliary
Acoustic models| Tri-phone R r';.p I\c/)lnz | Adaptation Decision Trees

Acoustic Models OGS Lulerels

i

Auxiliar
Tri-phone Tri-phone Beeisiem TZees
Lists Transcription ; '_ ;
Training

| — —
Pair -
Sub-syllable | Decision Tree Phonetic
Transcription Training Articulation
Feature

[0 ~ B s R oA AR

3. G ff s (combination decision trees)iE s bRl 2 73 il e fE 7 SERFIT S 4
RS PR RN B B b SRR R TRt 128 AR B P M AT A A 1 (R s > P
PR EE R AR

(=)~ HAEAPEE:
1. BEEERGEEERESE > dNEEEIVEREBRINREAR LA EE TG
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A EREVREZE > I BB S E o S pcEE HiE(frame) > 3 plIEE—lHE
FERRHURF SR AT 39 YEf R EIHRE (R BUS Rsh 2 DA R S 8L -

2. (FHELRESBEERSENARTARERETHE DUEEHE - A AT HIEER
TR A 44 (word lattice)

3. HMRAIFHEE S AN Faaldl s gt th— R B AS It Rt R -

(=)~ I

FERENL SRR A - RS R IR R R SR UL RO R EE AP B - SRR 2
YRGB R - DIdRIEREDEE(edit distancefdiE (ERApiE (cost function) Hlfz/NaAR
(cost)Z PRICHUR EE A SE TR IR R g 4ilites < T ERA (% > P EAGEAR MRS > RE
Gt URIEREER -

— A E Hi(sub-syllable) B i (Y EhRE R EIACE T HY SRR EEE A e LUE (RS el

% IREGEEGEREER (& o DL T ELEERRE ) RIT - WENFTR

;i |

%wﬁbdbdb@@bc%‘

2(O10] HONOI0]) (O] [OI0] [GI6)

7~ T EIL AR, ) AR S

DA S e Ry B AL (5 — % —UCHC > RIPRANGERE B g G o] RERY ST HERE (R A0 B /S FTo © fe
PNIE A TERR (AR AR R - EECHISER G " H-u 1 T —> T #HER
B sE R AT IERE (5 - FTLAZE —AH A HERE (R B8 HY -

Y x F A 2 |
wm@@@@@®@@@©@‘
oo @ [00]0lev]o®

BN~ - E A IR A

= E
‘Basefrom @ @ @

3 x [ 2 |
@3©@®©@‘
00 HOB(OI0]) (6] [©OI0) [OI6)

T~ TE RS R

AL A R EEERE(phone feature distanci)i s (M - & oiRig S Ry sd 5 iR
Blag e i R REERERRE B MR 9 SHER 14 R —Frn - R s R AR
PERE AT AR D RS - S Z BERERGE AR B - W SRR EE—HE R
B E 2RV RF R - AR 2R A S A R S O (DU AR [ 2 s SR A
LELPUB N =

[k

@F?
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kA BRI “*E%ﬂﬁ BRI

F_Central_a a(Y),ya—Y),wa(X Y) |_UnAspStop  b(“7),d(%7),9(K)
F_Vback a ao(%),yao(— £) |_AspStop P(R)M(%).k(F)
F_Vifront_a ai(%),yai(— % ),wai(X %) |_Feric h(),f(T)
F_Front_a+n an(gz;})/iz(anz);;v; nix |_Nasal m(r1),n(%)
F_Vowel_a+ng|ang(t),yang(—+i)wang(X £)| |_Lateral I(%)
F Vng eng(,.),ying(— £.) |_Dorsal j(4),a(<).x(T)
F Vn er:fL)?i/lj/rllrEEJ L:;)WVI\:(EQ()X | Dentalvelan  z(T7),c(%),s()
F_Front_e ei("\),wei(A \) |_RetroAff Zh(¥),ch(4),sh(7),r(&)
F 2V e e(d),ye(—4),yuel! &),er()L) |_Zero ini3,ini4,ini5,ini6,ini7
F_Central_o o(Z),wo(A T),yo(—<)
F Mid o ou(X),you(— %)
F _2Vng weng(A £.),yong(! L)
F_V yi(—),yu(l)
F Zero fin1,fin2

7Y - SRR
(—) ~ Sy EE RS (classification and regression tree, CART)

L Y REL I ER e AR G S5 th B ZX T RERY S 2 A > B yes/noHIHERI &
—{EFZRITEE] CART HUREETR: - HpfEE L ER AT R ZHFRERIIIEEZ
T - E L HENRE R B RO AR B A G i B R g 4518 2 R BHERE (5 - RS HTHERA (A
FEEMEERGEHAEN SR > WHAESEEFAREIL CART - SRR %
IR CART ACE (FH R AL - WK B S8 2 8 5 » —JLp0T 153 CART -

ERILSEARR 2% - FREGSHEE - EREEENTENZ CART » G £
TEHERG  GRERFERPEETR > RBEHEETSHNEESER - B REER
s (lattice)id - AR HAMIAI A (5 L E B M (confidence measurg@yfi {582 224858 P IS
DE R EHIERAS - HUR RS PERGG IR - BEFTERAE LR H B R A SERY
RAT SR OREE > SO FH AR R HE R EﬁhTﬁEfﬁ Fe Gt (frame) - 2EHE W RS R 2
i X B AGEEREES - B0ENF R M ER 1 :

_ PW)P(XIW
P(WI x)_ZP(W) P( X| W) 1)

(Z)~ oG mEE e 2 A
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BAPTHRE A ARG Ry T 2 o B2 A W ] = A B > Hrp— (82— Ry =
EEREEAEIR > B Ry {Hg sl (standard decision tree)ss—{ERIE B A EALE
(baseformid % g &itr (surface formit fERH (A — 3 S R ERAERY - T Joy a5 R ot
(auxiliary decision tree) {EL2 &5 A SRetei i 2 B 12 (o AR AR R RS o DR R s ik
AtV E A EL GO TR S IIRER > BT LAR I E R Be B 2 sy B AR I B R ital 2 T 7
B PR GOR RS 2 SRR - WS OF Z BERTRERF SRR M - AR R B T
SRR (tied-state)s (B E IR TR T - BUZ [ FIRB O il E RUAAGH B {H AR 2
TERIES -

1. FEZEM R

HIaEE s B IR B SR BB RIS S AR GERE - IMREGEME AR e
BRSNS IR > I0 ERAG R TR B R pR SRR H 5 R S AR -
ARG BRI B AR EVEIRRENCE - EANT AR R T2 RN =
A AR S H 8%

RS = A B A H AL IR AR S A R B )y — S AR EAARY > B

g-wa_wai+ng &8 FUAEEFR h wa By Z XA R ) 5 2R - AR HIERE &
T 187 FR (Baum-Welchifs S0A AR 1 — 5 A AR « i it — I ey R BRI 3 L)
fehIRGE oy LAY T REA - TN BOR SRS R R M B R oA - FlsE PR R RE S 2 A R oY

SR
2. oA

BATRHI A oAl & O R R Re b > R SR R e bR S e B )T -
SR E RSN 2 ST BRI, - BB AR (AR Z R RERETAL - ReAR s D ke 2 2
&R ) A P R Bl R AT A (S DA e 2 TEERL T 2R T S PRI EITR Z o M IE L 2K
RIE T B KRR R B 1 A R T B RO A ARG i (A s REE R B -
HIE L SR AR SRR BE AR & T S5 {18 s R SRt 2 SRR - T LR AR
fof 2 BEERE A2 A S E RIS R oftel - I ERE A 2 R N ILIRRRHRIA TR - #2
HlEha 0 EHERIHEERTR S - RRIGIREEAIEERE - B/ U2 & 008 R o
YRR ©

A&/ \F7R > b[SLZEar R e o b R 7 55 = IREGHYIR TR » 1 b_g[3EL b_p[3p Ak
JE ARG TP A ARG VAT E B S 4R \p\ ~ \QVER —RREAVIRSRASS - PRI A ot
Z BERTRE S PR ENE AT Z BERTRE T - BefPT o] DA R RES ST3-3 (AR AIRAA [F]
PR R ot 2 SEERE & BR(BIA ¢ b_g[31E b_p(3]) > [l ST3-2:f2 A B {TAal— (BT A
e SEETRL T OF o BB AR S OF o o] AR SR SRR SRR N S R A o3 46
{80 7 3% S SEERAVIB I AT DA -
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b6-p6[3] b6[3] b6-d6[3]

ADTP3-4 ADTD3-1

ADTD3-2

ADTP3-1

‘ADTD3-4

SDT3-5
ADTD3-3

SDT3-1

ADTP3-2 ADTD3-1
ADTP3-1 ADTP3-3

2.1 FEEERES

Ho o BN EE R M B SRS SRR B o B R A SRS SRS 2
A R B/ N e T EE R (minimum Gaussian distanc®) e » & W SR A a5/ R - It
N BTG By —4H o T B 5 BE R W B B EE R 77 202 (5 AR BN B 1S EEEf(Euclidean
distance) {H &k B {8 fh sk L 200 H B BEELAS Y AR BEl % o Bt AR R S ER R
(Mahalanobis distanced i v Al 72 ([ e -

EEERE H SRR AERTAEAL - et G B H B AH[EM S L sRis th iy W (S ZE 60 %L > M F
Ryl R SRS Y BEE A - FeMIPA N(uo)(RE S » Hrr p B9 o RS3R5RE -
A% G B H 2 A [EHY &R fi > B CARERE D(H,F)EL D(G,FItfERZ A [E] - HiZ B IR EEEEE
& G Bl H BHEE St - Fonik G'(u,0)BL H'(w,0) » Friy o (E B FLEU 5 R
HOFEEI9ME > BEEF G’ (n,0) B H' (1,0) TTRE & A 1H B 1Y~ S5 SR8 > 75 51 D(H,F)EL D(GF)
FEEEAE ] - S FM(E KL BEEE(Kullback-Leibler distance, KLDREf#E A -

HAPIRe i A\ S TEHVRH IS BUE 2ok X SRR SRR E 2R b - I DA A B
BEFRAK s> P(xp)EL P(xk) Ryl tHAEIRAR b BLIREE s Yo ffii > iEEHIRRE > 2 = lTE Iy
fliFr&ERk - AP -

K
P(x| b) = z W NCX L 2 i) (2)
k=1

Whk B w7255 K (EEGES | BB o M REE(E > EIN4E s 1o & Now « )BT Ni( +)
2 FAEEEBERIER R d(Nok( + ), Nsi * ) » BEef&RHIRRE b Bl s 7 e B ek =0(3) » H
REEE{H Wik /& Wok B W FY3FEFE -
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Db, 9=min 33 w (N, 0. N.O) (v, >0,1<i<N A< ks K) ©

i=1 k=1
N
Z\Nik =W, 1s ks K (4)
i1
K
Zvvik =w,,1<i< N (5)

59 > BAP A DURFEEBERY SR BB L - RHIRRE b = EE i i ELIRAS s ATl
S AlET R RERE > = EOAY EE R R R IR RS Z RV EE R -

.

d (N, (O3 N (D) (LIL Nai(3)
e %
.

[~ WAIRRRRA < BE R

2.2 JRRESIAT oA

Fo 1 FIETE R s A o) & O e A ot o > SO AR e ot - BBy

PRI AL S i AR TE - AR AT o3 i AR BB TS - A 'J%Hﬂﬁ ) /\{ﬁ
TGRSR T - BT EERFNEN Y ) 7Y \ﬁﬁ MEALEEREESEE T Y
Bl T =Y WoWEe - s LURE R A EER A SE Hﬁﬂﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬂﬁﬁf/\
DREEZR > S OFsE i G TR R R i - LURMHAL i A B IR G884 > IE
RF B B R TR E BRI T Y ) BRI - EAEISAE R o

B+~ EETE R R R E
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3. EiREELEA

3.1 BEREHTIT A

A S (5 IR R W TR (gradient tree boosting, GTBYEN A B 2 RI[17] - 1| F 55
fl(regress treef B —fE 45 1EE - GTB EENAR —ff metaji &% - B HFiTd
SHIRL TR > Rlah s afc i 1 T — R SRl Skt » R A4t ey a5 Ak & pHEER
BB TEHITHAE « BF R A e BRI B B

B B B X=(Xe X, . X) AT S S B RS SIS y 2
REETE R - {y, x ] BAAELE NSS4 R & R
FE o ERIISE R T MR [E RS TR h(xay), - h(x.aw) » a 2
o LG RREEE - PR S L R A RS (I AT FO)Th > 7
A8 20 > anet(e)F -

F(X)= 4+ A0(x 3) ©)

m=1

Horfr fm A1 am 5351 Fo'S65 mARRSAG! h(x, am) Z FEER{HELSR B8 1 fo BHEIREH - ATl
B8 am BT el ] m=M HEK i E(loss functionlf (y, F(X) T HLa/ME - B
BrEE ARk (TP

Y(y,F)=(y-F)'/2 (7)

HE NAGERE S — R 2158 m-1 BRI - e 2 (E R IIEREL Fra(X) - H s miR
TSV REEE fm BI2 B am HUE FRE(B) -

(Bae) = argminy (s (x)+ 61 x. 3) ®
BEITRAEER (x) =y >y AEEEIEERHER 2 S8 - (B2 A T 3
AREE RGBT EIEEAE SmEAZEL om © FTLL GTB 3 HIHRHEE(E Sm EIZEL om AW
DB AT OB RFHS - FERHE S8 om FVATEME DT - BAPIREE H AT Fra(QHIIEE
(R T3 (least-square erroRUKISAEEREIATOUE - 417~ OQFTK -

a,= argaming(g/im - h(x, a)) (9)

Ho Y B EEFREE(10) -

- 6W(yi,F(>§))}
= "
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RAFBS 8 Py, FO) I A3-21=((11) -
g/im =¥ |:m—l( X) (11)

B mBRER T E 28 am 1& FI1S EITEERL L o BT DA S 2] DAFRORE(12) ©

h(x{ m}f2)=2&ml( I R) (12)

R BFREE m PR 55 | (B SEETREAT 0 BRI » 1( « )EATMREL B0 RIZRL
VAR Ry L ey, BB E AL T LSS m PR R S | (B ETRLA T R
BRZPME - ey, B RO FTLREE(E fm AT DLELEER RS el U 4R 1
FEAGTL AR o NEEHAFT o] DIS2]— (R ey R hne=tan F=U(13) |

I:m (X) = I:m—l(x) + VLZm ylmI ( Xt Rm) (13)

I~ BREERT

(—) ~ Ehasbrl e soe
1. 5Bk

s thE BT KRR e B MBI - oy T & 6B RIRE ZER L ZHIRR K
MEHT#REL > 3£ 4,413%) ~ 31,029 Z 61 - FHAH SR =B i B AT > BUgI A b — (@ 12RE
$t 700 R M R SREEHS) - MRE = MEERHE R HIEEER » HAHRE & AR —F -

= AllREE A EE R A

3llEEER HeaERt
8 700 4,413
= EIE 4,480 31,029

2. PrEEEOE

P ey R AL 2 TCC-30028 5 JEEE RN SR T Ak - TCC-300/2 HE T &8 REE
BRI R BB 1T AT s R B4 300 A\ SRELM AR, - 48Ry 8,9134) » SEE SRR HUR A=
B ALATE 73 Al By L6KHz Bl 16 fi77T - (A BB @IA& R E2HY HMM Tool Kit (HTK) {52
A FIleR TR - Hi s 162{EICEEfHAY » Hrp a5 38 {EFRRIMEA - B RpH AV
TRAE AR ER RN [E] - 73k LI {EGMHRBIAE REAY » AR =FrR » 2A 11 {EE 25
R 1 (EREE A P FH VR B e 2 08 39 YLt IS 2 % (mel-frequency cepstral
coefficients, MFCC) & ZHEA/NEy 32ms: {i7f% & By 10.625ms Z e EUEE 2 B 16K »
G A HUEDIER: (cepstral liftering)-
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RV ~ BidEs B ESREE T < shaRR
System Ins Del Sub Error rake
Baseline 8.26%(5461)3.75%(2360) 32.86%(21707] 44.71%
MLLR 6.35%(4050)( 2.86%(1826) 27.47%(17531) 36.68%
State tying 6.47%(4203) 2.3%(1541) | 26.8%(17405)| 35.64%
GTB 5.91%(3756) 1.78%(1334) 23.86%(15144) 31.89%
GTB +State tying 5.57%(3512) 2.28%(1437) 22.6%(14233)| 30.46%

RIS EIBRGEEE » SHHAEER (LR M, - B AT LB T MO B R 2R
BB 7 M AE e (L S A ) SO BB - BB 5 A BEER I AL -
AT RS B IRk R R + 7 FI A GTB LA A
UL o — TR R T B (OB 3% (R DU R P97] DUB - Baselinesi MLLR
iE R HIREERATR S R 44.7195 36.68% 157 B SR FA R AET S BLR AL 1
Fiik » HEERTRSY I By 35.64961 31.89%- AT PIFRGAE A T IRAETH L ELIRAS T - rsH
S T 30.46% B MLLR J7iAHLsE » /0 T 6,229 » &R 4427+ T 16.95%:
P TTLAE o SR LaE U A SRS » IRAE S ] DR B AR -

AR W

A e 2 8 DURSHIR G By . 2 o BRI L W ] = 2 S A B2 AR - i W (A B2 AR A 7y
By = AR > Ry AR LB S R ey s B A IRMHEE BB
BREEE Z rEEAR B EIRTE ZRRET > Z R IATEERAY O R > WSRO Ry T AN
P55 FRRE IR R A B A B AR - AR AR A A R Ss - P ARG R A A iR 2
A o QLA TR AR R AE IR R 18 2 IR R I 5 1] DAk D SRR DURR T 2B

AH5E H iR 5 e s A BB A e AHE R (beE - BRE RN ERZ —>
AR R ERERT S B AR B & DU IIpEsEsa Tz HE - BIM5RE
o A P RE R o ML B S SR RS -
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