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ABSTRACT

In this paper, we propose a novel approach to residual echo suppression (RES) algorithm based on tracking
echo-presence uncertainty (TEPU) to improve the performance of acoustic echo suppression (AES) in the
frequency domain. In the proposed method, the ratio of the microphone input and the echo-suppressed output
signal power is employed as the threshold value for the decision rule to estimate the echo-presence uncertainty
applied to the RES filter. The proposed RES scheme estimates the echo presence uncertainty in each frequency
bin and effectively reduces residual echo signal in a simple fashion. The performance of the proposed algorithm

is evaluated by the objective test and yields better results compared with the conventional schemes.
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o4 718 7Hxr} Y=l ERLE % 2 A4
o Z Wiener Z¥ 7JHke] 7|¥HHEr} H4 7 dB,
gain modification WHXErl= =k 3 dBo| k=l
ERLES Ho|x gjon I3 (b)&E FE Agkd &
FE|Eo] Wiener ZE] 7]Hke] 7[HRul= AA 3
02 dBY U SAHREE Y gain modifi-
cation WHI= A9 dA3e S HEEE A
3= A = 4 slck

I3 32 w7 35224 babble 3] SNR=20
dBE 7kEa dueilErl 4ol gl @Al
thale] AAE Ldwe]ZE 23 Azl wE ERLE
HslE Wolgar gk ¥ 302 E] A’k 7|
o] 7]&e] whErl HRRAISE AAF] 9lelA
4% ERLE WshE Jela o5 o &+ sich

w3k :La 4= AXE darE]Eel oA w=Ed
AT SATREEE el L olvk I3 424
AlokEl RES el 23t SAuEelAE 7Z9)
kol o Uk HlEkAlE T 4] QIx)7} 7bs
g Ame] Al wkRlEs} AvpHoR AAgeR
A HlaE AIEe] SAAE s TP s A

& B 5 ek FAgHos A4 W A2t
g a2sle] tiekdl W =7)el <4
ulel Age el 18 30x9 a3 29} &
A3t Ay el e AEel didte] ARt
H odwe|Es Aeslich a3 5E thekdl vk
7w 443 s Al dig ERLE 2 SA
: ] F3 9drk 2% 52 FE Ak dw

Echo

Input

Microphone  Near-end  Far-end
Speech

Lo Llooloo
T -

g

5

H

74 i

iy

H

o

3
Time (sec)

08 3. 7139 AES9} Aokl <we]Ze| ERLE H]aL
(babble noise, SNR=20 dB)

(a) (b) (0

1 1 1
0 of- S (Y
) -1 -1

0 1 2 3 0 1 2 3 0 1 2 3
Time (sec) Time (sec) Time (sec)

2
1 1
0 0 '—-’M
-1 -1
-2
] 1 2 3 o 1 2 3
Time (sec) Time (sec)

L é ng H]3L (babble noise, SNR=20 dB): (a)
vlo]ZZE ¢ (b) Far—end WS () ShZE 7|
ul AESel| 9] f‘f} 1} d (d) soft decision 7|9F AESel| 2]
g A3 $A (o) AL ]'E] RES°“ ot A 24

(a) (b)

—e— Wiener —e— Wiener
© - Soft Decision
—6— Proposed

© - Soft Decision
—6— Proposed

25

w15 o
o 13
o o
10 1.2
- i 1 E
5
10 15 20 25 clean ! 10 15 20 25 clean
SNR (dB) SNR (dB)
J8l 5. vk AR} wslsle 3764 AES daelE
= *é% H|3L (a) ERLE H]iL (b) S4 HEE (SA) H|L

2)%0] 7129 YmlZel Phsio] ERLESIAE 3
AE A3hE HolA|wt SAdAE A Mol
A& & & sleh ol WAL ARk Yl
Hsol (1249 £ ol 2 A9HEE weh
A e Falide maHe B e A

so} sh= o] e

o

V.2 B

oAM= AES daE|Eella] zte] wEkAls
% 44’]3'—3 AAsE] $18 MZ- RES 7%=
Akslsdet Ak W2 mle]aEE JHAlS o
Ak wRils st AAY Ailse] HdHe)E
ol 23t decision ruleol] #-8-5}¢] echo- presence
FA3K= TEPU 7|¥-S RES ZEd
3& >3 Eﬂ/\E el -L]'ETH xq]o]-&] Hh:ﬂ

uncertainty =
A-g3lgic) 7

959

www.dbpia.co.kr



A18}F3] =] *09-10 Vol. 34 No. 10

e e gIpog 712 whizl zho)
HEEE HSSHA Al Akl mieE o

AloM = iAlE Aas vepfigick

(1]

960

Ik
Kl
Ho
re

S. J. Park, C. G. Cho, C. Lee, and D. H. Youn,
“Integrated echo and noise canceler for
hands-free applications,” IEEE Trans. on
Circuits and Systems II, vol. 49, issue 3, pp.
186-195, Mar. 2002.

S. I. Park, C. Lee, and D.H. Youn, “A residual
echo cancellation scheme for hands-free tele-
phony,” IEEE Signal Process. Letters, vol. 9,
no. 12, pp. 397-399, Dec. 2002.

V. Turbin, A. Gilloire, and P. Scalart,
“Comparison of three post-filtering algorithms
for residual acoustic echo reduction,” in Proc.
ICASSP, pp. 307-310, 1997.

S. Y. Lee and N. S. Kim, “A statistical model
based residual echo suppression,” IEEE Signal
Processing Letters, vol. 14, no. 10, pp. 758-761,
Oct. 2007.

J-H. Chang, H. G. Kim, and S. Kim, “Residual
echo reduction based on MMSE estimator in
acoustic echo canceller,” IEICE Electronic
Express, vol. 4, no. 24, pp. 762-767, Dec. 2007.
Y.-S. Park and J.-H. Chang, “Frequency domain
acoustic echo suppression based on soft decision,”
IEEE Signal Processing Letters, vol. 16, pp.
53-56, Jan. 2009.

D. Malah, R. Cox, and A. Accardi, “Tracking
speech-presence uncertainty to improve speech
enhancement in non-stationary noise environ-
ments,”” in Proc. IEEE ICASSP 1999, pp. 789-
792.

R. J. McAualy and M. L. Malpass, “Speech
enhancement using a soft-decision noise supp-
ression filter,” IEEE Trans. Acoust., Speech,
Signal Processing, vol. ASSP-28, pp. 137-145,
Apr. 1980.

N. S. Kim and J.-H. Chang, “Spectral enhan-
cement based on global soft decision,” IEEE
Signal Processing Letters, vol. 7, no. 5, pp.
108-110, May 2000.

(10) Y. Ephraim and D. Malah, “Speech enhan-
cement using a minimum mean-square error
short-time spectral amplitude estimator,”” IEEE
Trans. Acoust., Speech, Signal Process., vol.
ASSP-32, no. 6, pp. 1109-1121, Dec. 1984.

(11] C. Faller and C. Tournery, “Estimating the
delay and coloration effect of the acoustic echo
path for low complexity echo suppression,” in
Proc. Intl. Works. on Acoust. Echo and Noise
Control (IWAENC), 2005.

(12) O. Cappé, “Elimination of the musical noise
phenomenon with the Ephraim and Malah noise
suppressor,” IEEE Trans. Speech Audio Process.,
vol. 2 no.2, pp. 345-349, Apr.1994.

(13) S. McGovern, A model for room acoustics,
2003 [Online]. Available: http://2pi.us/rir.html

(14) kA, Awd, “F3sPd nlgF oJAlE 917 Soft
Decision 7[Wke] §A1&3t A%, I3
2], A28, 3%, pp. 285-289, 2009. 6.

HE & Al (Yun-Sik Park) 23]

20061 2% Qs ARy
st shab

20081 24 <lalista Al
s Aa)

20081 3¥Y~3A| <ladiEa
ARy Al

<IHAlEel $AA1E AR

J

& F § (Joon-Hyuk Chang) 4134

1998 29 ZAEoistal AAly
gk} sha}

2000 29 AM-gdista A7)F
S AA}

20041 29 Agoista A717
FFElEH- WAt

20001 39~20054 44 60
15 B R

200411 59~2005d 49 AAz|E]o} FFvE], At
epiate} (UCSB) whA-<d7-4d

20051 59~20054 849 F==Elr]ed 4 (KIST)
A7

2005+ 9 ~&A Qlspeh sl A 2

<ol $AAlEAE, Sr]eAalsAeE, FAlAl
A, /e e~

www.dbpia.co.kr



	Tracking Echo-Presence Uncertainty 기반의 잔여 반향 억제
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. Soft Decision 기반의 Gain Modification
	Ⅲ. 제안된 Tracking Echo Presence Uncertainty 기반의 잔여 반향 억제
	Ⅳ. 실험 결과
	Ⅴ. 결론
	참고문헌


