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Abstract

The performance of speech recognition is
degraded by the mismatch between training and
test environments. Many methods have been
presented to compensate for additive noise and
effect in the cepstral domain, and
(CMS) is  the

representative method among them. Recently, high

channel
Cepstral DMean  Subtraction
order cepstral moment normalization method has
introduced to improve recognition accuracy. In this
paper, we apply high order moment normalization
method and smoothing filter for real-time
processing. In experiments using Aurora2 DB, we
obtained error rate reduction of 49.7% with the
proposed algorithm in comparison with baseline

system.

ZlNbe g &t el WEAelth CMS B
Y 9gddx ald AL ETUsE DC AEE AA
AEFoRA A = "*011 | uzstn FHggel 4l
3 EAE 7FAA &} Cepstral  Variance

Normahzatlon (CVN)° e Aarst fej‘ofé"i GRa
SAY BEEEE 94849 eI A @
[1]. H2d& °J°" 7 Fegd 288 /‘}01%2* 5]
& 2437 Yl 33 BEY 2¥c 5 23 29
EZ Agstsias ol AkEiAcH2i3] i 7
&9 CMS ¥ # CVN 2 d"i-c"**"] 55 g
< FHel 549 JEn 2L 7Y ¢ e
AAZ ALr gk AT ﬂﬁé‘ 98 CMS A4
o] WyegE Local Cepstral Mean Subtraction
(LCMS) ' 7} Sequential Cepstral Mean Subtraction
(SCMS) o] 9lch LCMS W= SCMS #Hi & °
HE&4 AAE olgstE CMS W, Z, Global CMS
(GCMS) relo] wl&] Aseo] @ol WolHoh ¥ =¥

A LCMS wile] 93-e Hstn A4sdds 9
8 2AFAE o8 AFsbHg ol &R, 13t
A4 54¢ #FaAN77 9
smoothing filter® %= 85t

2 =59 F4L gd&7 2ok 23dME CMS 7
ko] 747%32} ubelo s slaeta Ea AAz HoE
9% LCMS ﬂwM %(:Ms sl o Lﬂaﬂ ANEach 33

outliere] ¥173

_91_



e

et o 2 5% HES U

t}.

. CMS 7l A3y

1. GCMS

ool Hold @e Agd b ™2 3% 4
Ae Ade AHN 4=d §4 & 40T
2E3 g g Zo] AT + ok

0

2 7

-

ui

4:

%

y:x+h 83}

ANNA, S BF W2EY WE, gAY 42 A
)\qu mlEi :Lx/];. = ?:}Lﬂ Al,{ 715/&)?:3 I}ﬂE-] I
ok weka] o (DA HMOV‘ FE22 YHUE
& Jé%- Hoed WEZRE AAY Fory FHHY
Aol & E*‘?SH °Vil*‘ o Fg 7Y
3] E

m
f
=
_l%o

1 T
b =7 XY, 2)

AANA, i pAA TGS EFAEeln, TE B

welo] Azl T Folr. GCMS Wol od A
ol WA Mg Xeoms = TE Eh
XGCMS:X_’BGCMS (3)
2. LCMS % SCMS
GCMS W& EE 40 ANadd dy ¢g¥d &
of Fasten AAT A9 ofgdgel dth GCMS
) Fo] LCMS 24

4
Z
2
E)
i
2
N
N
2
.
i
ig
A
2
=
it

3 FEg FHete Aol oy

e ’3%“?5} Zyolel F7to} i8] moving average® I
Afd 4 &t T, 0] moving average®

#Hzhe Felwr B, 48 fd 8L Yen 2

b, =‘Tt Zy,_‘. 4

LCMS el wdgd ded SCMS #He 4 (
o el pdA A& et -1 WA ”P 101

o
=4

249 JMEger A AIGEE FHse T
g oleh.
BfCMS bSCM‘(’“r(l-(l)yuO <a< 1 (5)

‘/g 1

oJ71A, BSOMS = SCMS irol whe wpololx

gola, & P2EF deolth

' Ve

...
A

A

S9N AaddaAd FE oAs f79 W o8 5
Aulel e G ool & BAH EAR @i
ol E BAH HA4S& RAHSE $H2g CVN B
#F CTN el vk CVN % CMS e §3f
HEg 028 e F, 24 2uegd 248 1

gt gt CVN g CMSel vls] 547 #Feh
Atele]l AT Kol o FolE IV Stk
ghe} zhzhe) WEjalglel MR E¢olgtn rH@vd
CVN & tg3} o

Xcvn=Xems/VE xEas) 6

.._,
p

28 a 23 EARY ohve} 33 o
o HeiNE BFsirt bk, CFN "J‘ﬁ% it}
BAED ol 32 RWESQ 9flc(skewness)i it
3} sto] 1349 ERUE S FEEAY S
o FELEEFE d vxsA @S2l 2y v
& 9 32 A AES 2§ Avivt ogE ¥
7‘3]7]' Aoy wéd] FAR TS ol &3 CTN %
Qe B =844 *}% 3 CTN #He CVN
fa) 4 (DI o] Helx

A DAN xopy® BEO) 0013 19 AL 7HAIH

334 2elEst 00] HEE 5% B Aok @9 x -y
o FIL 002 BAL 1922 39% cE The W
g 7Hd
Elxcryl= El&zpy*t Xory* €l
=ag+¢c=0 &)

C‘o"}' -a\_ %"E.F’_Sé é} (7)
+ itk

oest el ol &

_92_



Xcrv= alxZvy~ 1)t Xcvn ©

Y (DF ol8d x. .8 37 ZHNEE AHdd 4
(10)3 ok
E[Xsc"r‘v]

) = E[4x%yy-1)*xcpy)’
= a‘;E [XQCVN— 1]3+ 332E[XZCVN' I]ZXCVN
+3aEKEyy- 1Ixzyyt Elxgpyl=0

2t AAZ WS e e ARm ,
SAE 4E A (DT Pol 78 + 9

t}.
- Elxfyyl
11
3E[Xcvv X%‘VN]
A (1) }%‘ st | Holy] wEe B L& 43

- a
| SlsAE 2 olatel wEstgel Wasit

M. AAZF 2254 A3 4
e Aats e AN 79
s LCMS #¥ el ofojtielE CTN wiel A
4% Local CTN (LCTN)& =48t 29 194
NS %83 33 2dEeg éﬁﬁ}ﬁ}ﬂ A AT 58

Fetrl A EAAY 45 el 78 dA =
A9 & Jtezc dYede i wEAyL
AT ANURLE 33 EAEE A & AL
outher®] gkoll wiztgt BEAo] Utk oA SA4E #4
A17171 98 LCTN %S Abgale] & ghgo] dis)
smoothing filter® 2 E£T o2 A7t & i
Watgko] AA UEE st

o

d

. 294

1. Aurora2 ®jo]gu]o] 2

Add wel H7E A Aurora? dlolEHlolx
[4]7} AH&S9Yh. Aurora2 diolElulolaE 1zt A
TR do] dFAeAE FZE TI Digitel ok
B AEE AHoR Be Rtk Aurora? HolEM]
ol F¥ doled HaE delHz TEH 9o
o HaE d 151\—: Ad 5A4LS Fdsty Nz g
w0l oA F 719 subsetlset A, set B3 AYE

Ao]l thE subset(set C)22 F 37019 subsete® F
AEe] gtk #AeaAe AHY  ZAEFF(subway,
babble, car, exhibition, restaurant, street, airport,
station)¢} Z+z} 571A] #§ @ #(clean, 20dB, 15dB,
10dB, 5dB)&2 #A = Atk Asgrte 2 AEe #
Fol dalM 20dBol A 0dB7FA 9] F-g dle] wis] 4
e 2 =EAE ggo Hold 2 AR &
Rl delg T
4 FAsAh

8l clean condition®] thal] Al

feature vector sequence

windowing

lteration=0
LCVN

iteration€-iteration+ 1 I i
LCTN
auon N2

smoothmg filter

[1e=1+1

29 1 AT 34 2RE A5

2. 2945 4 A

Aurora project®] baselinedl 4 A}&-5=
magnitude spectrum< AR&3Ele] FEF AU
2 A s} 0, 283 magnitude spectrumol A I
g MFCC A4 9 power spectrumo] Al #3% MFCC 7
9] ZFe] wet AAHEL g 2y 29
Aurora2 dlolEju]o]29] baseline Al&gle] gk g
A c0%) power spectrum$ ©] €3 MFCC Al+& Ab
&3 Aot A Ee] M £8E Ak ofF A
del Mz A5l A3 £2 09 power spectrumsy ©f
&8 8 MFCC A4E AHgstgldh

MFCCY
Trejul,

{ [Ersetn ]
Esed !
(| BselC )
Clave |

¢0, Mag logE, Pow ¢0, Pow
parameler

a9 2. 29 YA 9 spectrum F 57 ol
g A% na

_93_



® 1& 7]&4 Agte GCMS Ade W
doleldel o] AL APAAE Y
Ae7t DR AFEER Aol o FoAE AL G F
ik F7F )“.% o2 CTN ¥Widl smoothing B E
A A-E 3% CTN 9ol vlsh 481%9 4% 3
&o] Aeh Oid 77 smoothing BE 3 o}
2 moving average® o4& A$7t %ol AT T
th B =Ed A Ao a7 48 AEEh

LN‘x?"
32

1

2M+1m2 X o m (12)

X =

¥ 1. Asst e

2
£ A% v

s clean_condition
A 3 set Alset Biset C| Ave | ERR
Baseline 61341557566 14/6006/| 000%
GCMS 66 36 |7143|67 20|68 55(21.26%
GCVN 7508|7592{76 38|75 68|39 09%
GCTN 8071(8232|813281485362%
GCVN+smoothing filter | 81 33 (8162182 3181.64 54 03%
GCTN+smoothing filter | 8312(83 73 83288340 |5843%

29 38 ARG Aol GE LOMSS A4To

th, LCMS #del F9d xS Apo|zy) AAFE
dieol gEtrte & é;, BoF3 gk 4x$ Aoz
2 410msE AHERE B Aol MY $HEnE
olF H@el = 410msd Y= S
70 00
€0 00
%o 5000 OsetA
s 40 00 BsetB
) agon CsetC
% 20 00 Clave
10 00
000
110ms 210ms 310ms 410ms
fEe A7)

1Y 3 95F Alo]zd Wi LCMS 94§
410mse] YEF Alel=olA SCMS Hhist LCMS
& BI-‘-‘—ﬂ 2-9- SCMS Hhge] LCMS whyol 13
o] 43tk FA g SCMSE AEAAFE o
> 288717k olfl wWiEel, LCTNS) AAizt 74
LCMS W$ 7ivtes A7 E 4ok LCTN %
AHS-319-& o baselined] 18] 38.06%% L H7
& ARt EF outhersl 23 h=E F4AF]7]

o off mE.

H‘ rE o o® ok ol

to wio
‘o

2l8] smoothing LE & AMg38le] 44.70%9 L5744
e Arh ol A4 A g A& HAsh:
GCTN°1] Wl Alsol dolxx g, GCMS #¥F
GCVN dhirtheE A% wdA o $53% Asjolrh

W

clean condition

AAZE BAE

set Alset Biset C Ave | ERR
Baseline 61 34 |55 75|66 14| 60 06 | 0 00%
SCMS 6141/6668(6213/6366; 901%
LCMS 60 77 |66.14|61 23| 63 01| 7 38%
LCTN 7390176 43|7568| 7526 | 38 06%
LCTN+smoothing filter| 76 89 {78 73|78 33| 77 91 {44 70%

v. 42
B =ddMe oMS #i# 2AEAYEY CIN %
BN ‘B AREn FErgd 4A7 AuUsg 94

LCMS #4g& CTN #yol H-g8dch E3 out 1er°ﬂ
o8 gFg 7AaA7]7] $18 smoothing fiterd Ab&
st} Aurora2 d®jolElsjo] 2 9] clean condition®] Tt
3 dA¥e #HE A AAR AHIrh MesdsR
Aurora 2 dlolEldlo]A9] baseline Ayl &)
4470%2 H% FFEE 2T

A E3

[1] O. Viikki and K. Lauria,
segmental feature vector normalization for noise

"Cepstral domam

robust speech recognition,” Speech
Communication, Vol. 25, pp. 133147, Aug. 1993

[2]1 Y. H. Suk, S. H. Choi and H. S. Lee, "Cepstrum
third order normalization method for noisy speech
recognition,” Electronic Letters, Vol. 35, no. 7, pp
527-528, Apr. 1999.

3] C.-W. Hsu and L.-S. Lee, "Higher order cepstral
moment normalization for  robust  speech
recognition,” ICASSP, Vol. 1, pp. 197-200, May
2004

[4} H. G. Hirsch and D.
experimental

"The Aurora

framework for the performance

Pearce,

evaluations of speech recognition systems under
noisy conditions,” ISCA ITRW ASR2000, Paris,
Sep. 2000.

_94_



