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BEREEMELE ntht) RARFE RS A BRI AE T8 38 R BaE
o fan A4t B EmEeeeREeERA TMUAARESELRM - Bl &
SUTRAR 3 IR 4 A 4o 3t B F ALK S e R g b A4S A 45 8 T 39 (Moving  Average) X 4
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1,4 8 $3E L 91k (Automatic Speech Recognition ASR)ASH A BT MR R T T ERE
BRERBET  TEAFRFOIRER 5 ZRAEZETRAFATRIRT AL TR AR FH
R EeBE o %R IIGER B R IR BT A R B A T E(Environment Mismatch)gy £ £ > 4543
RS PRRAE KB B MK IR ¥ A B £ @45 F # % & (Background Noise) ~ #kF 2k th A & &
A By esk g 2% 1 38 2UfE (Channel Effect) % o JE B 4o b 0 35 % 5% 2 (Speech Robustness)#; 47 & A LA &
—EMARAEZHARFAD EERAEZHABGHMNIEAS ST HU LRI AEN L EHEE S
WRIZIAE S DRSS TR W E RIS AR A T B e B R I3 F IR R
BEHBMSEAG BN EMRFZ AP

BT FEB TR e T is 5 A — A - (Dilﬂﬁk&/i":’"‘ii(AddiﬁVe Noise)Fv(2)48 #
M 2 & (Convolutional Noise)  fom P & A4 W B Lok > R E LT 58§ UL Mk
(Llnearly Additive) #y B 14 B) B AR WSk i & 0 5] do B 3 A R 69 B F R A M B3R AT B ey
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B— - T rER
B G RBE R EE o R R T RIEASER T HN BT MR TEAE T ER B — A
BEREEAMOEZBNRAA T HRFERIET &£ B MU BB AT E MR
B BETCAFSHERDERY  RFEFTEFORE TS AR T = &[l] :
(1) % %163 47 (Speech Enhancement)
B ARRAZENRAS O E » BFRBRB I MIRER AR —F A% LR
48 B (Uncorrelated) > # ¥ 4E oy 81 %X 2| 9 28 3135 5 (Noisy Speech) & & # $2.7% 35 % (Clean
Speech):U3E o % R, 449 $47 & 48 3% )4 - /& (Spectral Subtraction, SS)[2] ~ 4 & & & % (Wiener
Filter, WF)[3]% -
(2) 3&4& M35 & 454 (Robust Speech Feature)
HEBERRFPHERERAR LB RIRFTEMRENBREEZTHULE - FAOK
M B3R 3 34 3 & 7k (Cepstrum Mean Subtraction, CMS)[4] ~ 48|38 3& it #7416 7% (Cepstrum
Mean and Variance Normalization, CMVN)[5]% -
(3) A48 A 28 18 # 4 (Acoustic Model Adaptation)
#8120 2 0938 835 (Adaptation Data)38 ¥ o 37535 5 A7 9l 4R M R 09 AR F a9k %
o S E 0 ho 344 & & (Mean Vector) 2, 4 4 & 48 M (Covariance Matrix) > #1¥ 3F 814 &9
AT LGE A A IRIE 0 AE R R BRI R o 7 AOBHA R RFRMA LR
(Maximum a Posteriori, MAP)[6] ~ #& K484l & 4% ME ) 5% 7% (Maximum Likelihood Linear
Regression, MLLR)[7]% -
WX PR R R R B AR M F AR o B AT 0 DAL 4 0 K (CMS)
Ao el 3R 3% E AL (CMVN) 4% B 32 09 & Al LA 70 s TRE A sy RIP PR - o3l R
HHETHMEAME M EMoment) KA F — M EHFE M ERITERIC-BR I ERS
SRR RA] R R AR R TR A AR KA BN IR K B eh 4k
A RA R B 5 2H T RXREF L FEOMHME T & AERRRRE TP EHETHM
LHAEANKEEH © G4t HB T M ARG E =) £ BITERLR[OIHETHHME
YR B £ EITERIL - SSh AFRTALHE T AR ELGREF CATZA FO4%TE T
7% (Histogram Equalization) J& A 735 5 $#:3[10] -
BB FILER T RAEFCERINKFBHAMRBHZZTHUSHGFHH P E R HZ
g BB AE I REE R RIRGE AR5 B A A8 B e S st o i A 0 H AR R 3 o KB R (Test
Speech)#y & #& % & % #(Cumulative Density Function, CDF) #} & % e 3|4k 35:#}(Training Speech)
i 45t R 84 52 44 (Reference Distribution) &) & #% % B ok $ > 35 by )L UC B s 33842 - FKIR13R
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FRIGRER AN RER TP EMERATHFERCERAR L TRERTERT 431 E F51L
HRIPPRARA RABOF B - ASE[[12]F - RERBSRABFILEIMESEEESEE
1t % %5 (Vector Quantization) » i @ J& A 7 -8 X 32 & 958 (Distributed Speech Recognition, DSR)
P X2R2RAAGHBEEANMASZZRER AR AGRAERELSILENEH BRI ET
B R A S 5 F k. E 1L %k A (Quantization Distortion)# ] 48 o

BAGIE FILELFROHMBZGEANI R RIMAAFSTRA ST flwE Xk
K %3t B % 1t/ (Table Look-Up based Histogram Equalization, THEQ)[10]% & 4% it A 49 & 44 &
BACEE Y TARETHIRTEREE BERA RTOMHMERR RGP TEKRD
8% R LB B i B E R E EHREEAREWLRMEER MR EITERABBRORES
EHEEFR ; Xdo 54 £ %31 B % 1k75(Quantile-based Histogram Equalization, QHEQ)[13,14] » # #&
HBBRAFEBERE > REMHER D EWH BT RATEEF RS- FRIBRE
) fe AT IR B AR AT > oL A F] A A% X 44 F(Grid Search) Ak FBP i€ H RIS - BILAT B oI R
EREHGRLRAE TR -

o EHUB R 0 AR R H A A $d s A (Data Fitting)s9 8 A R & B AT B K #ey i K $
HBV BN EAXGHAS B RBWOER  Z3 EF st B F1uikia R ey iR o Fird
TR A7) LA A A5 8T 390k a0 A > AR B FAbi Az o F b AR R R R R R o
ARXAEEE R T F_ERNBERELAIX B FLEA LA E FLE F=
FRINBRIEB S G E FAR AR LA S S Pk A B E AT RS
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BANTHREEFETARAELFGBRE Ol R T HAROHEEERLE 22K EY
B RABRMOPBE BRI EAEEZRERKOEBACHAREVNKRAEL b—BH > B
BRI FFBTE AR RBE AR —FR AR EZBRY TR R A — AT HN T3
FT R IR R BE W ko B —p7om 0 b B S B R R 4 R AT 3003 3B F e AU E 1
Xeh B4 EARERY 5 F BATE o R BRI B R UL E T RE TS X S L B
FRAE SR F AR A A Y 2 5 B ATAE - B R A 28 5 % R AF A 42 # 34 2 (Log Energy) »
¥ 345 A JE & B 4 (Mel Filter-Bank) # & 22 & # @ 18] 48 3% 1% # (Mel-Frequency Cepstral
Coefficient) - g [ ¥ T KA AR S04 18 H ik o B T390 Xk REHER ERILER A S
SRR FRF] > TR G H AT AR AT AR TE R R AR IE R AR - Bt
BERFATSZEERBEED ERAMBIIFRBERAENER L PR B FLEAAEFTREE
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KRR I k2 —[10][15] > T @ % & 4% 5 4 4 5 & X 43t Bl $1075(THEQ) o4 £ 4431 B
F1b7%(QHEQ) 89 & 3 14 & 77 ik ey 4 B A B2 36 o
2.1 &3+ B %4tk (Histogram Equalization, HEQ)
st B FACEBCER RIS 4 LB T H RSB G oh @FlGE R B T R A B Rt o th
(R SF 54) & — By 0 25 LB ATECF A 6938 5 B 305 30— AR @ #8198 3% 14 B (Mel- Frequency
Cepstral Coefficients, MFCC)f & » 43t Bl 5 4b:5 =T IAVE A 2 3 30k B 0% 25 428 i [16][17][18]
R AN A AL A B [10][19][20] £ « 43t B Sk ik £ A4 T AR A 2 A A — 18 830 % B
(Transformation Function) » st BLAEHERIRIE G BT B RO ERF—ENKT s Hh o R BIRE L
AT LAINRIE S F R RIFOHIESE 6 B2 XM 5 X E w40 F19][20] @ B3k x A RRE

TREMaENE B AH > AR A FEE E & # (Probability Density Function,
IDDmm@’ @%ﬁa%ﬂ)T&WT%%ﬁﬁi%x%#&ﬁW% BT EE G y 0 3
B3R P (0) 82 prog (x) A K(D8 Bl -

d PANY: (Vo
pTrain(y):pTest(x)_xszest(F l(y)) (y)
dy dy (1)

#od ! (y) 2 F(x) #4 i % # (Inverse Function) > 2 E ik B 4 X o4 B & 4% % % B &% #(Cumulative
Probability Density Function, CDF) &) #7 2 % i Bp %

CTest (x): f pTest( ')dx'

= P ) Wy o

'y
= E/OO PTrain (y')dy'|y:F(x)
= CTrain (y)

Hb Cry (0) A0 Cppy (V) 5 51 B RIRE G Fol BB R 00 AR T E S8 ) B4y 148 5 3
F(x') %4364 % > mrotdhia s F(x) € B4 T o450
F(x) = CZ_'rlain (CTest ()C)) (3)
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B BEEAESEA B 4H B (Cumulative Histogram) 2 451 B 4% 28 B 5 8 o $HFT A 9 43E 4
ToOEETRBMENE -4 esstl —BEEABAE  ARELERRATERT A ES M
# (Quantiles) » BB »f £ & M % A& M AT A 45408 69 F 39 3 (Mean) 0 & 3% 3 £ 89 X R 54
i LR NTHA REFEHIBGLE th - HARKEYEZ T HUA NG —EERRA E AH
B3t BRIESME > BEHE A B R N EER AT T S R — TR
HEBAR - —RETHAEAEERY T XET B8 RERTXLESF 4B ERATEE
o Blheiesik | @R A | 8% 0 £ BT Fb(Equalization)i@ 42 5% - HF A7 A RAE B
B8 LA H 18 4T & & (Table-Lookup)#& 4% - & T#% & & & KX 43 B % 1tk (Table Look-Up based
Histogram Equalization, THEQ) - 12 £ 5 & 4 7 843 5] R 47 60 9438 % 12 7 80 5 fr £ 1 $OR T &
Do PREAFHERENCEBEMLKAKETN LHARTELAEHRI LEILER VL
AL FuER
2.2 44 £ %3t B %1b 7% (Quantile-based Histogram equalization, QHEQ)
Al — E AN E & X 43t B £ A1t A — I 2 $(Nonparametric) B! 48 &9 43 B F 1% > /A
B EALEER R ABARIFBAE G ) AMAT BT > L& FERAEMESSE > £[19][20]F
Rl — A M B £ %3t B £k > HREE S EG B E— % T A A — e 2 3 H (v)
ETEIEHE  HERGRE T

fﬂﬂ:QKﬁ{é§T+@—a{é%ﬁ (4)

Ok Bt — B EME > TFEEOEZ T AL —EBFUERTRARNFUME: afvy HBRBHSH
BHX) A EHEBTHARG) RS  EFLEOAAHNE— QB ARTELBRET T4
HE AL 8] 3B 8) 91 B -4 AT -4 £ AX JE(Quantile Correction) » A K43 & 69 580 > AR EE4E R
LA F N 3% £ (Minimum Mean Square Error, MMSE) ik #47 » T AF| AR KM F X B —KREH
Mo Foy RFEHBBRAXNS) Kbk atoy -

=4

&L7}=mggg{§§@7(k)—Qﬁmfj (5)
E¥ K Ao £e9B8 5 O AFEMIRE G FE LB £ BEE 5 OF" AIREBR AT 43T
hey st E kB EME -

L E Gt B EEREaXO)HERKF Loy > BEBAA KD —@IEREDH
Fo — 4B 47 Mk of BB AT Ao P34 (Weight Average): 5. 4f 323844 8935 S 5 M A B 3t e e £
o AR TR B % AT AR MY AR IR R H Ay > Ty R R ATHAE o 124t
BE-HBREOHLEHRO)REFFRIREN SR afy  BRLAFEERDHRERE
oA A XM F AU AT ENYT -
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HERBFEIBOEIB Bh VWS BAXIBA S A GHOER  E2 A4 E 1L
AR R A R [21] 0 BB SF Rl LT

3.1 %X A &3 B ZEIE (Polynomial-Fit Histogram Equalization, PHEQ)
BT — BB (u,,v;) 2B oA —18 & BR 4 R JE % $(Response Variable) v; $ A2 4% 4 $t
(Explanatory Variable)u; k44 » i@ ¥ T4 F 1@ 67 82 A (Regression Model) & & 5= » 34 4] 3308 5748
TR RMBEAEAL T u, LT > ARy, TR AT o B F @ AKX Glu;) TR % H
(Coefficients) 4 & 7K F] f & % A M RIFGMR X, 0 3B Glu, ) b eh B2 F A, 09 B ok
MELE > — AT H A/ NREEF FF (Minimum Sum of Squares Error) k4% » &5 2 A u; o
BRI AKX RAFGTRREY, o B RBRAME y, (R 2B F P LAR/ D BFEEHEHF
AL A PR TR R e S IR IS ey B AL 0 ohiE X T 4% & /N 7 1@ 87 & (Least Squares Regression) e
1B3% Glu,) 2 M ool st %38 K, % 3

Vi

M
=Gy, )=ay +ayu; +ayu? +-+ayu = Ya,u" (6)
ag,ay,....ay % % 38 X 6943 (Coefficients) » RIFFH BB EFH A E> R A K

, N M 2
E°= Z(vi - Zamui’”) (7

i=1 m=0

B3 AT A RFEF 52 EMEE [ LR KOIHE A ZAXBS4TE
% 4tk (Polynomial-Fit Histogram Equalization, PHEQ) - #7394 E R T B M b oG — %%
THI A — 18 AR @I & SR Y, B RS BOAR y, HE 6 R E M Crr () B AR
g3 AX(T)TEMETA

M
G(CTmin (yl )) = yi = Z_:Oam (CTrain (yl ))m (8)

FTHBEFHFLE R ES
N

E'z Z( z a (CTrain (yi ))m j (9)

i=1

HF N BINGRENFAHAA FAEFrame) B > B EEBREFF SR BAA BN GR
ag,dy,....dy g /%/iik(l())é’] l%ﬁi% v RE B AR iﬁ%ﬁfk‘ ’ EFT/T(/FI.aOJala Ay L -

aEvZ
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b S, () B — 8RB Ry, RO TAEAIS TR E N B TR AP A
HEARMB S o RIS TA R XD RFrr A kB EREE & BFHAKQ®)
F(10)R/F BT HE R E HBUMEGE APEME RESHAREHETHMAETY
Ay, R R AR BB A Oy, ) RSB AT e sk PE R R A3 % 38 KB (X))
Bp T 47 AL $)1F -

o R SUATR B BIBR A OER 0 B A B AR R AT B Sk R o £ 4B £
EEHEBMA TSRS RAAET SEE ST R EE8 0 BeY S0 X AABR %08 X & B
BT AR AR LR AU ISR 4 B R LA B — e A E AT ERIIRE S TR A
WFey S ot 0 3 BARHEA o 403t B S 1bik AR B ey M A R -

3.2 R A7 LAF A 8 T35 (Moving Average, MA)

ARG B FAEHN BB R MR TR E AN FRMERAABL AR BAFEENHL G
#8145 4 (Non-stationary Noise)ti% 1%, # 3 % 1 4(Sharp Peak) &, (Valley) - T & i i fs %16 89
B2 P RS KA F D RN W B AR o L 0B A % R
B ALK AT SEE 3 SRR A O B 00 B 4 G0 B A B st B S AL R AR A0 I3
BB B S RS TH A RE AERRBE R BT F OB AMRE G B S
St BT 1 e s R LR B

B8 T EZEIROMEL > A2 IR 612204 A B H T L AR E —
#4524 %) & iE #1b(Feature Normalization)#) 7 ik » % 5435 T 450 %) B 84773434 % 7 (Mean
Subtraction) o # % #t I # 1t (Variance Normalization) » % % % 41 i & % i@ 4 % % 2
(Auto-Regression Moving Average, ARMA) #4545 %) 2 AT ERAL&I B9/ HERERTETH S
T3 6 PSRBT 4 B o IR A By T B 3 S B B0 1 b B
ARE > TAE T 5 A E4222] :

® kR F B4 4 % 739 (Non-Casual Moving Average)
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n Zz —L y [+l

YiT) o 2L+1
¥, otherwise

ifL<t<T-L, (12)

L] R B 14 B $38 §7 £ $ - 34 (Casual Moving Average)

L

IOyt’
R RIS (13)
YiZ) L+l 4

b2 otherwise

®  ERE Rk B #1854 5 F ¥ (Non-Casual Auto Regression Moving Average)

z,-L:1 y (=) + 25:0 7 (¢+))

Yi= _2L+1
¥, otherwise

if L<t<T-L, (14)

o R B 14 B B)3a 57 £% B -T- 34 (Casual Auto Regression Moving Average)

Z, 1J/t i) +Zj oy
Ve = 2L +1 HirL<isT, (15)
¥, otherwise

Eby AAZEHME > ) ASORSEFHERRAMGBERBME  LEATEHTY
78 % 2% (Order of Moving Average ) o

33 4T R ELBRGHBBE TR

AT LB R P AT S B P e kSN B RARE T BB SR Y S BREER
FALRTH FLZ R AR BASHATHERRER AN HARFLANBRELE
FR AR FHET R B FILEFRE FORRRLE | EMEREARBZTERBATA R
AR 0 B ST AR A hotE P RAEE L — B R HER  HEXw X167 - SHMERS
MEETHEE Y, =), AR TREGHRE  REY BREGEATRFILLG TR x
WA A £ St S FRAC[19][20 e S IR AR - e H B o B eI RS
B P BT — PR

¥, =(-a)xy, +axy, (16)
Vi BBRANBYMME ), AMAEENEME  aBHERET R TTUARAERY T L
P o {0 UBRAFR AR 0 FT A BRSO BARE RG> REFTE R A
'FZ

N

E'= z ((mesy(z) yClean(l) )2 ) (17)

i=1

B F Vi) HREHEET F i EEAEL G X(16) RIFR M OB Vseanr) HFERZ AR E B
B TedX6)RFayFaE - eag i%%%vﬁﬂﬂ%é%ﬁﬁﬁﬁﬁ¢’%7ﬁﬁ§
2R £ Ay B ¥ 694532 (Outlier) A7 % B2 » 18 % 69 #) B P48 & (Threshold) 4% & % 45 B HEFRE & 4B

ZHy e
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P - 15 6
l e »AAENE
B4 A B A SR it
Ho 1R 8 !
l y, $EKX 2
J -
st B F1uik Vo AR khmﬂm
v i N - AKX DR
R R 7] 45 1 4E T35 \. G(c(y,))
l j}i CTest (y Test (i) )
LG B BE - %9840 0 %3 B 2k AR

4. B tH

4.1 ?5&’:’1‘%7&%@*" 74

B ATAE A 09E K B Aurora-2 & & 8W E 12 42 £ ) € (Buropean Telecommunications
Standards Institute, ESTI)PF47[23] > £ A5 % — *—i?/\ﬁ ey R XBFEN - ARG
B ANFE R IR B B o R PR E e —AE R E A 6 3B o Ao R MR F 48 M35 (Airport) ~ AR
(Babble) ~ 5, & (Car) ~ & % & 48 (Exhibition) ~ éE%(Restaurant) ~ 3T 4% (Subway) ~ 4718 (Street) &
K & 3k (Train Station) » B4&X R [5] 3% L (Signal-to-Noise Ratio, SNR) & & ho A 2275 6938 & 32 » 3%
bb 6,35 20dB ~ 15dB ~ 10dB ~ 5dB ~ 0dB #u-5dB ; aaaBREEHA AT —EEE
-G.712 Fo MIRS ° ARIFRIZRZEA P Ao A\ 238 38 AR o s M FE X AEFAR R » Aurora-2 o % =
#A3X 2 48 Set A ~ Set B fv Set C > Set A A 2 3L a4 54 302 /B 4% 4 (Stationary) 5 31 > Set B A & JF

#% 1t (Nonstationary) 3. > Set C I 7 431 $2 JEAS M 48350 > B4E A SN REBH R B o9 BB HE -
Fe B2 H A (Acoustic Models)#y3% & @ BEE FHEA(1~9 & zero fv oh)F i —Ed £2| 4
(left-to-right) 75 X, &4 i& 4% % 5 & KX 5 7T % 4 % (Continuous Density Hidden Markov Model,
CDHMM) %5+ » 9 @4 16 Ak fE(State) » 3 BB AKERFA 3 185 IR 4 514 (Gaussian
Mixture Distribution)#% 5~ ° B M35 A YA L » — B A (Sllence)a‘?—i A= AR

ARAE AR AT B 4 B4 IRE RFAFFE 0 5 — 1B A R Bk(Pause) A &L 4 BV & - Ron3B 4 N
FRF2EEYIFE 0 LA LA INRE KGR T A AER HTK T A& 4
[24] 7 AR -

J£ BT 3% & ¥ % & (Front-End Processing) ° AX AR TR AR ANERBIEEGR

(Mel-Frequency Cepstral Coefficients, MFCCs)1k % 3% 5 43 #x % # > B4k 5 4E & /& (Frame Length) &
25Z %) » & AE M #E(Frame Shift) 5 10& 4 > B EFTIEG B RA UG LT E P @45 1248947
BB BA R — 4y $ 34 2 (Log Energy) » FIBF @ #1345 8 S B A Aa 0y — 15 £ 2148
(Delta Coefficient)fn =% £ & 14 # (Acceleration Coefficient) - it B 45 /742 64 % 38 X 2 & %431 B
HACEAE R A BB SRE A B £ SR A E o R AT R IR o B BATR



k— 5 BXBEOLT B FETFHFHEAETTRER

3K R
3 5 7 9

FFERIIRE A ¢ AR IIREER 22.39 21.54 21.08 21.30
(Clean-Condition) | 10004 | 2080 | 2146 | 2113 | 2116

""" 100 2268 | 2131 | 2075 | 2055

w1 B4 L 220 | 25 | 34
HEEBINRBEX | ATA INREH 10.80 10.34 10.43 10.54
(Multi-Condition) | 1000 | 1048 | 1032 | 1040 | 1045

""" 100 1073 | 1045 1036 1045

"""" 0@ | 1165 | 106l | 1079 | 1158

41 3 BAXBEGTEFLETR

AXFE—ELTHRAAA S AXQFBUR LS 51509 RRE RSB HFY - RIRHEAPTA
D4RIBH 9L F R R ) % 38 K, P #(Polynomial Order) ¥ 7> 5 8% 9438 AE B B 4 Rof - L 4%
o 8 B HGE dB AT R DI RE R St ok e R AT E R 0 A AT E ATEA a9 o el
(Histogram Bins) é1.45 10004 ~ 1004849104 » 5 — 548 % SA 48 19 F7 A 45401 00 T30 B B 2 ik,
R PUE B E B R F) % 3(Orden) 8 % 18 X 4T 2L 81 - k4 Rho & — A7 RN
2 369 345 % A T3 5 44 3% & (Word Error Rate, WER) » & d Aurora-2 ¥ = 48 % 5 8% 44 (Sets A, BR
C) ¥ 7 F) 37k L (20dB £ 0dB) & 93k 4 R w48 T3 ™ 43

BAFEZ W 0§ %38 X PS4 R4T A (End Behavior)#y 4514 > 12 B3 3wy % 38 KX T 46
BIRHRRMEE ARG RITAHGHN AR AE BEHEHOER bRk —THEED
AR S AR A eSS B REFAMRBASAY RATHGSGER > T
B S ARA T ERHES TS HY MR AR S Overfi) gy 5 5 Rtk R AMA
DEERRRE S ARAGET €A BEEAHHER - R R TR 8 % 58 X585 AR 1005 4 40 8
EBGITE A BESOIRRER > BT A AE A M $AREHF T RBER TS 5 A X85
3B S o 1h AR 1004869 B A5 43T B P St mAT e
42 BREAF7] LR BEAS G FHZER
AN RS B TR NI G R T R R PSRN RN MRS
AW R R AT - FIRE Rk —piw » RV F R 2R B AEA ML G T3k RS
ARXBAUH B AT THUOPARAREARBEN T L P EBH T YA A7F
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F 44 3% % (Word Error Rate, WER) # & -F R
0 L2 3 4 15
$27%% . Non-Casual MA 20.75 1 17.75 { 16.83 | 17.26 | 18.15 i 19.66
#34R | Casual MA 20.75 1 19.23 : 1828 : 1744 | 17.12 : 17.28
X Non-Casual ARMA 20.75 1 17.83 | 16.90 16.38 16.99 | 17.34
Casual ARMA 20.75 1 17.93 : 16.84 : 19.20 - 17.44 : 19.20
# 4% | Non-Casual MA 10.36 i 9.88 9.88 {10.24 : 10.94 : 11.69
IR Casual MA 10.36 1 10.13 ¢ 974 + 976 : 9.78 : 10.12
P Non-Casual ARMA 10.36 : 9.88 9.78 9.84 . 994 : 10.11
Casual ARMA 10.36 | 9.95 9.71 | 10.84 | 9.76 | 10.68
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WX AR 8 S IE XA S B SR s e ERALEME R 2 th i

FI4F4%E WER(%)
Set A Set B Set C 3
$F BN MFCC 41.06 41.52 40.03 41.04
ddmX | AFE | 3869 | 4425 | 2876 | 3893
S CMVN | 2773 | 2460 | 2707 | 2637
 MS+VN+ARMAG) | 1838 | 1614 | 2181 | 1817
- tEEQ | 1972 | 1857 | 1924 | 1906
~ QuEQ | 2353 | 2190 | 2236 | 2264
___________ PHEQ | 2098 | 2017 | 2143 | 2075
 PHEQ+MA | 1683 | 1510 | 2002 | 1678
 PHEQ+a+MA | 1619 | 1517 | 1972 | 1649
HEHE MFCC 14.78 16.01 19.33 16.18
s | AFE | 1064 | 1076 | 1285 | 1113
o CMVN | 1270 | 1245 | 145 | 1298
| MS+VN+ARMAG) | 949 | 1037 | 1006 | 995
~ THEQ 1002 & 1041 1034 . 1024
-~ QuEQ | 1020 | 1075 | 1076 | 1053
o PHEQ | 9091 | 941 | 1314 | 1036
______ PHEQ+MA | 941 | 953 | 121 | 98
""" PHEQta+MA 915 908 115 960
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% 4% P #51% (Stereo-based Piecewise Linear Compensation, SPLICE)[25]:# 4T & & o 1248 7] M 45 4434
Bk &R AME A B G M 47148 %) 5 7 (Heteroscedastic Linear Discriminant Analysis, HLDA) [26]4v £
& A ABASLFE 47 #% 3 (Maximum Likelihood Linear Transformation, MLLT)[27]3t Bk 1 ££ 45 R # ¥
RS a b2 g 0 A RBARAESA B RS ARPAREE P F B8k 5855 8 4 (Discrete
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SetA | SetB | SetC
#$3E8 | HLDA-MLLT+CMVN | 2163 | 2137 | 2159
S04 X | HLDA-MLLT+PHEQ-MA | 1598 | 1596 | 1591 |
_______ SPLICEACMVN . 1634 | 1495 | 2118
SPLICE+PHEQ-MA | 1340 | 1341 | 1708
MAH% | HLDA-MLLT+CMVN 9.49 9.51 10.40 9.68
44X | HLDA-MLLT‘PHEQ-MA | 906 | 887 | 855 | 888
©SPLICE+CMVN 1040 1100 1380 | 1132
 SPLICE+PHEQ-MA | ¢ 954 | 1088 | 1218 | 1060
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