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(57) A counter 160 mncrements a count value every given period. An adaptive operation control unit 90 selects channels
in.which adaptive operation are done from all the channels 1n obedience to the count value to output produced selection
signals to AND circuits 151 to 15n. Double-talk detection circuits 81 to 8n judge the presence of double-talk states and
output detection signals to the AND circuits. The AND circuits operate logical AND of the selection signals and the
detection signals and output the logical AND results as control signals to filter coetficient updating circuits 71 to 7n.
The filter coetficient updating circuits update or do not update filter coefficients stored mn FIR filter units 51 to 5n
according to the control signals. The FIR filter units produce echo replicas by calculating convolutions of the filter
coefficients and the recerve signals. Subtractors 61 to 6n subtract the echo replicas from transmission signals to output

residual signals.
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ABSTRACT OF THE DISCLOSURE

A counter 160 increments a count value every given
period. An adaptive operation control unit 90 selects channels
in*which adaptive operation are done from all the channels in
obedience to the count wvalue to output produced selection
signals to AND circuits 151 to 15n. Double-talk detection
circuits 81 to 8n judge the presenéé of double-talk states and
output detection signals to the AND circuits. The AND circuits
operate logical AND of the selection signals and the detection
signals and output the logical AND results as control signals

to filter coefficient updating circuits 71 to 7n. The filter

coefficient updating circuits update or do not update filter

coefficients stored in FIR filter units 51 to 5n according to

the control signals. The FIR filter units produce echo
replicas by calculating convolutions of the filter coefficients
and the receive signals. Subtractors 61 to én subtract the

echo replicas from transmission signals to output residual

signals.

, : NI B o PO 5P E e 1414 N VTSR L 1 MR (20 s a0 34, T T
e NohraiMa i ST RHOAHEHCRIREINREG AR TN w«mwwmm=‘-'h‘n1>u-'--uhmmmm.’.uw L0052 5% Mt S AR Es T 47 LA bp 20 " PN T e
o« debos 1AM e edeadinddes Lo oidld o dattdiBe Lt s Mg nan s B AT . "

D e e 1A M TR BN IRl N1 A



10

15

20

2201013

ECHO CANCELIL:ER

BACKGROUND OF THE INVENTION

1.. . Field of the Invention

The present invention relates to an echo canceller for
multi-channel processing which cancels echoes contained in
transmission signals by subtractiﬁé echo replicas which are
convolutions of estimated impulse responses of echo paths with
receive signals.

2. Description of the Related Art

For example, a conventional multi-channel echo
canceller having a plurality of single-channel echo cancellers
which is disclosed in Japanese Patent Unexamined Publication
No. Hei 4-331512, as shown in Fig. 30, includes receive signal
input/output terminals 11 to 1n/21 to 2n that input receive
signals yl1(i) to yn(i) from far-end sides at each sampling time
and outputs them to near-end sides. Transmission signal
input/output terminals 31 to 3n/41 to 4n input from the near-
end path transmission signals x1(i) to xn(i) where near-end
talking signals are superimposed on the echo signals that are
reflections of the receive signals y1(i) to yn(i) from the echo
paths through the transmission signal input terminals 31 to 3n,
and output residual signals el(i) to en(i) which are
subtractions of the echo replicas rl(i) to rn(i) from the

transmission signals x1(i) to =xf(i).

)
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Finite impulse response (FIR) filter sections 51b to
S5nb  input yl(i) to yn(i) from the receive-signal input
terminals 11 to 1n and store filter coefficients which are
esfimated impulse responses of the echo paths and produce the
echo replicas rl(i) to rn(i) by calculating convolutions of the
filter coefficients and yl(i) to yn(i), and output el(1) to
en(i). Subtractors 61 to 6n inpxﬁ: x1l(1i) to xn(i) from the
transmission-signal input terminals 3i to 3n and rli(i) to rn(i)
from the FIR filter sections 51b to 5nb and produce the
residual signals el(i) to en(i) by subtracting rl1(i) to rn(i)
from x1(i) to xn(i), respectively, and output el(i) to en(i).

Double-talk detection circuits 81 to 8n monitor the
powers of yl(i) to yn(i), x1(i) to xn(i) and ri(i) to rn(i),
and judge the presence/absence of the double-talk state (the

powers of both the transmission signal and the receive signal

are high)/the silent state (the power of the receive signal is
low), and output detection signals of "0" in either the double-
talk state or the silent state, and output signals of "1" in
the other states to filter coefficients update circuits 71 to
n.

Filter coefficient update circuits 71 to 7n conduct
update processing in accordance with detection signals from the
double-talk detection circuits 81 to 8n in such a manner that
the filter coefficients (impulse response estimated values)
stored in the FIR filter sections 51b to 5nb are controlled so

that el(i) to en(i) approach 0 in no double-talk state and in
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no silent state, and so that the update processing 1s stopped
in the double-talk state or in the silent state.

The above-mentioned conventional multi-channel echo
caﬁc,eller is of the system (each-channel-independent echo
canceling system) for canceling echoes by a processing

complexity n times as much as the processing complexity for one

- -

channel.

1 to

The operation of the FIR filter section 5zb (z
n) is, for example, as shown in Fig. 31 of Japanese Patent
Unexamined Publication No. Hei 2-305231. The receive-signal
register 51z stores yz(i) newly inputted from the receive-
signal input terminal 1z after cutting off the oldest
yz(i-h) (h is a natural number and the number of stored
samples) and hold finite predetermined h number of samples of
yz(1), yz(i-1), ... yz(i-h+1). The filter coefficient register
52z stores the filter coefficient for the number h of samples
which is the same as that of the receive-signal register 51z.
In this example, when the echo signal contained in the
transmission signal xz(i) is completely removed by the echo
replica rz(i) whereby the residual signal ez (i) becomes 0, the
complete estimation of the echo path characteristic can be

performed, and the filter coefficient ax,(i) becomes a value
identical with that of ax(i-1) before one sample time and held

as it is. Furthermore, a convolution calculator 53z calculates

convolution of receive signals vz (1-k) with the filter
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coefficients az,(i) to product an echo replicta rz(i) = ZDaz, (i)
vyz(1i-k) (k = 0 to h-1).

Also, 1in the case o0f two-channel echo canceller,
co.nv.entional multi-channel echo canceller is disclosed in
Japanese Patent Unexamined Publication No. Hei 4-284732, as
shown in Fig. 32. Receive-signal input terminals 801/802 and
receive-signal output terminals (ébeakers) 803/804 input the
receive signals yl(i)/y2(i) from the far-end side at each
sampling time i and output them to the near-end side.
Transmission-signal input terminals (microphones) 805/806 and
transmission-signal output terminals 807/808 input transmission
signals x1(i)/x2(i) containing the echo signals that are
reflections of the receive signals yl(i) to y2(i) from the echo
path extending from the speakers 803/804 to the microphones
805/806 from the near-end side, and output residual signals
el(i)/e2(i) which are subtractions of the echo replicas rl(i)
to rn(l) from the transmission signals x1(i)/x2(i). Adaptive
filters 809/810 produce echo replicas rl(i)/r2(i) which are
controlled so that el(i)/e2(i) approach 0. A phrase-difference
detector 814 estimates a phase difference between vyl(i) to
y2(1). A selector 813 selects yl(i) or v2(i) whose phase is

faster than that of another and outputs it to adaptive filters

809/810.
The above-mentioned conventional multi-channel echo
canceller 1is of the system ‘(each-channel dependent echo

canceling system) in which a plurality of echo paths are
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estimated through adaptive filter operatiog;pqp’;ndependent in
each channel to cancel the echo.

Also, in the case of a multi-point conference echo
ca:nqeller, a conventional multi-channel echo canceller is
disclosed in Japanese Patent Unexamined Publication No. Hei 2-
87861, as shown in Fig. 33. Receive-signal input terminals 901
to 90n and receive-signal output terminals (speakers) 911 to
91n input receive~signals-yl(i) to yn(i) from the far-end side
at each sampling time i and output them to the near-end side
through loss insertion circuits 961 to 96n. Transmission-
signal input/output terminals 920/921 input from the near-end
side a transmission signal x(i) containing the echo signals
that are reflections of the receive signals yl(i) to yn(i) from
the echo path extending from the speakers 911 to 91n to the
transmission input terminal 920, and output the residual signal
e(i) that is a subtraction of an echo replica rl(i) from a
transmission signal x1(i) to the far-end side. A receive-talk
channel selection circuit 942 select m (m is an integral number
smaller than n) channels in which the levels of the receive
signals are larger than those in other channels. Adaptive
filters 931 to 93m produce the echo replicas rl(i) to rm(i)
calculating convolutions of the receive signals and the filter
coefficients stored in storage circuits 951 to 95n in selected
m channels, and update the filter coefficients so that the

residual signals e(i) approaches 0.
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The above-mentioned multi-channel echo canceller is of
the system (each-channel limited echo canceling system) in
which adaptive filter operation is limited to the m-channels
an{ong all the n-channels to cancel the echo.

In the above-mentioned conventional multi-channel echo
cancellers as shown 1in Figs. 30 and 32, the amount of
arithmetic operation 1s considerabiif increased in proportion to
the number of channels because the adaptive filters in all
channels always operate. Furthermore, in the above-mentioned

conventional multi-channel echo cancellers as shown in Fig. 33,

there arises such a problem that the adaptive filter may not
permanently operate in a specified channel where the receive

signal continues to be in a low level.

SUMMARY OF THE INVENTION
The present invention has been made to eliminate the
above problems, and therefore an object of the present
invention is to provide a system for canceling echoes in a
plurality of channels while controlling the adaptive operation
for each channel.
An echo canceller o0of the present invention 1is

characterized by:

inputting/outputting receive signals to near-end sides
from far-end sides at a plurality of receive-signal
input/output terminals; inputting transmission signals from the

near-end sides at a plurality of transmission signal input terminals;
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outputting residual signals which are subtractions of
echo replicas from the receive signals to the far-end sides at
a plurality of transmission signal output terminals:

producing the echo replicas by calculating convolutions
of filter coefficients and the receive signals to output them
to the subtractors at a plurality of FIR filter units:

monitoring the powers of the transmission/receive
signal and the residual signals to judge the presence/absence
of double-talk/silent state to output detection signals at a
plurality of double-talk detection circuits: and

updating the filter coefficient stored in said
plurality of FIR filter units in such a manner that update
processing is conducted so that the residual signal approach 0
when it 1s not in said double-talk/silent state and so that
update processing is stopped when it is in said double-
talk/silent state at a plurality of filter coefficient updating
circuits, and by the application of multi-channel uniform echo
canceling system with the following means in order to solve the
above problem.

A counter increments a count value for every given
period.

A random number generator generates a random number
every given time period.

A plurality of convergent-state detectors estimate the
amount of echo attenuation for €ach channel from a power ratio

of receive signals to residual signals. -
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A plurality of residual echo level detectors estimate
a residual echo level for each channel from a power of the
residual signals.,

A plurality of signaling detectors monitor a signaling
state of each channel in which the multi-channel echo canceling
system is inserted, to judge whether the signaling state is
idle, or not.

An adaptive operation control unit selects channels in
which adaptive operation are conducted from all the channels
for an every given period to output a produced selection signal
to a plurality of AND circuits, 1n accordance with a count
value from the counter, a random number from the random number
generator, the estimation wvalue of the amount of echo
attenuation for each channel from the plurality of convergent-
state detectors, or the estimation value of the residual echo

level for each channel from the plurality of residual echo

level detectors. Alternatively, it gives priority to channels
which are not in double-talk/silent states and generates

selection signals with respect to the detection signals from a

plurality of double~talk detection circuits to output selection
signals to a plurality of filter coefficient update circuits,
instead of a plurality of AND circuits. Or, it gives priority
to channels which are in busy states and generates selection
signals with respect to state signals from a plurality .of

signaling detectors to output selection signals to the

plurality of filter coefficient update circuits.
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The plurality.of AND circuits operdate logical AND of
the selection signals from the adaptive operation control unit
and detection signals from the plurality of double-talk
de%ectors to output produced control signals to the plurality
of filter coefficient updating circuits.

The FIR filter unit of each channel has plural blocks
of receive-signal registers which store receive signals of a
predetermined number of sar;lplings from the receive signal input
terminal of the associated channel, and plural blocks of filter
coefficient registers which store filter coefficients, and
plural Dblocks of convolution calculators which calculate
convolutions of the receive signals stored in the plural blocks
of receive-signal registers and the filter coefficients stored
in the plural blocks of filter coefficient registers and output

them in blocks that input control signals of "1" from a block

selecting section and output zeroes in other blocks, and plural
blocks of coefficient power calculation sections which output
the powers of the filter coefficients stored in the respective
blocks of the filter coefficient registers, and the block
selecting section which outputs, as the control signals, "1"s
to the all blocks of convolution calculator when the control
signal is "1" from the adaptive operation control unit or the
AND circuit of the associated channel, and "1"s to the selected
blocks of convolution calculator in. such a manner that the
powers of the filter coefficients of the selected blocks are

larger than those of other blocks and "0O"s to the other when
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the control signal 1is "O0" from the adaptive operation

control unit or the AND circuit of the associated channel.

—

The channel adder of each channel outputs the sum of the

calculation results from all the blocks of convolution

P ad
P

calculator of associlated channel t o a subtractor of

assoclated channel.
Accordingly, 1n one aspect, the present invention
provides An echo canceller for multi-channel processina,

F

comprising: a plurality of channels each of which includes a

suptractor for subtracting an echo replica supplied by a

finite length impulse response (FIR) filter unit from a
transmission signal supplied by a transmission-signal input

terminal to output a residual signal to a transmission-

signal output terminal; said plurality of FIR filter units

storing filter coefficients which are estimated impulse

responses of echo paths and receive signals from a plurality

of receive-signal 1input terminals to produce the echo

replicas by performing convolution of the filter

H

coefficients and the receive signals; each of said channels

further 1ncluding a double-talk detection «circuit for

monitoring powers of the transmission signal and the receive

signal from a corresponding one of sald transmission and
recelve signal 1nput terminals and a residual signal from a

corresponding one of said subtractors to detect double-talk

presence and absence thereof and to output a detection

signal; each of said channels further 1including a filter

coefficient updating circuilt for updating the filter

. ‘ N N : .. MMM AANMYIIE ok o1 .17 990 medesee o® an s
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P
p—

coefficients stored in a corresponding one of said FIR

filter units according to a control signal; a sequence
generator generating a segquence signal; an adaptive-
operation control unit for selecting said <channels 1in
accordance with the sequence signal from said sequence

generator and on the basis of a limitation result to output

a selection signal; a plurality of AND circults each of said

AND circuits outputting the control signal produced by a

logical AND of the detection signal from a correspondlng one

of said double-talk detection circults and the selection

— —
p—-r

signal to a corresponding one of said plurality of filter

coefficient updating cilircuits.

The above and other objects and features of the

present 1nvention  wi1ll become more apparent from the

following detailed description taken in conjunction with the

accompanying drawlings.

ESCRIPTION OF THE DRAWINGS

BRI

[
K3
O

[_I

Fig. 1 1is a functional block diagram showing an

echo canceller in accordance with one embodiment of the

present 1nvention;

Fig. 2 1is a functional block diagram showing an

echo canceller in accordance with another embodiment of the

present 1nvention;

- 10a -
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Fig. 3 1s a functional block diagram showing an
echo canceller 1n accordance with another embodiment of the

present i1nvention;

Fig. 4 1s a functional block diagram showing an
echo canceller in accordance with another embodiment of the

present invention;

FFig. S5 1s a functional block diagram showing an

echo canceller 1n accordance with another embodiment of the

present 1nvention;

- 10b -
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Fig. 6 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 5;

Fig. 7 is a functional block diagram showing an echo
caﬁceller in accordance with another embodiment of the present
invention;

Fig. 8 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 7;

Fig. 9 is a functional block diagram showing an echo

canceller in accordance with another embodiment of the present

invention;

Fig. 10 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 9;

Fig. 11 is a functional block diagram showing an echo

canceller in accordance with another embodiment of the present
invention;

Fig. 12 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 1l1;

Fig. 13 is a functional block diagram showing an echo
canceller in accordance with another embodiment of the present
invention;

Fig. 14 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 13;

Fig. 15 is a functional block diagram showing an echo

canceller in accordance with another embodiment of the present

invention:
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Fig. 16 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 15;

Fig. 17 is a functional block diagram showing an echo
cénceller in accordance with another embodiment of the present
invention:

Fig. 18 is a flowchart for explanation of the function
of an adaptive operation control ﬁﬁit shown in Fig. 17;

Fig. 19 is a functional block diagram showing an echo

canceller in accordance with another embodiment of the present

invention;
Fig. 20 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 19;

Fig. 21 is a functional block diagram showing an echo
canceller in accordance with another embodiment of the present
invention:

Fig. 22 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 21;

Fig. 23 is a functional block diagram showing an echo
canceller in accordance with another embodiment of the present
invention;

Fig. 24 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 23;

Fig. 25 is a functional block diagram showing an echo
canceller in accordance with another embodiment of the present

invention;

s
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Fig. 26 is a flowchart for explanation of the function
of an adaptive operation control unit shown in Fig. 25;

Fig. 27 is a functional block diagram showing an echo
caﬁceller in accordance with another embodiment of the present
invention;

Fig. 28 is a flowchart for explanation of the function
of an adaptive operation control”uﬁit shown in Fig. 27;

Fig. 29 is a functional block diagram showing another
embodiment of the FIR filter shown in Figs. 1 to 5, 7, 9, 11,
13, 15, 17, 19, 21, 23, 25 and 27;

Fig. 30 is a functional block diagram showing a
conventional echo canceller:

Fig. 31 is a functional block diagram showing another

conventional echo canceller:

Fig. 32 is a functional block diagram showing another

conventional echo canceller: and

Fig. 33 is a functional block diagram showing another

conventional echo canceller.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Now, a description will be given in more details of
preferred embodiments of the present invention with reference
to the accompanying drawings.
In an echo canceller according to one embodiment of the
present invention, as shown in  Fig. 1, receive-signal input

terminals 11 to 1n, receive-signal output terminals 21 to 2n,
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transmission-signal input terminals 31 to "3n, transmission-
signal output terminals 41 to 4n, FIR filter sections 51 to 5n,
subtractors 61 to 6n, filter coefficient updating circuits 71
td.7n and double-talk detector circuits 81 to 8n correspond to
those of the above conventional example shown in Fig. 30. An
adaptive operation control unit 90 selects the m-channels (m is
an integer smaller than n) in which the adaptive operations are
done from all the n-channels every sampling time in accordance
with the count value ¢ (integers of 0 to n-1) from an n-
notation counter 160 that increases the count value every given
period, and outputs, as produced selection signals, "1"s to the
selected m-channels of the AND circuits 151 to 15n and "0"s to
other (n-m)-channels. The AND circuits 151 to 15n calculate
the logical AND of the selection signals from the adaptive

operation control unit 90 and the detection signals from the
double-talk detection circuits 81 to 8n, and output the AND-

operated signals as the control signals +to the filter
coefficient updating circuits 71 to 7n. Since the maximum
number of channels in which the adaptive operation are done at
a certailn sample time is m, the processing complexity of the
filter coefficient updating circuit can be reduced to at least
m/n. Also, since the adaptive operation channel is selected in
accordance with the count value, the echo canceling performance
Of each channel can be equivalent to.that of other channels.
The echo canceller of the above embodiment is of the

system in which the adaptive operation is controlled for each
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channels.

In the adaptive operation control system according to
the .above embodiment, for example, it is assumed that the
number n of all channels is 4, the number m of channels in

which the adaptive operation are done is 2, and the count value

c at a certain sampling time i is 3. Then, the adaptive
operation control unit 90 selects channel numbers t(0) = 4 and
t(l) = 1 in which the adaptive operation are done using an

equation stated below, and output the selection signals of "1"s
to the AND circuits 151, 154 of #1 and #4 channels which have
been selected as channels in which the adaptive operation are
done and output "0"s to the AND circuits 152, 153 of #2 and #3
channels which have not been selected.

t(1) = mod (c + i, n) + 1 i = 0 to m-1
where mod (a,b) represents a residue of dividing a by b.

Subsequently, double-talk detection circuits 81, 84 and
82 and 83 judge whether the selected #1 and #4 channels and the
non-selected #2 and #3 channels are in the double-talk/silent
state, or not.

The AND circuits 151 to 154 input the selection signals
from the adaptive operation control unit 90 and the detection
signals of "0" or "1" from the double-talk detection circuits
81 to 84, and output the control signals "0" or "1" which are
the results of operating logical AND of the selection signals

and the detection signals. Further, when the control signals
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from the AND circuits are "0", the filter coefficient updating
circuits 71 to 74'do not update the filter coefficients, but
when the control signals are "1", the circuits update the
filter coefficients.

In the embodiment of the present invention shown in
Fig. 1, the adaptive operation control wunit 90 may be
structured as an adaptive operation control unit 90a that
selects channels in which the adaptive operation are done from
all the n-channels every sampling time and produces selection
signals in accordance with a random number r (an integral
number of 0 to n-1) from a random number generator 170 which is
provided instead of a counter 160 and generates the random
number every given period as shown in Fig. 2. The same effect
is obtained.

In the adaptive operation control system according to
the above embodiment, for example, it is assumed that the
number n of all channels is 4, the number m of channels in
which the adaptive operation are done is 2, and the random
number r at a certain sampling time i is 4. Then, the adaptive
operation control unit 90a selects channel numbers t(0) = 1 and
t(l1) = 2 in which the adaptive operation are done using an
equation stated below, and output the selection signals of "1's
to the AND circuits 151, 152 of #1 and #2 channels which have
been selected as channels in which the adaptive operation are

done and output "O"s to the AND circuits 153, 154 of #3 and #4

channels which have not been selected.
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t(i) = mod (r.-+ i, n) + 1 1 =0 to m-1

Subsequently, double-talk detection circuits 81, 82 and
83 and 84 judge whether the selected #1 and #2 channels and the
nénﬁselected #3 and #4 channels are in the double-talk/silent
state, or not.

The AND circuits 151 to 154 input the selection signals
from the adaptive operation control unit 90a and the detection
signals of "0" or "1" from the double~talk detection circuits
81 to 84, and output the control signals "0" or "1" which are
the results of operating logical AND of selection signals and
the detection signals. Further, when the control signals from
the AND circuits are "0", the filter coefficient updating
circuits 71 to 74 do not update the filter coefficients, but
when the control signals are "1", the circuits update the
filter coefficients.

In the embodiment of the present invention shown in
Fig. 1, the adaptive operation control unit 90 may be
structured as an adaptive operation control unit 90b that
selects channels in which the adaptive operation are done from
all the channels every sampling time and produces selection
signals in accordance with the estimation value of an echo
attenuation amount from the convergent-state detectors 181 to
18n of the respective channels which are provided instead of a
counter 160 as shown in Fig. 3. The same effect is obtained.

The convergent-state detectors 181 to 18n estimate the

amount of echo attenuation for each channel from a power ratio
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of the receive signals yl(i) to yn(i) from the receive-signal
input terminals ll. to 1In to the residual signals el(i) to 1n(i)
from subtractors 61 to 6n. For example, it is assumed that the
ambunt of echo attenuation in a channel k at the sampling time
i 1s fk(i), the level of the receive signal is L(yk(i)), and
the level of the residual signal is L(ek(i)). Then, fk(i) can

be estimated by setting, when fk”('i-l) > L(yk(i))/L(ek(i)),

fk(i) = (l-a)fk(i-1), and when fk(i-1) < L(yk(i))/L(ek(i)),
fk(i) = (1+B)fk(i-1) (o and B are values sufficiently smaller
than 1). The convergent-state detectors 181 to 18n do not

estimate the echo attenuation amount when the detection signal
of the associated channel from the double-talk detection
circuits 81 to 8n are "0O".

In the adaptive operation control system of the above
embodiment, for example, it is assumed that the number n of all
channels is 4, the number m of channels in which the adaptive
operation are done is 2, and the estimated values of the amount
of echo attenuation at a certain sampling time i are
30/10/20/40 dB in the respective #1/#2/#3/#4 channels. Then,
the adaptive operation control unit 90b outputs the selection
signals of "1"s to the AND circuits 152, 153 of #2 and #3
channels which have been selected as channels in which the
adaptive operation are done in the order of the smaller amount
of echo attenuation and output "0"s to the AND circuits 151,

154 of #1 and #4 channels which have not been selected.
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Subsequently, double-talk detection___g_.f_z;c.:u’i‘ts 82, 83 and
81, 84 judge whetﬁer the selected #2 and #3 channels and the
non-selected #1 and #4 channels are in the double-talk/silent
state, or not.

The AND circuits 151 to 154 input the selection signals

from the adaptive operation control unit 90b and the detection

signals of "0" or "1" from the double-talk detection circuits
81 to 84, and output the éontrol signals "0" or "1" which are
the results of operating logical AND of selection signals and
the detection signals. Further, when the control signals from
the AND circuits are "0", the filter coefficient updating
circuits 71 to 74 do not update the filter coefficients, but
when the control signals are "1", the circuits update the
filter coefficients.

In the embodiment of the present invention ' shown in
Fig. 1, the adaptive operation control unit 90 may be
structured as an adaptive operation control unit 90c that
selects channels in which the adaptive operation are done from
all the channels every sampling time and produces selection
signals in accordance with the estimation value of a residual
echo level from the residual echo level detectors 191 to 19n of
the respective channels which are provided instead of a counter
160 as shown in Fig. 4. The same effect is obtained.

The residual echo level detectors 191 to 19n estimate
the residual echo level for each channel from a power of the

residual signals el(i) to en(i) from the- subtractors 61 to 6n.
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For example, the residual echo level gk(@i;in.g.channe; k at
the sampling time.i can be estimated by setting, when gk(i-1)
> L(ek(1)), gk(i) = (1l-a)gk(i-1), and when gk(i-1) < L(ek(i)),
gk(i) = (1+B)gk(i-1). The residual echo level detectors 191 to
19n do not estimate the residual echo level when the detection
signal of the associated channel from the double-talk detection
circuits 81 to 8n are "Q".

In the adaptive oéeration control system of the above
embodiment, for example, it is assumed that the number n of all
channels is 4, the number m of channels in which the adaptive
operation are done is 2, and the estimated value of the
residual echo level at a certain sampling time i are -30/-10/-
20/-40 dBm0 in the respective #1/#2/#3/#4 channels. Then, the
adaptive operation control unit 90c outputs the selection
signals of "1"s to the AND circuits 152, 153 of #2 and #3
channels which have been selected as channels in which the
adaptive operation are done in the order of the higher residual
echo level and output "0"s to the AND circuits 151, 154 of #1
and #4 channels which have not been selected. The operation of
the AND circuits 152, 153 and 151, 154, the filter coefficient
circuits 72, 73 and 71, 74 are idéntical with the embodiment

shown in Fig. 3.

Also, the adaptive operation control unit 90, 90a, 90b
and 90c in accordance with the embodiments of the present
invention shown in Figs. 1, 2, 3 and 4 may be structured as

adaptive operation control units 90d, S%0e, 90f and 90g which
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give priority to a channel which is not in a double-talk/silent
state ‘and generates a selection signal with respect to the '
detection signals from a plurality of double-talk detection
ciicnits 8l to 8n to output the generated selection signal as
the control signal of "1" and "0" to a plurality of filter
coefficient update circuits 71 to 7n, as shown in Figs. 5, 7,
9 and 11. The same effect is obtained.

The adaptive operation control units 90d/90e, when
selecting the m-channels in which the adaptive operation are
done from all the n-channels, at first, reset variables i and
j, as shown in Figs. 6 and 8 (steps sl and s2 in Figs: 6 and
8) .

Next, a channel number t, that is a candidate channel
in which the adaptive operation is done, is calculated from the

following equation in accordance with the count value c / the

random number r from the counter 160/ the random number
generator 170 (step s3 in Fig. 6/step s3a in Fig. 8).

t = mod (c + i, n) + 1 i =0

t =mod (r + i, n) + 1 i1 =0

Subsequently, the adaptive operation control units
90d/90e input the detection signal of "0" or "1" from the
double-talk detection circuit 8t which judge whether #t channel
status is the double-talk/silent state, or not, and selects the
channel as a channel in which the adaptive operation is done

when it is "1", but does not select the channel as a channel in

which the adaptive operation is done when it is "Q" (steps s4
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and s5 in Figs. 6 and 8). Further, the adaptive operation
control units 90d/90e terminate the operation when i = n or 3
= m (m-channels can be selected)(stepé s6 to s9 in Figs. 6 and
8f,,and output the respective control signals of "1"s to the
filter coefficient updating circuits 71 to 7n of the selected
channels and output the respective control signals of "0"s to

- - -

others.

The adaptive operation control units 90f/90g, as shown
in Figs. 10 and 12, when selecting the m-channels in which the
adaptive operation are done from all the n-channels, first
input the estimation value of the echo attenuation amount/the
estimation value of the residual echo level from the
convergent-state detectors 181 to 18n/the residual echo level
detectors 191 to 19n, and store channel numbers into a select
priority buffer P in order of smaller estimated amount of echo
attenuation/in order of higher residual echo levels in all the
n-channels. Also, the adaptive operation control unit 90£/90g
reset 1 and j (steps sl and s2 in Figs. 10 and 12). Then, the
adaptive operation control units 90£f/90g input the detection
signal of "0" or "1" from the double-talk detection circuits 81
to 8n and get P(0), that is the 0th element of the select
priority buffer P, and select the #P(0) channel as a channel in
which the adaptive operation is done, when the detection signal
from the double-talk detection circuit of the #P(0) channel is
"l", but not select the channel when it is "(Q" (steps s4a and

s5a in Figs. 10 and 12). Further, the adaptive operation
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control units 90£f/90g- terminate the operation when i = n or
= m in the order of i =1, 2, ..., and output the respective
control signals of "1"s to the filter coefficient updating
ci.rc.uits /1 to 7n of the selected channels and output the
5 respective control signals of "0"s to others (steps s6 to s9 in

Figs. 10 and 12).

in Figs. 1 to 5, /7, 9 and 11, the adaptive operation control
units 90, 90a, 90b, 90c, 90d, 90e, 90f and 90g may be
Structured by adaptive operation control units 90h, 90i, 907,
90k, 90m, 90n, 90p and 90g which give priority to the channels
which are in busy state, based on state signals from signaling
detectors 211 to 21n which monitor the signaling state of the
respective channels, judge whether it is in busy state, or not,
and output the state signal "1" when it is in busy state and
"0" when it is in idle state, as shown in Figs. 13, 15, 17, 19,
21, 23, 25 and 27. The same effect is obtained.

The adaptive operation control units 90h/90i, as shown
in Figs. 14 and 16, first conduct the same operation as that of
the steps sl to s3 in Fig. 6 and the steps sl to s3a in Fig. 8
(steps sl to s3 in Fig. 14, and steps sl to s3a in Fig. 16).
Then, they input the state signal of "1" or "0" from the
signaling detectors 211 to 21n for judging whether the #t
channel is in busy state, and select .the channel as a channel
in which the adaptive operation is done when the state signal

from the signaling detector 21t is "1l", but does not select the



10

15

20

25

9201013

channel when it is "0'! (steps s4b and s5 in"Figs. 14 and 16).
Further, they con&uct the same operation as the steps s6 to s9
in Figs. 6 and 8 (the steps s6 to s9 in Figs. 14 and 16) .

The adaptive operation control units 903/90k, as shown
in Figs. 18 and 20, first conduct the same operation as that of
the steps s0 to s2 in Fig. 10 and the steps s0a/sl/s2 in Fig.
12 (steps s0 to s2 in Fig. 18, and gteps sla, sl and s2 in Figqg.
20). Then, the adaptive oberation control units 90j/90k input
the state signal of "1" or "0" from the signal detectors 211 to
2ln for judging whether the #p(0) channel that is selected as
a candidate channel in which the adaptive operation is done is
in busy state, or not, and select the channel as a channel in

which the adaptive operation is done when the state signal from

the signaling detector of the #P(0) channel is "1", but do not

select the channel when it is "0" (steps sd4c and s5a in Figs.

18 and 20). Further, the adaptive operation control units
903j/90k conduct the same operation as that of the steps s6 to

s9 in Figs. 10 and 12 (steps s6 to s9 in Figs. 18 and 20).

The adaptive operation control units 90m/90n, as shown
in Figs. 22 and 24, first conduct the same operation as that of
the steps sl to s3 in Fig. 14 and the steps sl/s2/s3a in Fig.
16 (steps sl to s3 in Fig. 22, and steps sl, s2 and s3a in Fig.
24). Then, they input the state signal of "1" or "0" from the
signaling detectors 211 to 21n for. judging whether the #t
channel selected as a candidate channel in which the adaptive

operation is done is in busy state, or not, and also input the
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detection signal of "0" or "1" from the double talk detection
circuits 81 to 8n‘for judging whether it is in a double-talk
state or a silent state. Then, they select the channel as a
cﬁannel in which the adaptive operation is done when both of
the state signal and the detection signal are "1", but do not
select the channel when any one of them is "Q°" (steps sd4b, s4
and s5 in Figs. 22 and 24). Fur{:-her, they conduct the same
operation as the steps s6 to s9 in Figs. 14 and 16 (the steps
s6 to s9 in Figs. 22 and 24).

The adaptive operation control units 90p/90q, as shown
in Figs. 26 and 28, first conduct the same operation as that of
the steps s0 to s2 in Fig. 18 and the steps sOa/sl/s2 in Fig.
20 (steps s0 to s2 in Fig. 26, and steps sla, sl and s2 in Fig.
28). Then, the adaptive operation control units 90p/90g input
the state signal of "1" or "0" from the signal detectors 211 to
2ln for judging whether the #p(0) channel selected as a
candidate channel in which the adaptive operation is done is in
busy state, or not, and also input the detection signal of "0
or "1" from the double-talk detection circuits 81 to 8n for
judging whether it is in the double-talk state or in the silent
state. Then, they select the channel as a channel in which the
adaptive operation is done when both of the state and detection
signals are "1", but do not select the channels when any one of
them is "0" (steps sd4c, sd4a and sSa "in Figs. 26 and 28).

Further, the adaptive operatiom control units 90p/90g conduct
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the same operation as. that of the steps sb to s9 in Figs. 18
and 20 (steps s6 to s9 in Figs. 26 and 28).

In the above embodiments of the present invention shown
in Figs. 1-5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25 and 27, the
FIR filter section 5z (z = 1 to n), as shown in Fig. 29, may be
made up of receive signal registers 5120 to 51zb and filter

coefficient registers 5220 to 52zb, ‘the convolution calculators

53z0 to 53zb, coefficient power calculators 54z0 to 54zb, which
are constituted by a plurality of blocks, and an FIR filter
unit 5za having a block selecting section 55z and an adder 56z
which are common to the respective blocks. The filter
operation processing load of the channel in which the adaptive
processing complexity is not done can be reduced to s/(b + 1)
(s 1s an integral number smaller than the number of blocks (b
+ 1).

The k-th receive signal register 51zk stores receive
signals yz(i - j * k), yz(i - § * k ~1l), <o, yZ(i - J * (k +
1) + 1) of j samples, which is the quotient obtained by
dividing the total number h of the stored receive signal
samples by the number (b + 1) of blocks from the receive signal
input terminal 1z (z = 1 to n) at a sampling time i.

The k~th filter coefficient register 52zk stores filter
coefficients az, (i), AZp1 (1), oo, @Zjyx + 1)-1(1) of the
samples which are the same as the number of samples stored in

the receive signal register 51zk at the sampling time 1i.
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The k-th convolution calculator unit 53zk calculates
the convolution Sk(i) of the storage values of the k-th receive
signal register and filter coefficient register as shown in the
foilowing equation and output Sk(i) when the control signal
from the block selecting section 55z is "1", and does not
calculate the convolution and output 0 when it is "0" +to an
adder 56Z respectively.

Si(i) = Byazu(i) * yz(i - u),

u =3 *k to j * (k+ 1) -1

The k-th coefficient power calculation unit 54zk
outputs calculates the power (for example, sum of squares) of
storage value of the k-th filter coefficient register 52zk as
shown in the following equation to output its calculation

result P(ax(i)) to the block selecting section 55z.

Il

Pac(1)) = Du{az. (1)}, u =3 * k to § * (k + 1) - 1
The block selecting section 55z output "1" to all of
the convolution calculators 53z0 to 53zb when the filter
coefficient updating operation is conducted, "1" to the
respective s convolution calculators of from the largest block
to the s-th (s is an integral number smaller than the number (b
+ 1) of blocks) larger block among the coefficient power
calculation results P(ag(1)), P(a,;(1)), ..., P(ay(1)) from all
the coefficient power calculation units 54z0 to 54zb, and "Q"

to the convolution calculator of blocks other than the abave

blocks when the filter updating.operation is not conducted, in
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accordance with a control signal from an AND circuit 15z (z =
1 to n) or adaptive operation control units 90/90a to 90q.
The adder 56z calculates the total sum Sy(i) + S;(i) +
 .:+&%(1) Of the convolution results from all the convolution
calculators 53z0 to 53zb to output the total sum to a

subtractor 6z (z = 1 to n).

The FIR filter uni1.: 5za in 1!he above embodiment outputs
"l" to all the convolution calculators 53z0 to 52-b from a
block selecting section 55z at a sampling time at which the
filter coefficient updating operaﬁioh is conducted. Hence, the
total sum rz(i) calculated by the adder 56z is the same as the
echo replica produced by the FIR filter unit 5z of the above-
mentioned prior art, as follows.
rz(1) = Sp(i) + S;(i) + ..... + Sy(i)
= L,82,(1) * yz(i - u) + 2182, (1) * yz(i - ul) +
T By8243(1) * yz(i - u2)
= Zy38Zy3(1) * yz(i - u3)

= L aze(l) x yz(i - k)

where u = 0 to j - 1, ul J to 2 - 1, u2 = b * § to (b + 1)

Il

* 5 - 1, u3 0 to (b + 1) * j -1, and kX =0 to h - 1.

On the other hand, the present invention is not limited
to the example in which "1" is coutputted to all the blocks from
the block selecting section 55z at the sampling time at which
no filter coefficient updating operation is conducted. In this

example, it is assumed that "0" is ocutputted to the blocks 0

and 1 whereas "1" is outputted to other blocks. Then, the

~- 28 -



10

15

20

25

become Sy(i). It should be noted that the values of the block
coefficients azo(i) to azy;,(i) which are not used for

calculating the convolution are smaller than other block
coefficients, and therefore, if the convolution Operations are
done in the blocks 0 and 1, the com&alution results are smaller
than those of the other blocks. Therefore, the total sum rz (i)
1s substantially the same as the result of conducting
convolution over all the blocks, thus not influencing the echo
canceling performance.

As was described above, since the echo canceller of the
present invention is of the multi-channel echo canceling system
in which the adaptive operation of each channel is controlled
impartially to cancel echoes from a plurality of channels, the
echo canceling performance of each channel is equivalent to
those of the other channels, and the processing complexity is
reduced, thereby being capable of obtaining the echo canceller
for multi-channel processing, in comparison with the

conventional systems, that is, the multi-channel echo canceling

system that cancels echo independently in each channel, the

cancel the echo, and the multiZchannel echo canceling system

that 1limits to m-channels in which - the adaptive filter
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operation are done among all n-channels

number smaller than n) to cancel the echo.

and description. It is not intended to be exhaustive or to

limit the invention to the precise form disclosed, and

modifications and variations are po‘ssible in light of the above

teachings or may be acquired from practice of the invention.
The embodiment was chosen and described in order to explain the

principles of the invention and its Ppractical application to
enable one skilled in the art to utilize the invention in

various embodiments and with various modifications as are

suited to the particular use contemplated. It is intended that

the scope of the invention be defined by the claims appended

hereto, and their equivalents.
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The embodiments of the invention 1in which an

exclusive property or privilege are shown are described as

follows:

1. An echo canceller for multi-channel processing,

comprising:

a plurality of channels each of which includes a

subtractor for subtracting an echo replica supplied by a

finite 1length 1impulse response (FIR) filter unit from a

transmission signal supplied by a transmission-signal input

terminal to output a residual signal to a transmission-

signal output terminal;

sald plurality of FIR filter units storing filter

ﬁ

coefficients which are estimated 1impulse responses of echo

paths and recelive signals from a plurality of receive-signal

input terminals to produce the echo replicas by performing

{1

ficients and the receive

convolution of the filter coe:

signals;

pr—

ecach of said channels further 1ncluding a double-talk

detection circuit for monitoring powers of the transmission
signal and the receilve signal from a corresponding one of
sald transmlssion and recelve slignal 1nput terminals and a
residual signal from a corresponding cne o0of said subtractors

to detect double-talk presence and absence thereof and to

output a detection signal;

each of said channels further 1including a (filter

coefficient updating circulilt for updating the filter
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coefficients stored 1n a corresponding one of said FIR

filter units according to a control signal;

a sequence generator generating a sequence signal;

an adaptive-operation control unit for selecting said
channels 1n accordance with the segquence signal from said
sequence generator and on the basis of a limitation result

to output a selection signal;

a plurality of AND circuits each of said AND circuilts

L

outputting the control signal produced by a logical AND of

p—

the detection signal from a corresponding one of saild

double-talk detection circuits and the selection signal to a

P

corresponding one of said plurality ot filter coefficient

updating circuilts.

2 . The echo canceller as claimed i1n claim 1, wherein
sald sequence generator 1s a random—-number generator for
generating a random number as the sequence signal every time

period.

3. The echo canceller as claimed 1n claim 1, wherein

F

sald sequence generator 1ncludes a plurality o©of convergent-

state-detection units for estimating an echo attenuation

amount as the sequence signal for each of said channels from

a power ratio of the receive signal from the plurality of

receive signal input terminals to the residual signal from

the plurality of subtractors.
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4 . The echo canceller as claimed in claim 1, wherein

sald sequence generator includes a plurality of residual

echo level estimation units for estimating a residual echo

level as the sequence signal for each of said channels from

a power of the residual signal from the plurality of

subtractors.

5. The echo canceller as claimed in claim 1, wherein
said AND circuits are not included in said channels and said
double-talk detection circuits are connected to sald
adaptive operation control unit;

sald adaptive-operation control unit giving a priority
to at least one of said channels which is not in a double-

talk presence state by generating the control signal and

sending the control signal to said filter coefficient update

clrcult having the priority.

. The echo canceller as claimed in claim 1, each of

sald channels further including a signaling detection unit

for monitoring the signaling state of the corresponding
channel to judge whether the corresponding channel is in a
busy state and outputting a busy state signal to said
adaptive-operation control unit,

wherein sald adaptive-operation control wunit gives

priorlity to busy channels based on the busy state signals.
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7. The echo canceller as claimed in claim 1, each of

said FIR filter units further including:

plural blocks of receive-signal registers for storing

F

recelve signals of a predetermined number of samples from

sald recelve-signal 1input terminals at respective sampling

times;

F
pu—

plural Dblocks of filter <coefficient registers for

sequentlially updating and storing filter coefficients at the

respective sampling times according to control signals from

said plurality of filter coefficient updating circuits;

plural blocks of convolution calculators for subjecting

the respective stored receive signals from said receive-

signal registers and filter coefficients from said filter

coefficient registers to perform convolution according to a
second control signal;

a channel Dblock selecting section for outputting the

second control signal;

plural blocks of coefficient power calculation units

for subjecting salid filter coefficient values to a

coefficient power operation each time period to output a

coefficient power operation result;

said channel block selecting section outputting said
second control signal according to the control signal from a
corresponding one of said AND circuits and coefficient power

g—

results  of said plural Dblocks of coefficient power

calculation units; and
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N

'

a channel adder for outputting a sum of the results O:

convolution from said plural plocks of convolution

calculators to said plurality of subtractors.

3 . The echo canceller as claimed in c¢laim 1, wherein

said sequence generator 1is a counter 1incrementing the

sequence signal every time period in a circular fashion

P

within a range of 1 to the number of said channels.

9. The echo canceller as claimed in claim 5, wherein

said sequence generator 1s a random-number generator for
generating a random number as the sequence signal every time

perlod.

10. The echo canceller as claimed in claim 5, wherein

said sequence generator 1s a counter 1ncrementing the

sequence signal every time period 1in a circular fashilon

P

within a range of 1 to the number of said channels.

11. The echo canceller as claimed in claim 5, whereln

said sequence generator includes a plurality of convergent-

state-detection units for estimating an echo attenuation

—

amount as the sequence signal for each of said channels from

a power ratio of the receive signal from the plurality of

receive signal input terminals to the residual signal from

the plurality of subtractors.
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12. The echo canceller as claimed in claim 5, wherein

said sequence generator includes a plurality of residual

echo level estimation units for estimating a resildual echo

level as the sequence signal for each of said channels from

a power of the residual signal from the plurality of
subtractors.
13. The echo canceller as claimed in claim 6, wherein

said sequence generator 1s a random-number generator for

generating a random number as the sequence signal every time

peri1od.

14. The echo canceller as claimed in claim 6, wherein
said sequence generator 1s a counter 1ncrementing the
sequence signal every time period 1in a circular fashion

i g

within a range of 1 to the number of said channels.

15. The echo canceller as claimed in claim 6, whereiln

said sequence generator includes a plurality of convergent-

P

state-detection units for estimating an echo attenuation

amount as the sequence signal for each of said channels from

a power ratio of the receive signal from the plurality of

receive signal input terminals to the residual signal from

the plurality of subtractors.

16. The echo canceller as claimed in claim 6, wherein

said sequence generator includes a plurality of residual
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echo level estimation units for estimating a residual echo

level as the sequence signal for each of said channels from

a power of the residual signal from the plurality of
subtractors.
17. The echo canceller as claimed in claim 5, each of

said channels further including a signaling detection unit

for monitoring the signaling state of the corresponding
channel to judge whether the corresponding channel 1s 1n a
busy state and outputting a busy state signal to sald

adaptive-operation control unit,
wherein said adaptive-operation control unit gives

priority to busy channels based on the busy state signals.

18. The echo canceller as claimed in claim 17, wherein

said sequence generator 1is a random-number generator for

generating a random number as the sequence signal every time

period.

19. The echo canceller as claimed in claim 17, whereiln

said sequence generator 1s a counter incrementing the

sequence signal every time period 1in a circular fashion

within a range of 1 to the number of said channels.

50. The echo canceller as claimed in claim 17, wherein

said sequence generator 1includes a plurality of convergent-

state-detection units for estimating an echo attenuation

‘ gt e meeen o 172NN a3 0 2795 U 2 | HOE S AL Lo 10T 1 dacdeamelion st A4 (A LLLLELCELL
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amount as the sequence signal for each of said channels from
a power ratio of the receive signal from the plurality of
receive signal input terminals to the residual signal from

—

the plurality of subtractors.

51. The echo canceller as claimed in claim 17, wherein

P
pr—

said sequence generator 1ncludes a plurality of residual

ccho level estimation units for estimating a residual echo

level as the sequence signal for each of said channels from

1}

a power of the residual signal <from the plurality of

subtractors.
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S3 |t=mod(c+i,n)+1

INPUT
FROM DOUBLE-TALK
DETECTION CIRCUIT CHANNEL "t*
S EQUA})L TO "’

NO

54

l YES

g5 | SELECT CHANNEL "t' AS CHANNEL FOR
| PERFORMING ADAPTIVE OPERATION

S7 =1+ 1

l S8 0 YES

NO

- —Nosg

YES

END
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2| j=0

S4

S5

S3a| t=mod(r+i,n)+1

INPUT

FROM DOUBLE-TALK

DETECTION CIRCUIT CHANNEL *t!

' IS EQUAL TO "1°
?

NO

YES

SELECT CHANNEL "t" AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION

S6 j=j+1

-t ]

S7
S8
NO

>
>

YES
NO

59
YES




9/32

02201013 1997-05-30

CA

puk S
uj LINDHID DNILYAdN ug |
ugl INFIDIH300 HALTH | LINN mm__:_“_mmm m
HOL103130 cw LINDHID | us N Yo
J1V1S NOILO313d !
up  |-INTDHIANOD MIVL-378000 [~ ug !
%A (ury - .Mv “
| » (1) us N hux
m ug
. R
m (1) 2A !w “
Al LINOHID DNILYAdN | ¢C
8l INJI0144309 HAL I "
 — "
HOLO313Q > 1INOHID 3 P
J1V1S ———— NOILO313a | |
; 2y |-INIDHIANOD -9 | ¥¥L-318n0q ) 2¢ !
LINN | Ve L"
TOHLNOD | MI |» ~ » | (1) 2x %
NOILYH3dO <— ¢9
JAILAYAY E——
w 0 1A |
106 A 1INOHID DNILVAdN m
181 IN3ID144309 HAL 4 L
HOL03130 _m TINOHID 5 m
31V1S = NOIL0313a "
1 |-LNIDHIANOD MTV1-379N0d e
%X. » () 1y - % |
) 18 + mix



SO

CA 02201013 1997-05-30

10/32

FIG. 10

F START )

STORE CHANNEL NUMBERS WITH RESPECT TO ALL CHANNELS "n’
WITH POOR CONVERGENT-STATES IN ARRAY P (t) (t=0 ~n-1)

S 1=0

2|  j=0

INPUT

FROM DOUBLE-TALK

DETECTION CIRCUIT OF CHANNEL

P (i) IS EQUAL TO "1"
I)

NO

Sda

YES

a5, | SELECT CHANNEL P (i) AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION




11/32

02201013 1997-05-30

CA

() uA RS
uj 1INDHID DNILYAdN ug !
ug| IN3I9144309 HIL I LN 52 12 did "
\ A Dm m
40103130 u/ 1INDHID - NW
13A3T0HO3 | NOILD3130 "
up WNAISIH | g | VL-378n0C ug |
b1 : Ul I
. 1) us + (Jux ~
| m U9
| . .
| (1) 2A vw "
¢l 1INDHIQ HNILYAdN ¢
| IN3I0134300 H3LI- LN 831 14 di m
__ HOLO3 130 Nm 1INOHID ¢3 2w
TATT0HO3 | | —1 NOILD313A “
20 VNAIS3H 29 | ¥V.L-318N00 o0 |
LINN . "
TOHINOD ba B - ! T o {
NOILYH3dO —— 29 .
3IAILdYQY _
. —— —
- w @ T () WA H _ ¢
Ll 1INDHID ONILYAdN 12
| 16l IN3IDI44300 AL LINN g3 jid Hi o

1S

40104130
13A37 OHO3
1vNAIS3d

LINJYIO
NOI10313d
ATVL-319N0d

o

L—----_-------_—--J




CA 02201013 1997-05-30

12/32

FIG. 12

START )

STORE CHANNEL NUMBERS WITH RESPECT TO ALL CHANNELS "n’

S02 | WITH HIGH RESIDUAL ECHO LEVELS AS TO ARRAY P (1) (t =0 ~ n-1)
s1|  i=0
S2 |=0

INPUT

FROM DOUBLE-TALK NO

S4a DETECTION CIRCUIT OF CHANNEL

P () IS EQUAL TO "1"
?

YES

a5, | SELECT CHANNEL P (i) AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION

S6| j=j+1
S7 =i+ 1
YE
58 <=7 >
NO
i, i _NO 89
. YES |

END
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FIG. 14

( START )

S3 [t=mod (C+i,n)+1

INPUT

FROM SIGNALING

DETECTOR OF CHANNEL "t*

IS EQUAL TO "1
?

S4b

YES

g5 | SELECT CHANNEL "t AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION

86 j:j+1

=1+ 1

;

S8 0 e
NO

NO @ S9
YES

NO
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S3a|t=mod (r+i,n) + 1

INPUT

FROM SIGNALING

DETECTOR OF CHANNEL "t*

IS EQUAL TO "1°
?

S4b NO

YES

g5 | SELECT CHANNEL "t" AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION

86 ] :j <4 1

S7| i=i+1

S8 0 =0
NO

. NO @ S9

YES

Co)
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FIG. 18

f START )

30 | STORE CHANNEL NUMBERS WITH RESPECT TO ALL CHANNELS "n’
WITH POOR CONVERGENT-STATES AS TO ARRAY P (1) (t =0 ~ n-1)

S =0

52 =0

INPUT

FROM SIGNALING

DETECTOR OF CHANNEL

P (i) IS EQUAL TO "1"
?

NO

S4c

YES

354 | SELECT CHANNEL P (i) AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION

S6| j=j+1

S7
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FIG. 20

( START )

S0a| STORE CHANNEL NUMBERS WITH RESPECT TO ALL CHANNELS "n'
WITH HIGH RESIDUAL ECHO LEVELS AS TO ARRAY P (t) (t=0 ~ n-1)

S =0

52 =0

INPUT

FROM SIGNALING

DETECTOR OF CHANNEL

P (i) IS EQUAL TO "1’
?

S4c NO

YES

554 | SELECT CHANNEL P (i) AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION

S6| j=j+1

S7
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FIG. 22

S3 szod(c+i,n)+1

INPUT
FROM SIGNALING DETECTOR
OF CHANNEL "t" IS EQUAL
TO "1"?

YES

INPUT
FROM DOUBLE-TALK

DETECTION CIRCUIT OF CHANNEL
1S EQUAL TO *1'
?

Sdb NO

NO

S4

YES

g5 | SELECT CHANNEL "t" AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION

S6 =]+ 1
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FIG. 24

SSa'tzmod(r+i,n)+1

INPUT FROM
SIGNALING DETECTOR OF
CHANNEL "t" IS EQUAL

T0O "1"?
YES

INPUT
FROM DOUBLE-TALK

Sdb NO

NO

S4

DETECTION CIRCUIT OF CHANNEL
't" IS EQUAL TO "1"
?

YES

g5 | SELECT CHANNEL "t AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION

S6| j=j+

S7 =1+ 1

58 <i=n? >
T N

YES
NO
S9
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FIG. 26

gs TART

50| STORE CHANNEL NUMBERS WITH RESPECT TO ALL CHANNELS "n'
WITH POOR CONVERGENT-STATES AS TO ARRAY P (t) (t=0 ~ n-1)

S 1=0

S2 |=0

INPUT FROM
SIGNALING DETECTOR OF
CHANNEL g (i) IS EQUAL
T II1 Il?

YES

INPUT

FROM DOUBLE-TALK

DETECTION CIRCUIT OF CHANNEL

P (i) IS EQUAL TO "1
I?

N .
S4c O

NO

S4a

YES

g54 |SELECT CHANNEL P (i) AS CHANNEL FOR
PERFORMING ADAPTIVE OPERATION

S6__i=i+1

S7 =1+ 1

58 <i=n? > YES
NO
— P >
YES
(__END
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START

FIG. 28

{

S0 | STORE CHANNEL NUMBERS WITH RESPECT TO ALL CHANNELS "’
WITH HIGH RESIDUAL ECHO LEVELS AS TO ARRAY P ({) (t=0 ~n-1)

S1| 1=0

2| =0

INPUT FROM
SIGNALING DETECTOR OF
CHANNEL g (i) IS EQUAL
T ll-lll?

YES

INPUT

FROM DOUBLE-TALK
DETECTION CIRCUIT OF CHANNEL

P (i) ISEQUAL TO "1*
?

S4c NO

NO

S4a

YES
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FIG. 30 (PRIOR ART)
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