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(57) Abstract

The invention relates to a method for avoiding self-oscillation in a four-wire loop in conjunction with echo cancellation ef­
fected with the aid of an adaptive filter (15). Self-oscillation is avoided for both long and short connections and also when signal­
ing with narrow-band signal?, by restricting the permitted range of the coefficients of the adaptive filter in a manner such that the
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λ METHOD FOR AVOIDING SELF-OSCILLATION IN CONJUNCTION WITH ECHO
A

CANCELLATION
\ /

TECHNICAL FIELD

The\present invention relates to a method for avoiding self- 
5 oscillation in a four-wire loop in conjunction with echo cancel- 

latidp effected with the aid of an adaptive filter.
\ 
\

BACKGROUND ART
\ 

A
In telecommunication systems in which adaptive echo cancellation 
is effected with the aid of an adaptive filter in a four-wire loop, 

10 in certain operational cases problems occur with self-oscillation, 
so-called "bursting". This phenomenon is caused by the presence in 
the four-wire loop of a feedback from the output of the adaptive 
filter to its input, via the far-end of the loop. In this way, a 
near-end signal is able to pass around the loop and appear as a 

15 far-end signal at the filter input, and thereby influence the 
setting of the adaptive filter. The risk of self-oscillation is 
greater in the case of shorter connections, for instance when so- 
called adaptive hybrids are used, than in the case of longer 
connections, for instance when so-called trunk echo cancelers are 

20 used. This is because the near-end signal passing around the loop 
is decorrelated as a result of the large delay that occurs in long 
connections.

ίΐϋί Hill

The "bursting" phenomenon and a method of reducing the risk of 
"bursting", i.e. self-oscillation, is described in W.A. Sethares, 

25 C.R. Johnson JR. and C.E. Rohrs: "Bursting in Adaptive Hybrids",
IEEE Transactions on Communications, Vol. 37, No. 8, August 1989, 
pages 791-799.

According to the known method there is used a so-called double­
talk detector and the updating of an adaptive filter used for echo 
cancellation is interrupted when signals from a near-end are 
detected. The method can be relatively successful in the case of 
trunk echo cancelers which are localized in a network so that the
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echo path will be relatively heavily attenuated, e.g. more than 6 
dB. However, attenuation of the echo is poorer in the case of an 
adaptive hybrid which lies in the actual 2/4-wire transition, and 
consequently the detector has a more difficult task. Furthermore/ 
there is a risk that any self-oscillation will be interpreted as 
a strong near-end signal, causing updating to be interrupted. In
this case, any self-oscillation that had commenced'would become 
permanent, which is unacceptable.

It has also been found that when the signals are narrow band 
10 signals, e.g. when they are comprised of pure tones, a weak near- 

end signal may also have a pronounced disturbing effect on the 
adaptive filter, and therewith result in self-oscillation. Tone 
signalling is found, for instance, in modem traffic. Consequently, 
when applying the known method there is a risk that self-oscil- 

15 lation cannot be avoided when transmitting narrow band signals.

Another method for avoiding self-oscillation in conjunction with 
echo cancellation is described in J.W. Cook and R. Smith: "An 
integrated circuit for analogue line interfaces with adaptive 
transmission and extra facilities", British Telecom. Technol. J. , 

20 Vol 5, No. 1, January 1987, pages 32-42. According to this method,
the adaptive filter is comprised of one of 24 predetermined 
filters. However, this merely provides highly limited possi­
bilities of effectively canceling echoes. Consequently, it is 
probable that the method can only be used for adaptive hybrids, 

25 due to the relatively low requirement of echo cancellation that 
then exists.

It is also known in conjunction with adaptive control to enhance 
the stability of an adaptive system, by limiting the permitted 
range for the coefficients of an adaptive filter. In this regard, 

30 it is necessary to be aware of the requirements that the adaptive 
filter must fulfil in order for the system to be stable, and to 
ensure that the coefficients are restricted in a manner which will 
fulfil these requirements. When the requirements for preventing 
self-oscillation are known and can be transferred to the coef- 

35 ficient space, i.e. to the value of the coefficients, it is
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possible, of course', to guarantee stability. However, a difficulty 
resides in finding a criterion which can readily be transformed to 
the coefficient space and which does not require undue calculation 
and which will not excessively restrict the permitted range.

5 ^Excessive limitation of the range would unnecessarily impair 
performance under the normal conditions in which no such limi­
tation is required.

One example of the restriction of the permitted range for filter 
coefficients is found described in A. Krieger and'' E. Masry: 

10 "Constrained Adaptive Filtering Algorithms: Asymptotic Conver­
gence Properties for Dependent Data", IEEE Transactions on 
Information Theory, Vol. 35, No. 6, November 1989, pages 1166- 
1176.

DISCLOSURE OF THE INVENTION

15 The object of the present invention is to provide a method of 
avoiding self-oscillation in a four-wire loop in conjunction with 
echo cancellation with the aid of an adaptive filter. The method 
shall be effective in both long and short connections and also 
when signalling with narrow-band signals. In brief, this is 

2 0 achieved by restricting the permitted range of the coefficients of 
the adaptive filter in a manner such that the absolute value of the 
filter transfer function will be sufficiently small for the 
amplification in the four-wire loop to be less than one.

In addition, particular methods are proposed for limiting the 
25 filter coefficients in a manner such that the aforesaid method 

will only require an moderate calculation-demanding procedure. I.

The invention is characterized by the features set forth in the 
following claims.

BRIEF DESCRIPTION OF THE DRAWING

3 0 The present invention will now be described in more detail with 
reference to the accompanying drawing, in which Figure 1 is a

L
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block schematic illustrating a four-wire loop which includes a / /■
trunk echo canceller; Figure 2 is a block schematic·equivalent tp 
the block schematic shown in Figure 1; and Figure 3 illustrates/an 
equivalent block schematic for a four-wire loop which incorporates 

5 an adaptive hybrid.

BEST MODE OF CARRYING OUT THE INVENTION

Figure 1 is a block schematic which constitutes an example of a 
four-wire loop incorporating an echo canceler which may function 
as a so-called trunk echo canceler for instance. Reference 

10 numerals 11 and 12 identify a two-wire line at a far-end and at a 
near-end respectively. Each of the lines is connected to a re­
spective two/four-wire hybrid 13 and 14. The echo canceler 
includes a digital adaptive filter 15 which is normally referred 
to as a balance filter in connection with echo canceling. The 

15 filter is coupled between a branch 16 with the transmission 
direction to the right, and a branch 17, 19 with the transmission 
direction to the left. An echo estimate is formed in the filter 15 
and subtracted from a signal in the branch 17 in a subtraction 
means 18.

2 0 Figure 2 illustrates a block schematic which is equivalent to the
schematic shown in Figure 1 and in which the transfer functions of 
different blocks have been marked. The same reference si^hs as 
those used in Figure 1 have also been used in Figure 2. The echo 
transfer functions for the two/four-wire hybrids 13, 14 and the 

25 transfer function for the balance filter 15 are called , Hfa ne 
and H , which stand for , H and H , respectively.ca far near cancel J

A trunk echo canceler is normally placed at a location where echo 
loss is greater than 6 dB. Consequently, in one such particular 
case the following will apply for the echo transfer function,

30 at the near-end: |H I < 0.5 (1)

and at the far-end: |Hf | <0.5 (2)

i
t:
ί

■ · a a ■ ■
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The resultant echo transfer function Η^θ for the hybrid 14 and the 
echo canceler 15 is:

H = H - Hre ne ca (3)

A sufficient condition for the stability is that the amplification 
in the four-wire loop is smaller than one, which gives:

Equation (4) together with equation (2) gives:

However the following applies:

(4)

(5)

(6)

with equation (6) gives the following

(7)

Equation (7) thus gives a general and adequate stability 
condition for an echo canceler according to Figures 1 and 2. This 
condition will guarantee stability when the absolute value of the 
balance filter transfer function is limited to being smaller than 
a given function of the echo transfer function in the far-end of 
the loop and in its near-end. One method of guaranteeing that 
|H I is restricted is to calculate the value of |H I, for 
instance by fourier transformation, and if this value is too large 
by multiplying all of the coefficients 
positive number which is smaller than 
to the permitted range.

in H with one and the same ca
one, so as to return |H I' ca 1

In the particular case according to 
adequate stability condition is:

equations (1) and (2), an

(8)
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With regard to equation (1), this condition is always fulfilled 
when

lHcal<l·5 (9) '
In order to ensure safely that the stability condition will be >

5 fulfilled, it is sufficient to fulfil the equation (7) . Naturally, 
it is possible to calculate |H | and to interrupt updating of the 
balance filter when the equation (7) is not fulfilled. The 
calculations required herefor, however, are excessive, since it 
involves a fourier transformation of the transfer function. Fur-

10 thermore, an interruption in the updating of the balance filter 
means that an optimum cannot definitely be achieved, with regard 
to the boundary condition. Instead of reaching an optimum, the 
updating is perhaps interrupted when reaching the boundary 
according to equation (7) .

15 Suggested below are also methods which are less requiring of 
calculations than the aforesaid fourier transformation and which 
result in the definite achievement of an optimum with regard to 
the boundary condition, and according to which the filter coef­
ficients are returned automatically to the permitted range should

20 they assume random values for some reason or other, for instance 
as a result of disturbance on the supply voltage. i

The most common type of adaptive filter in an echo canceler is an j
FIR-filter. This filter has the following transfer function:

H = E(b * z"V} (10)
ca v ' '

25 where b^ represents the adaptive coefficients and z = eJ . In the 
expression for z, T = 1/f , where f is the sampling frequency. .s s

The following relationship always applies: |z| = 1. The following . 
relationship therefore applies for the transfer function H : c a I 

|H I < S|b I '
1 ca1 1 v130 (11)
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which shows that when the coefficients are restricted during the 
updating process in accordance with

|H I < Zlb I < 1.5 (12)1 ca 1 v1

the stability condition will be fulfilled. It can be mentioned 
that the value 1.5 is appropriate for a trunk echo canceler. 
Another value which fulfills the conditions according to equation 
(7) should be chosen in other applications.

The condition according to equation (12) is simple to calculate, 
since it solely requires a summation of the absolute values of the 
coefficients.

The equals sign in equation (11), i.e. Max|Z{bv*z V)| = Σ|by| 
applies, inter alia, in the following cases:

- Only one coefficient is different to zero (all frequencies) .
- All coefficients have the same sign (f=o, i.e. direct current) .
- Each alternate coefficient is negative (f=fs/2) .
- Each alternate coefficient is zero and each alternate coef­
ficient of the remainder is negative and each alternate coef­
ficient positive (f=fs/4) .

It has been found that cases similar to those above can occur when 
both the near-end signals and the far-end signals consist of pure 
tones. The requirement for a summation of the absolute values is 
thus not unrealistically hard, but must generally be fulfilled in 
order to guarantee stability.

It is desirable to attain an optimum as quickly as possible even
when introducing a boundary condition, even though this optimum
lies on the boundary. By calculating the new values of the coeffi­
cients when updating the adaptive filter and not proceeding with
the updating when these new values do not fulfil the condition,
the result, under all circumstances, will be a slow convergence on
the boundary and perhaps prevent an optimum being achieved. Such
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a method is therefore unsuitable. In order to guarantee a rapid 
convergence and to achieve an optimum it is desirable that the 
influence of the updating procedure effected on the basis of 
different boundary conditions is perpendicular thereto.

5 The most common adaptive filter updating method is the LMS-method.
When practicing this method, the filter coefficients are updated 
in accordance with the following equation:

b (k+1) ---- bv(k) + u*xv(k)*e(k+l) (13)

where x^(k) is the signal and e(k+l) is the error, this updating 
10 process endeavoring to reduce the correlation between said signal

and said error, and u is an updating constant which determines the 
speed and the accuracy of the updating process. Variants of this 
algorithm in which the error sign and/or the signal sign are used 
are also common.

15 One method of obtaining rapid convergence and an influence which 
is perpendicular to the boundary condition when using the limit 
value according to equation (9) is to proceed as follows. A check 
is made in conjunction with each updating process to ascertain 

' whether the boundary condition has been fulfilled or not.

2 0 Form E in accordance with: E = Sib I - B (14)1 v1 sum ' '

where Bsum corresponds to the limit value 1.5 in equation (9).

When E is greater than 0, updating is effected in accordance with 
the following equation:
bv(k+l) = bv(k) -SIGN [bv(k)]*E/Nv + u*x^(k)*e(k+l) (15)

25 where Nv is the number of coefficients and SIGN[bv(k) ] is the sign
on the coefficient. Equation (15) implies that the coefficients
are returned to the permitted range at right angles to the
condition according to equation (14) .



WO 93/21695 PCT/SE93/002189

If E is smaller than 0, updating is effected in a usual manner
according to equation (13) .

Equation (15) is very similar to the normal updating equation, 
i.e. equation (13), and implies that the absolute sum of each 

5 coefficient is reduced by an equally as large sum. If so desired, 
the equation (15) can be modified in a normal manner to obtain the 
sign algorithm or sign/sign-algorithm. The additional calculation 
required is moderate and the factor E/Nv is the same for all 
coefficients and need therefore only be calculated once with each 

10 updating process and then added to or subtracted from ea£h 
coefficient, depending on the sign of the coefficient.

The updating algorithm according to equation (15) returns the 
ί coefficients to the permitted range in one step when all

[j |bv| > E/Nv (16)

15 However, should one or more coefficients not fulfil the condition 
according to equation (16) , these coefficients will be updated to 

ί opposite signs and thereafter slowly converge to zero with
changing signs. This is unsuitable because the more coefficients 
that lie close to zero the slower the convergence towards the 

20 desired range. If all coefficients are almost zero with the 
exception of one, the error will first increase and then decrease 
with each updating process with a factor 1-2/Nv. When there is a 

| large number of coefficients, a very slow convergence will result.
■ '1 In this case, an updating algorithm according to equation (29)

25 below can be used, this algorithm not exhibiting this convergence
| problem. However, a true optimum is not achieved when this lies on

the border of the limitation condition.

A limitation of the range in which the coefficients are permitted 
, to move in accordance with the aforegoing, will, of course, also

30 imply a limitation to the possible extent of echo cancellation.
The following will apply when canceling the echo of one side, i.e. 
the near-end echo:

H + H = 0ne ca (17)
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Thus, with regard to equation (1) the transfer function of an echo 
canceler must be capable of fulfilling the following conditions in 
order to be able to cancel all conceivable echo paths:

5 Max( |H | ) > 0.5 (18)
Cd

In order to be able to cancel the one echo path and not induce 
self-oscillation in the four-wire loop, the transfer function of 
the echo canceler must therefore be capable of fulfilling the 
following conditions:

10 0.5 < Max(|H |) < 1.5 (19)
Cd

A calculation of the impulse response of two PCM-filters plus a 
highpass filter in cascade with end terminals corresponding to 
USA's nominal impedance and loaded and non-loaded cable with the 
subsidiary condition that the total loss is greater than 6 dB has 

15 resulted in a sum which is smaller than 1.5 in all three cases.
Investigations indicate that the requirement of suppressing the 
echo and also the stability against self-oscillation are both 
achieved with the proposed method. When the limit value chosen is 
greater than 1.5, stability against self-oscillation cannot be 

20 strictly proven, but the probability of self-oscillation occurring 
is considerably lower than if there was no limitation of the 
transfer function. This particularly applies to the case when 
"double-talk"-detectors are used to prevent updating from taking 
place solely with respect to a near-end signal.

25 Figure 3 illustrates an example of an equivalent block schematic 
illustrating a four-wire loop having an echo canceler in the form 
of an adaptive hybrid. This block schematic includes a balance 
filter which is located much closer to the near-end hybrid, e.g. 
on the same circuit board as said hybrid, than is normal in the

30 case described above. Those components and transfer functions 
which have correspondence in Figures 1 and 2 have been identified 
in the same manner as in the earlier case. The balance filter is 
divided into an adaptive part 150 having the transfer function Hca and a fixed, non-adaptive part 151 having the transfer function

I

, r

V

I
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Η^θ. The output from the adaptive part 150 of the balance filter 
is connected to a subtraction means 180, whereas the output from 
the fixed part 151 of said filter is connected to a subtraction 
means 181. The fixed filter part is a non-adaptive path, which, 
for instance, corresponds to the echo when the line is terminated 
with the nominal impedance of the line circuit, whereas the 
adaptive filter part can be considered in the same manner as the 
balance filter 15 in the example illustrated in Figures 1 and 2. 
The resultant echo transfer function downstream of the adaptive 
filter part 150, i.e. for the near-end hybrid 14 and the fixed 
filter part 151, has been marked symbolically with the reference 
sign H' in the Figure and can be said to correspond to H in ne ne
Figure 2, whereas the adaptive filter part, H , correspond to H

CH CH
in Figure 2 .

15 The relationship H' = H - H ne ne co 
applies for H' .ne

(20)

In this case, a general stability condition corresponding to the 
condition according to equation (7) for the echo canceler 15 in 
accordance with the aforegoing is:

20 (21)

When H' is replaced in accordance with equation (20), the ne
general condition can be instead written as:

'Hcal < ^ta' * lHne-Hco' (22>

Thus, in this case, stability is guaranteed because the absolute 
25 value of the transfer function of the adaptive filter part is 

caused to be smaller than a given function of the echo transfer 
function in the far-end of the loop and the resultant echo 
transfer function downstream of the adaptive filter part, i.e. for 
the fixed filter part together with the echo transfer function in 

3 0 the near-end of the loop. The condition according to equation-(7^)
is actually a special case of the condition according to equation

r
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1515

(22) , since the balance filter 15 of the embodiment illustrated in 
Figures 1 and 2 does not include a non-adaptive part.

Some differences exist with respect to the case according to 
Figures 1 and 2. One difference is that echo loss in the near-end 
can be lower than 6 dB, possibly only one or two dB. Another 
difference is that the total echo loss required is much lower, 
since the adaptive hybrid need only be as good as or only slightly 
better than a suitable compromise balance, which implies loss of 
the echo by slightly more than 10 dB. Furthermore, loss of the echo 
in the far-end may also be lower than 6 dB, particularly in the USA 
where one and the same input and output level is used in a local 
station, so that no loss occurs in the four-wire loop.

When taken together, these differences imply that a lower limit 
value than 1.5 must be used for the sum of the absolute values of 
the coefficients in order to guarantee stability. This is also 
possible, due to the smaller demand on echo loss in this ap­
plication, and because the echo frequency response is smoother. It 
has been found that the echo loss requirement can be fulfilled 
when a limit value of about 0.7 is chosen. .

For instance, the following relationships apply when the echo loss 
in the near-end and the far-end are greater than 3 dB, and when 
B < 0.7:sum -

|H' I < 0.707, |H I $ 0.707 and |H | < 0.7, which give:ne1 1 fa1 1 ca

I
H |*(-|'H' l + |H I) < 0.707* (0.707+0.7) < 1 faj- ' 1 HQ I * 'fa 1 ''' ne1 1 ca

which results in stability, since the loop amplification is lower 
than one.

Several alternative methods are conceivable for limiting the 
filter coefficients in the cases aforedescribed. One possibility 
is to use a weighted sum in accordance with the following:

30 (23) .

1
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where q^ represents weighting factors.

In this case, the following updating algorithm can be 
order to influence updating perpendicularly to the 
condition:

used in
border

5 bv(k+l) = bv(k) - SIGN[bv(k)]*E/(qv*Nv) + u*Xv(k)*e(k+1) (24)

Another possibility is this. When the adaptive, filter also 
includes an IIR-part, i.e. a recursive part, e.g. having the 
following transfer function: '

-v -(Nv+1) -1H = Z(b *z ) + z *2{c /(1+a *z ) )ca v w w (25)

10 where represents coefficients in the recursive part, and a^ 
represents the recursive pole positions, the following will apply:

(26)

which gives the condition:

B sum (27)

15 Equation (27) resembles equation 
c-coefficients is obtained in 
equation:

(28)

20

(23) . A suitable updating of the 
accordance with the following 

II ι
cw(k+1) " cw<k) · '

- SIGN(cw(k) ]»E*(l-|aw| )/Nv + u*x (k)*e(k/n)

/
Alternatively, the transfer function can be realized in accordance . . /with: /ι

I .·
H = E(b *z“V) 4-
ca v j 

+ z“(Nv+1)*E(c *(l-|a |)/(lia *z_1))
W 1 W1 ! w (29)

t-

a ■ a a
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wherein the same updating as that achieved according to equation 
(15) can be used for b and c .' v w

A third possibility is to apply non-perpendicular updating. Ths 
same limitation of the transfer function can be obtained by using

5 the aforesaid criteria but with another updating algorithm. 
However, the convergence along the boundary condition is changed 
so that true optimum cannot be achieved. However, such a method 
may be applied to advantage, when it reduces calculation require­
ments. An example of one such updating algorithm is given below.

10 A multiplicator is formed, Mult = 1 - E/BsUm' where E is formed in 
accordance with equation (14). The multiplicator is truncated to 
zero if it becomes negative and is set to one for negative values 
of E. Updating is effected in accordance with the following 
equation:

' ■

5

15 bv(k+l) = b (k) *Mult + u*xv(k) *e(k+l) (30)

In equation (30) all coefficients are multiplied by the same 
factor. This implies that if the condition E < 0 is not fulfilled, 
there is introduced a leakage of such large magnitude as to return 
the coefficients to the permitted range. It can be mentioned that 

20 leakage is a measure used to achieve stabilization, in that in the 
updating process the adaptive coefficients are given a contribu­
tion which moves them towards zero or some other predetermined 
value. Multiplication of the coefficients by the same factor may, 
for instance, be advantageous when the sign operator is lacking 

25 among the routines of the signal processor. If optimum lies 
outside the boundary condition, updating will proceed towards that 
point on the border where the direction to the origin of the 
coordinates is perpendicular to the level curve of the error 
criterium.

An alternative method, which is particularly beneficial when the 
filter has many coefficients, is to introduce a new, common 
coefficient and to multiply the total signal by this common· 
coefficient. The transfer function for H will then be:ca

30
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(31)

where b is normally 1.0 but is reduced when E is greater than com
zero.

The coefficients b^ are updated in the usual manner, irrespective
5 of the stability condition, whereas bcom is multiplied by Mult 

when E is greater than zero. However, it is necessary to return 
b to the value 1.0, which is its normal state value. This can com
be achieved by adding a small number "e" when the coefficient is 
smaller than one. Updating of b is then:com

10 b (k+1) = Mult*b (k) + e for E>0 (32)com com ·
and

b (k+1) = b (k) + e for E<0 (33)com com' ' ' '

when b is limited so as to be smaller than or equal to 1.0. com

It is well known that self-oscillations will occur most readily in
15 the four-wire loop at frequencies close to the band edges, because 

echo loss is poorest at these frequencies. Consequently, it is 
advisable to check the conditions at the band-edge frequencies 
with extra care. As will be evident from the aforegoing, simple 
conditions prevail between the coefficients and the absolute value

20 of the transfer function at given frequencies, primarily at the 
j frequency zero and at half the sampling frequency. Since these
[ frequencies lie very close to the band edges, separate criteria
j for these frequencies can be used, whereby the region for the
| transfer function in precisely these frequency ranges can be

25 further restricted.
i

When f=0 : |S(bv*z"V}| = |Σ{b^}| (34)

When f=fs/2: | Σ^ν*ζ"ν) | = | Σ{^* (-1)V) | (35)

For these frequencies it is possible to use a stricter criterion 
than that used for Σ | b^ | without reducing the possibility of

ί
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obtaining desired echo cancellation. For instance, if a separate 
criterion, called B n is used at the frequency f=0, the sum o .
following procedure is followed when updating perpendicularly:

Form E according to: E = Z{b ) - B n v sum 0

If E is greater than 0, updating is effected according to:
b (k+1) = \(Μ “ E/Nv + u*xv(k) *e(k+l) (36)

When E is smaller than 0, a new value of E is formed according to:
E = E(b } + Bv sum 0

If the new value of E is smaller than 0, updating is effected 
according to equation (36) .

If E is greater than 0, updating is effected in the usual manner, 
i.e. according to equation (13).

Updating can also be effected in the same manner as that described 
with reference to equations (30) - (33) .

As will be understood from the above description referring to 
equation (16) , a slow convergence can occur in some cases. In view 
of this, it may be beneficial to ensure that no individual 
coefficient has an absolute value which is greater than B . In sum 
this way, a slow convergence is avoided when all coefficients are 
close to zero with the exception of one coefficient. This can be 
achieved either by trunking or by updating.
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CLAIMS

1. A method for avoiding self-oscillation in a four-wire loop in 
conjunction with echo cancellation effected with the aid of an 
adaptive filter (15) , characterized by restricting the 

5 permitted range of the coefficients of the adaptive filter in a 
manner such that the absolute value of the filter transfer 
function, |H I , is restricted according to the following condi- C3.tion: |H I < 1/|H I - |H I, where H is the echo transfer1 ca1 1 fa '· 1 ne1 fafunction in the far-end (13) of the loop and H is the echo ne10 transfer function in the near-end (14) of the loop; and by 
reducing the values of said coefficients when said condition is 
not fulfilled.

2. A method according to Claim 1, characterized in that 
the criterion for restricting the permitted range of said 

15 coefficients consists of a limitation of a sum of the absolute 
values of the coefficients (Sib I ) .

ι v1

3 . A method according to Claim 1, characterized in that 
a criterion for restricting the permitted range of said coef­
ficients consists in a limitation of a weighted sum of the 

2 0 absolute, values of the coefficients (Z|qv*bv|).

4. A method according to Claim 1, characterized in that 
a criterion for restricting the permitted range of said coef­
ficients consists in a limitation of the absolute value of a 
summation of the coefficients (|Zb |).

25 5. A method according to Claim 1, characterized in that
a criterion for restricti.*^ the permitted range of said coef­
ficients consists in a limitation of the absolute value of a 
summation of the coefficients, where each alternate coefficient 
is multiplied by minus one ( | Sfb^* (-1) } | ) .

30 6. A method for avoiding self-oscillation in a four-wire loop in 
conjunction with echo cancellation effected with the aid of a
filter which includes an adaptive part (150) and a non-adaptive

SUBSTITUTE SHEET

f



PCT/SE93/00218
18

WO 93/21695

part (151) , characterized by restricting the permitted 
range of the coefficients in the adaptive filter part (150) in a 
manner such that the absolute value of the transfer function, 
| H | , of the adaptive part will be restricted in accordance with ca

5 the following condition: |H | < 1/1Η | — | H -H |, where H is ca fa ne co fa
the echo transfer function in the far-end (13) of the loop, H is ΠΘ
the echo transfer function in the near-end (14) of the loop, and 
H is the transfer function in the non-adaptive part (151) of the co
filter; and by reducing the values of the said coefficients when 

10 said condition is not fulfilled.

7 . A method according to Claim 6, characterized in that 
a criterion for restricting the permitted range of said coef­
ficients consists in a limitation of a summation of the absolute 
values of the coefficients (Σ | b |) .

15 8. A method according to Claim 6, characterized in that
a criterion for restricting the permitted range of said coef­
ficients consists in a limitation of a weighted summation of the 
absolute values of the coefficients (S|qv*bv|).

9. A method according to Claim 6, characterized in that
20 a criterion for restricting the permitted range of said coef­

ficients consists in a limitation of the absolute value of a 
summation of the coefficients (| Sb |) .

10. A method according to Claim 6, characterized in 
that a criterion for restricting the permitted range of said

25 coefficients consists in a limitation of the absolute value of a 
summation of the coefficients, where each alternate coefficient 
is multiplied by minus one (|S(bv*(-1)V)|).
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