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In this brief, Acoustic echo cancellation scheme is proposed to enhance the presence of
multiple participants of hands-free voice and video conference. Synthetic stereo using head
related transfer function and the stereo echo cancellation scheme are proposed. It is shown
that the proposed synthetic stereo echo cancellation scheme is well performed by computer

simulation.

1. ME

A ANade BHog Y A4 2 FAAMuz
7t Adgn A 53 24 2 £F RokdAMe £
A8 &3 AlA®(immersive audio system)e] A&7
g A4 B4 Boeld JHEEA, o8, dHYA,
43 o E&Ho sz YW1l zExn Hestn
A B3E 9ste P=E 2 (hands-free) TL7E
o4& &4 Balol 9AY 9, AFE A=z F
of &4 m YrH2]

FR7E AT A 2HEHL WA AAHFA
Nadgos 2u7e o] nlo]lag YHHE &
g owrgk A%yl AT e 2HHL 935
Nadgos 2dgEHe &3 W AA7I FoA o}
AgF gAAEN] Esith 2y v 2HY
L AFE dUAREE QY dselmg F A
% 7ol A% (cross—correlation)o] At} ZH#H L
A&7 4B Ao A7] Wi HSIE 7 WHFH
Z(echo path)& RA&3) FH5x R 2HHdL &

% W AAZIY Aol AstErHll £ Avd
el $4xsF WEAY & SR7E $E ool #
e} o) Utsixie) AW HEHEHI ¥
A |tk

2dde &% g AAE Hsld UtFg WY E
o) AT GITH3-6L. AtD 2dHL &Y WA
ANE 2A Ag dndEFE NAdste WwiH dAA

g 3l dYez us & Y. AAHE e @
HozE Benesty 52 72 A N3 YgAze #
A% AzE dats AMEE gozd Fx A4us
Zole WYL AGsATH3L S dndFE MM
= ¥ WYMo 2= Shimauchi §& §9 43
2 Z(projection algorithm)2 ©]&3% X 33
Wk AA7)|E Asty 2[5] Benesty B TUE )
Y3 AP(multi-channel affine projection) ¢xng&o g
sk A oH6).

#4 zdHE dArt Z4Ee Sasdas %
Aozt A4S MY 9 XA AT

- 149 -



20024 sRYE(niCioigte] EASSUB=RY

Yoo aE ¥Y + U7 GdY Ad2 A3
tate FAZA deoje] 7Hd &4 X A
7 UEE 3 Feol $A 2HEH oY g4 &
HaHle &4 SAdAE S wiel ¢ g3 A3
o A3 Fol vl J. Benesty 52 ¥4 2HHL
g AAE fstd 71&e] 2HHL 9 AMA Y
oz HE3te fAsknz stg 7] T. Yensen
2 2L Wi AAZY F2E HFo I AFF
< FAAIF B9
9B AAE f3 HE duelFoEs NLMS ¢
22]&, RLS(recursive least square) ¢ g3 182
AP(affine projection) ¥ &[10-11]0] F2 Al4 5
2 Stk NLMS ¢u#&L #49 44359 27
el ddtd £ £27t =AY §4 445
o disle] RLS ¢ ¥ Ao $+aA¢
Aol thd goh
wEAME gAY Fdste 3439 Nagdg
4% A4 2dHHLE HRTF(head related transfer
function}€ |43 2 stztel JH3H fAxE 4
A ol AT Y AA FnHgEFE AL

e o

ol wo

2. #4 AHY

BY Ad AFATE o3t ¥4 zddez 3
489§ Feldel A4 299 ANE ALRY
o2A vt £EHo2 BE VYL & Atk 29
1e v Y 23AE olgsted 5 Fde by 24
2 4A%E dolth 2uRAE FAoL Hog 3
ARHEY SHNEE 7MY 249 AR 4AE AP
C. ¥5& THAPo2H 5 999 7hy 249 9
Aol AAstel FAGo2A VY e A7
s

YeH 2dde SFFA A2 F Y 23
Ast 5 A9 vlelaz FAED YvHA §42
37t % Ad2 s 2972 299n oug
Ao sholaz QAR AVEYLZA Y Wgol
S4BT YA 2o SHEA AAWAAH A
waae 24487 F AdZ RSy ded
A Nz 43 FBEE ATE &0 BN 28
Yest 2usd FoAY BgALE FREA 33
2aAgE 90 Bt

X
Spatial Spatial Spatial ]
Regionlj |Region2| |Region3
Near-End

X Partici t X
Spatial articipan
Region4 Region5

29 1L B4 2HHLE ol8® UA a3
o9 4

olgig YHAZ HI ABE Fo17] Aso 2H
g &3 g AA IS T JPANE ] B3P
& 9 HgdUH YYPo2H A5 g AN
(7).
T. Yensen 5[89]& I¥ 29 Zo) /M4 £9& A
A G, F59 JdFMNE, VenE HSUHY ¢
oz FEFoRHN QJHUTY 34} 9T 2
=A% ARAsA
Svatid
Meoping

48]

5(m)
5,(n)

¥y(n)

Gl mJ,m

on) e

su(n) =

2d 2 448 A A2hM e T 2EHY e W
AA

3. HMetshs B 2AHY 2 e ®AHI|

- 150 -



20024 st=yelojclojgty] FASLUECEY

AHA} LA e HAE7 ¢ste o A 2H
AE AAF w2 Arle HAHLEE Qedn A=
Z Zo olojES H4F FEHAME FHESdel F
$% 4 QJEE B =FoM HRTFE ol§3d %
Aol AN 29AE o g3td AL Ae dAHn
g4 2HHL ¢S AASE GPS ALIh A
otsl= WML 7|EH o T. Yensen 5o A¢d
HA 2dHd e B3 AAY] T2E o] &dTh

a9 3 AgketE FA4 2HH L WA F£
oln ¥ g9 ity Y Y& AAHSG

Spatial
Mepping
Yy

[AQ)]

Irus
e Het et

29 3. A¢stE HRTFE ol 8¢ ¥4 2Hde &
& AA7

u(n), nneE F 713 4999 Azely G
Gy 7Hd &9 2AL 9% HRTF otk ap(n),
hpp(n) e 2Hde BFF2H  h(n), h(nd

7 2dge BgAEE 2P5E H¢UH AsdH
olt}. d(n)st e(n)e Ztzt wlola PP Z 9} o] ub
gazolth ALTWEHE A S99Y AT un),
v(myst T} HFAF ()& ©]&3d NLMS &
nelzoz AN,
2elEle 28 weF AAZNMN T 94Y Azl @ BE
Aol osA Aol Astsls A ofelel Ak go) A
$ Helo] A7t HYA2E QYA TR R
dl ek
B 1op(m) = RTH(m) p1(n)

= n(n)+ Ry '(n) Rpp(n) ko(n) ¢))

,}; Zopt(") = Rz—l(")ﬁz(n)
= hy(n)+ R7 (n) Ry(n) k\(n) @)

R(wy=E[v,(m)o](m)),  Rym=Elvy(n)v](n)]

Ru(n)=ELv,(n) v](m)], Ry(n)=EL vy(n) v{(n)]
pi(m)=Elo,(md(n)], po(n)=Elvyn)d(n)]

vim)=[vdn) vin—1) = v(n=L+D]7

4 (% @14 29 3% 2ol MY 43 B4
g F3sh) A A5E Aeued dEgeA A
 EEESUERE SR ER S DG EL R
wHel e SAFANA BAHE FIARo
g% 45 At 471 e

4 Agaold 23 A HE

Agrsts A 2HEL FF WY AAZY 45
#eldly] st A 3Pee YAz F dodEHA
A3E ztz R SAHANEE QEsid AEd
ol M gt

a9 45 WNEEL YPste] AEHIAT Ao
o WAL Gauss BEE AbEEc ugRR o
Hedy "H4E 1042 s FHSASFE 0582 51
ANgdeldst, 29 49 (a)e FHo 23 ZelH
e ©F 22 Heg" AF 223ATS
ERLE(echo return loss enhancement)o]th. X1&#H 0
2 Fgo] Fol=x AL HAY 5 U

Error signal

v T v T v
10000 15000 20000 25000 30000 35000
Samples

(a)

T U
o 5000

- 1561 -



20024 sISYED|CoigtY] EASNEU R

Misalignment

@
©
-6
-8 -
-10 v r T T T v
0 5600 10000 15000 20000 25000 30000 35000
Samples
ERLE
12
10
8
6
o
©
4
24
04
-2 T T T T T T
L] 5000 10000 15000 20000 25000 30000 35000
Samples
(©

a9 4 AAZEE o8 Y AEdHoH A
(a) A& (b) £33 A4 (c) ERLE

24 Azo] oy ¥4 2"HA dg AA A5
sl st 9z AFE 16 kHz 2 A&
T o4 24 A% 35000 4EL A2 e HRTF
g o83 MY Y9 AAE Zesixg FHe=
724z} 300, 330" Aol MATY, 2ddA F oY
2 292 1024 922 2ddsa HALPE 5
g o] #} NLMS ¢xeZes Hg UHE F
$A7IR HEATE 052 ot

2y 5% 9 A g ABH)HFE Aol
(a)e 7Hd &9 AAdA9 dazx LA F ol
H3gdelo PPAFolt (b)E T wEg ANz}
(©) 94380 (a)y S4AEY o FHEUEHY AF &
z4 A4eln (d)& ERLEE YElz ot ¢33
whekol A AR kAt oF 10 dB FE Hkdko] A
Ae AL Bdg & At

1.5x10’
1.0x10
5.0x10"
0.0
-5.0x10°
1.0x10’
-1.5x10
T T T T L} L] 1 Ll
0 5000 10000 15000 20000 25000 30000 35000
Samples
(a)
1.5x10"
1.0x10’
5.0x10°
R e e e~ <D=y
-5.0x10"
1.0x107 7
-1.5x107
LS T T T T T
0 §000 10000 15000 20000 25000 30000 35000
Sampies
{b)
Misalignment
0.5
0.0 4
0.5
1.0
1.5
m 204
b~
2.5
3.0
3.5 4
4.0
T T T y T T
0 5000 10000 15000 20000 25000 30000 35000
Samples
(©)
ERLE
20
15
© 10 4
o
5
04
LJ T T T ¥ T
o 5000 10000 15000 20000 25000 30000 35000
Samples
] % B2 o S O 5
Y 5 4 AZE o)L T S g AA A
A=}
B4 A
o) = O =
(a) 918 +44% b) T F40%

Bl
(c) A4 24 A+ (d) ERLE

- 152 -



20024 st e(o|ciofete] EASSUEEEH

5 88

E =FdaME d@32UdE VoIP 78S AT ¢4 =
Ha#l2 & HRTFE °l 43 Fdsz 4 &HAL
vtk A A WEE AdaAT NLMS ¢nd e
o] g% wtak A AEHold A} IFL HT 10
dB A= AAE ¢ UL 2y AEHR A
£ wigto 2 DSPE ol43td d=dof 78E 3z
2 gt

28

I

[1] C. Kyriakakis, P. Tsakalides and T. Holman,

“Acquisition and rendering methods for
immersive audio surrounded by sound,” IEEE
Signal Processing Magazine, pp. 55-66, Jan.
1999.

[2] S. Makino, "The past, present, and future of
audio signal processing -acoustic echo

cancellation,” IEEE Signal Processing Magazine,

pp.39-41, Sep., 1997.
[31 J. Benesty, D. R. Morgan and M. M. Sondhi,

“A  better understanding and an improved
solution to the problems of stereophonic
acoustic echo cancellation,” proc. on

International Conference on Acoustics, Speech
and Signal Processing 97, Munich Germany,
pp.303-306, 1997.

[41 Y. H Lee, J. S. Park, and K S. Son,

"Performance improvement of stereophonic
acoustic echo canceller using non-linear
pre-processing,” Proc. on International

Workshop on Hands-Free Speech Comm., pp.
75-78, April. 2001.

[5]1 S. Shimauchi and S. Makino, “Stereo projection
echo canceller with true echo path estimation,”
Proc. on International Conference on Acoustics,

and Signal Processing 95, Detroit
Michigan, pp.3059-3062, 1995.

[6] J. Benesty, P. Duhamel and Y. Grenier, “A
multichannel affine projection algorithm with

Speech

applications to multichannel acoustic echo

cancellation,” IEEE Signal Processing Letters,

Vol. 3, No. 2, pp 35-37, Feb. 1996.
{71 J. Benesty, D. R. Morgan, J. L. Hall and M. M.

Sondhi,

acoustic

"Synthesized stereo combined with
cancellation for  desktop
IEEE
Conference on Acoustics, Speech and Signal
Processing 1999, pp. 853-856.

{81 T. Yensen, R. Gourbran, and I. Lambadaris,

echo

conference,” Proc. on International

“Synthetic stereo acoustic echo cancellation
VolP

on Speech and

multiple  participant
conferences,” IEEE Trans.
Audio Processing, VOL. 9, NO. 3, Feb. 2001.

[9) T. Yensen and R. Goubran, "An acoustic echo

structure  for

cancellation structure for synthetic surround
sound,” International  Conference  on
Acoustics, Speech and Signal Processing 2001, Salt
Lake, pp.312-315, May, 2001.

[10] K. Ozeki and T. Umeda, "An adaptive filtering
algorithm using an orthogonal projection to an

Proc.

affine subspace and its property,” Electron.

Comm. Japan, VOL. J67-A, NO. 2, pp.126-132,

1984.(Japanese)
[11] M. Tanaka, Y. Kaneda, S. Makino and J.
“Fast projection algorithm and its
Proc.
Conference on Acoustics, Speech and signal
Processing 95, Detroit Michigan, pp. 945-948,
1995.

Kojima,

step size  control,” International

- 153 -



