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Abstract

In order to improve the performance of a speech
recognition system in the presence of noise, we
propose a noise robust front-end using two-channel
speech signals by separating speech from noise based
on the computational auditory scene analysis (CASA).
The main cues for the separation are interaural time
difference (ITD) and interaural level difference (ILD)
between two-channel signal. As a result, we can
extract 39 cepstral coefficients are extracted from
separated speech components. It is shown from speech
recognition experiments that proposed front-end has
outperforms the ETSI front-end with single-channel
speech..

L &
£ eEvol4, divEs XNedH 2R Fo g
&0 ol§ FAgHoZ ZAY + e AHGHO|AR
4R FaAde] Fuidm gtk eyt A Qe

16kHz,20 ms(320 samples)
with 10ms overapping
8z, (mi=12,--32

o]

2 Fdoz AMEY YAMeE SAAUNMN2"E) F
-8
£

~
e

oA e e+ HQ ANAFS sHAH <k i)
EEAAE ZERAAAY S4UY Hee T
AN7171 98 AlEe AAEAHE 9T computational
auditory scene anlysis (CASA) ~i¥re] AAe
(front-end) W& Aordr), 53 Aokd AXg whde
ol Fulo)a BN HHA olFAdY £44M%E 4
dog 3m, z} Ad 8 FANEY AL F Ariaels
oj-gale] EAubakel] YA F4H4SE CASA AN=EE
23 Agozie ¥ Jrk

II. CASA 718t A& 93

Aoty AANY FAEE 29 138 2ok $4 oA
o] SAHAEE zH Addz Azte]l AZAEAE Wyl
gammatone BE{WIA (11§ B8 Az-Fsl G99 4
32 W@y wad NzzRg 7 Ad ¥4 Fog
¥EA ABE 530 =8 AE e SFHFRITD,
ILD)E sl FgozHE 4439 Eeld AHes
 vtaa Jds FASY2] 2 vA FA4E vk
A ddoz By 2% Jo] Hiskd FAHNUE
o] =g ¥FME P, o] EFMe] ZaRES 7}

%) cc,it) ITD, m, masked env,  log_env, 6
R
Gammatone | Cross- I'D Mask : ; 12
<:D:: Filterbank | correlation Computation Estimation Masking o Log O Energy Cepstral
% 1 1 Coefficients
8L (") env, ILD .
T : d DCT E
—>| Envelope = ang\‘l]t)amn i ] Log Energy
- | ERVy i env, c,,i=12--,32

3% 1. CASA 7]ut

289

A A=



200735 CH

foi

CH3] AI30= Al

o
litg

gth wpAjeto 2 discrete cosine transform (DCT) w3

F 54U 28" 123 N2EY AFS oy
e & a1, o] & 1374 stetdige] dis) 2
AHE8] AR AFES Uekd & 3938 ENWEES
23t}

dowd XN o

ol

M. &A21a )

[« JREahy | /‘E‘I@D

A 7}

A AAE WP 45E PFE) 98 24994
HAEE HAARAY. olgAd @AM AXAES I
7}tz 918 ETRI @3o] =4l <44 <doDB (3]
AHEEY AR oR o]FAdE SADBE tEsIYTh
494 Aladel shgolE 18240709 dolgA g, 9
A H2EdE 570719 wol&Ads 2zt Algaigon,
Zt A E dis 0°d AASA st MY ALuEs
HEstdrk (4] =3 A FE4 47 Sos FL
AZZ AREst, 10°, 20° 2 40°9] HABEE sk o
g AEUrE Aot FHAEY Wik HyY FS
A5E g3 o]FAd4 H2E #8844 DBE A&ty
ool FH20dB, 10 dB 2 20 dBY AE o H&
H(SNR)& Z= = 713atg.

4204 Al2"g& E#tolE (triphone) B4 hidden
Markov model (HMM)& 7|8tz s, z+ Egle]&e
3709 4 (state)g ZE left-to-right® THEQ) o)
o 2} el 4709 Gaussian mixtureE 7}AH, AAE
2](decision tree)E %8 Ezto)|EES AHE AFsY
Z 220670 HHE e £¥EDE FAEHT 94
Azdd A ALEH o34 2250 @ojoln U
A5l

a9 2% AkE AAE @y ETSI & A &
¥ [5]19 9485 S vt Og Aa)x 949 ¥E
& o2 FUE F%, 4 SNReIAM &AL-9 x4
wE J4AFE HZE, 23 2b)e 49 dES
ol9fo] Fotg FLom ¥ A9 ANHFL viwa)
53], 19 2(b)Y s Fgo] 99 vE 40°Y BE
vlwgd et 238 20)9 9% ZFHE 29 Aa)d
Z} 4000l M) Ao} Uity a9 24 BE bl
ol oo BEA 24E FLoz e BHA,
SNRe] 10 dBolx £44%9 x|ae|rt 40°d
723%9 QA ES BHoen, ol ETSI & AAg v
Hell v&) 506%9 2202 E A Ags A} =
& ¥ 2@ 2b)elA B 4 9l%e] 4] e g4
7+e] 9jAAbe), SNR, Z&EF

5]

o7& T 84Ee
duts HTd A3, A" AANF wdol ETSI ¥F
AAE el vls) FRHeR 134% 2ANE9] A4
s By
V. 22

A9 B A2Pe FFEAANAE 2AF 54&
Ak £ =Eere 35804 S04 AF @
& A FA54E v 1A wS AdEAch
Add AAH WP olFAd S Az Az
R A7) Aelg o &stef, BN AN FEEHS

290

SNR 10

2

SNR 0

100
80
80
70
80
50

]

SN

m
---l-q

]
2
|
i
7
7
z

30
20
10

el d4 & (%)

[0 oy s o s e s
o s — — —  — — —

AR

A

0 10 20 40
A4 A )

ol AR (%)

(b)
UGS (@) 9 FFA 4 FAE EF4A
FEe A A wE AHAAT (b) FEEFRA
AH4% (B @ ETSI £F AA8 4y, m
CASA 7|8 d32] )

a9y 2
247

oe

o]z waa dEg olf3 FAFo=RE Rk
Ak e AeHIT S A8 2404 2 Mg
Qeon 2 47 7|& ETSI & A= whge) Ax o
H] 13499 204 & JHE BAY.

A}
2 Ay FREBAE 2 ARFA9EA3 Y ITAARHY

AZ1ENEAY (A48 FHIEE deF/asd B/l

A" olx 71E AY]Y] dger FPHAE

=

A7

[11 R. D. Patterson, I. Nimmo-Smith, J. Holdsworth, and P.
Rice, “An efficient auditory filterbank based on the
gammatone function,” Appendix B o SVOS Final report:
The Auditory Filterbank. APU Report 2341, 1987.

K. Palomaki, G. Brown, and D. Wang, “A binaural
processor for missing data speech recognition in the

presence of noise ans small-room reverberation,” Speech
Communication, vol. 43, no. 8, pp. 361-378, Mar. 2004.

(2]

31 24% 25, A5dg, Agw, AHA, “¥584 DB 7
% $sgety s geEEy, A7, AlR)E,

pp. 21-24, July 2002.

[4] W. Gardner and K. Martin, “HRTF measurements of a
KEMAR,” J Acoust Soc. Am, vol. 97, no. 6, pp
3907-3908, June 1995,

[5] ETSI ES 201 108, v.1.1.3, Speech processing, transmission
and  qudlity aspects (STQ),  Distributed speech
recogrition, Front-end feature extraction algorithm,
Compression algorithms, Sept. 2003.



