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ABSTRACT

We discuss an extension of a hybrid of an acous-
tic echo canceller (AEC) and voice switching con-
trol (VSC) for multi-channel applications. In the
single-channel case, the hybrid has already become
a practical method of making a hands-free telecon-
ferencing system stable. To extend it to the multi-
channel case, we took into account the stability of
a multi-channel acoustic system. We also consid-
ered the loss insertion operation for multi-channel
voice switching, which should be done more care-
fully than for the single-channel case.

1. INTRODUCTION

An acoustic echo canceller (AEC) cannot always
cancel an echo, because of echo path changes, sys-
tem initialization, and so on. When echo can-
cellation fails, the acoustical loop gain increases
and howling occurs. To avoid this, in the single-
channel case, a hybrid of an AEC and voice switch-
ing control (VSC) has been widely used for actual
implementation to make a hands-free teleconfer-
encing system stable. The switching loss is in-
serted into the reception or transmission line by
judging the reception/transmission status. The
insertion loss level is adequately set to achieve
full-duplex communication and to avoid howling
by measuring the echo cancellation level and the
acoustic coupling level. As a result, the system is
kept stable.

In multi-channel applications such as stereo-
phonic teleconferencing and multi-point conferenc-
ing, the multi-channel AEC is indispensable. Since
the echo path tracking speed of the multi-channel
AEC is slower than that of the single-channel AEC,
affected by the interchannel correlation[1], the echo

cancellation performance may not be good enough.
So hybrid operation is more helpful in the multi-
channel case. Here we present an extension of the
hybrid operation for multi-channel acoustic sys-
tems.

2. REVIEW OF SINGLE CHANNEL
CASE

In the single-channel case, a hybrid system [2] is
constructed as shown in Fig. 1. The VSC inserts
the switching loss into the reception or transmis-
sion line. Its timing is controlled by judging whether
the current speech is far-end speech (reception)
or near-end speech (transmission). In some appli-
cations, the double-talk situation is also judged
as either reception or transmission. The inser-
tion loss level is adaptively determined from the
echo cancellation level and the acoustic coupling
level between the loudspeaker and the microphone.
The loss insertion does not normally affect the
full-duplex communication, since the AEC usually
performs well and the loss level is set close to 0
dB. The echo cancellation level and the acoustic
coupling level can be measured in the reception
situation. In the case of the duo-filter structure
AEC, the reception situation is guaranteed when
the foreground echo cancellation filter coefficients
are copied from those of the background adaptive
echo path estimation filter. This is because co-
efficient coping is permitted only when the back-
ground echo cancellation is better to some extent
than the foreground one. In the case of transmis-
sion or double-talk, the background adaptive filter
cannot reduce the error output and coefficient cop-
ing is not permitted.

IWAENC' 99

48



——
8 Duo-filter structure AEC h
% —t———>|Loss * ;ﬂ
(]
4 | | |

Voice switching e Echo l

Echo path
cancellation estimation

Fiybrkd filter

control l filter
—EE '

L W) N J

control

Transmission

Figure 1: Single-channel hybrid system.

3. STABILITY ANALYSIS OF
MULTI-CHANNEL ACOUSTIC SYSTEM

Before discussing the extension of the above hy-
brid system for the multi-channel case, we consider
the stability of a multi-channel acoustic system
[3]. Figure 2 shows an example of an M-channel
hands-free teleconferencing system. The relation-
ship between the microphone inputs U1(2), Uza(2),
..., Um(z) at point A and the loudspeaker outputs
Vi(2),Va(2),...,Vm(z) at point B is described by

‘1;1(2) Zl(z)

2:(2) = [1-'6TR6TE) ™ "}(2) o (1)
Vm(2) Um(2)

T

where © is a transpose and I is a unit matrix.
G.(z) and Gy(z) are the transfer function matri-
ces:

[ Ga11(2) Gam(2)
Go(2) = : : (2)
| Gari(2) Gamm(2)
and
[ Gpa(2) Grm(2)
Gy(z) = ’ (3)
L Goma(2) Gemm(2)

where Ggmn(2) and Gy, (2) are the transfer func-
tions between the m-th (m = 1,2,...,M) loud-
speaker and the n-th (n = 1,2,..., M) micro-
phone at points A and B respectively. The multi-
channel system corresponding to Eq. (1) is stable
if and only if the following equation is satisfied.

I Ga(€™)Gy(e™) < 1 for Vo, (4)

where the norm of matrix A, || A ||, is defined
as the square root of the maximum eigenvalue of

AP A, where H denotes a conjugate transpose.
Assuming that the acoustical conditions at points
A and B are similar, Eq. (4) can be approximated
as

|Ga(e)]I< 1, ||Go(e?®)||< 1 for Yw, (5)

where || G4(e’“) || and || Gb(€’“) || in dB corre-
spond to the multi-channel acoustic coupling levels
at points A and B, respectively.

Figure 2: Multi-channel teleconferencing system.

4. EXTENDED HYBRID SYSTEM FOR
MULTI-CHANNEL CASE

An extended hybrid system for the multi-channel
case is shown in Fig. 3. It uses the multi-channel
AEC described in Ref. [4], which has the duo-
filter structure. Here, we mainly discuss the VSC.
A simple loss insertion assignment is to switch
between all the transmission channel losses and
all the reception channel losses simultaneously by
judging the conversation status from only two cat-
egories, reception or transmission. This assign-
ment is reasonable for single-talk situations, in
which only a single talker on one side is speaking.
However, in the double-talk case, especially when
several talkers are speaking on both sides, we need
a wider range of the conversation statuses so that
each channel can have an independent status.

4.1. Two-channel VSC

Below, we discuss in more detail, considering a
two-channel VSC as an example.

4.1.1. Loss insertion assignment

Here we consider how the loss insertion or bypass
is assigned to each reception or transmission line.
The loss bypass should not be assigned to both the
reception and transmission lines simultaneously,
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Figure 3: Multi-channel hybrid system.

otherwise the coupling between the bypassed re-
ception line and the bypassed transmission line
cannot be controlled. So in this example, only the
transmission signal of each channel is checked and
the conversation status is categorized as shown in
Table 1. In the case of status 1, the losses are in-
serted in all transmission lines and are bypassed
in all reception lines. In the case of status 2 or 3,
the loss is bypassed only in the transmission line in
which transmission speech is detected. In the case
of status 4, the losses are inserted in all reception
lines and are bypassed in all transmission lines.

Table 1: Conversation statuses for two-channel
case.

Transmission speech
Status
Channel 1 | Channel 2
1 X -4
2 ®) X
3 X O
4 O o

O :Detected X :Not detected

4.1.2. Insertion loss level

To determine the insertion loss level for each line,
ideally we should measure the echo cancellation
rates Ey(z) and E3(z) and the acoustic coupling
transfer function matrix:

_ [ Gas() Garal?)
Gt = | gl G | (6)

However, they may be estimated as scalar values
in the time domain, since the loss levels are scalar
values here. The echo cancellation rates E; and
E5 are very easy to estimate by comparing signals
before and after the AEC. However, G,(2) is in-
determinate in general. So we assume Ga11(2) =
Ga22(2) = A and Ga12(2) = Ga21(2) = B. Then
we can obtain the estimated G,(z) from the re-
lationship between the loudspeaker input signals
[X1,X2] and the microphone output signals [Y7,Y3],
unless A = B. Figure 4 shows a block diagram of
this system, where LR, and LR, are the reception
loss rates, and LT and LT; are the transmission
loss rates. The system matrix M becomes

_[ZTy 01[E: 0][A B|[LR: 0
M=l LTz] OEz][B A][ 0 LRz]‘ (D

Channel 1 Channel 2

Y2
| E | } Echo cancellation

rL;‘z ] }Transmission losses
v

Figure 4: Two-channel acoustic control system.

Status 1

In the case of status 1, where LRy = 1and LR; =
1 (both of the reception losses are bypassed), the
system stability can be evaluated by analyzing the
following matrix: :

= [0 o zlls 4l ®
In this case, by setting
1
M < A+ 18D o
and
LT, < —1—-—, (10)
|E2|(1A] + | BI)

|| M1 ||< 1 is satisfied.
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Status 4

In the case of status 4, where LT} = 1 and LT, =
1, the system stability can be evaluated by ana-
lyzing the following matrix:

wo- 2 AERSL o

In this case, the critical solution is rather compli-

cated. So we simply set
1

LRy < 12
' < [ETAT+ BB (12)

and

LR; < - (13)
2> 1E|lA] + | BB

Then || My ||< 2. However, if some attenuation
margin is given, the system can be controlled to
be stable.

Statuses 2 and 3

In the case of status 2, where LTy = 1, the sys-
tem stability can be evaluated by analyzing the
following matrix:

_[1 0 1[E; 0][A4 B][LR 0
M, = om][o Ez][B AH 0 LRz]' Ca

In this case, we set LT, to the same value as in
status 1. Comparing to status 4, we can obtain

LR, < : 5 (15)
|E1||A|+m

and

LR < —Tq : . (16)
m+|Ell|B|

Then, || M3 ||< 2 like status 4. If some more at-
tenuation margin Att is given, simpler conditions:

Att .
LR < —— 17
<B4 (17)
and
Att
LRy < ——— 18
] e

can also make || Mz < 1.
For status 3, similar results can be derived.

The insertion loss levels, which are the loss rates in
dB, can be obtained from Table 2. For all the loss

rates, the same attenuation margin Att is applied.
The loss rates are controlled not to be over 1.

Table 2: Loss insertion assignment (two-channel).

Insertion loss rate

Status
LT LT LR LR2
Ant At
i [ ) ) :
.3 i Ant At At
|Ef(4l+[8)]  |E]A |E|B]
3 Ant ) _An _An
|E|(4|+[8] AL |E-|4]
4 { i Att Att

|4+ |E:|B]| |E:[4] + |E. 8]

5. CONCLUSIONS

A hybrid system of an AEC and VSC has been
extended for multi-channel applications. Focus-
ing mainly on the VSC, the loss insertion assign-
ment and the insertion loss levels were adequately
derived. By using the hybrid control, the total
performance of the multi-channel teleconferencing
system can be made reliable.
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