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networks, echo occurs on end-to-end connections, as the taking party's voice
is reflected from certain network elements. The echo is disturbing if there is
delay on the end-to-end connection. The delay is usually either propagation

10 delay or delay caused by digital signal processing.

Echo is divided into iwo categories: acoustic echo between the
earpiece and microphone of a telephone, and electric echo caused in the
transmission systems of the fransmission and reception directions of a
connection. ' '

15 One of the main reasons behind electric echo is hybrid circuits (2-
wire-4-wire converters) in terminal exchanges or remote subscriber stages of a
fixed network. The subscriber lines of a fixed network are usually 2-wire lines
for economic reasons, whereas connections between exchanges are 4-wire
connections

20 In this application, the end of a transmission connection to which
the talking party’'s own voice returns as an echo is referred to as the far end,
whereas the end of the connection from which the echo is reflected back is
referred to as the near end.

An echo canceller or an echo suppressor has conventionally been

25 used to obviate problems caused by echo. An echo canceller is a device for
processing a signal, such as a speech signal. It estimates the echo and
reduces the echo by subfracting the echo estimate from a signal returning
from the echo path (from the near end). In echo estimation, the impulse
response of the echo path is usually modelled by an adaptive filter. In addition,

30 a non-linear processor (NLP) is often used in echo cancellers for removing
residual echo resuiting from adaptive filtering.

An echo suppressor is based on comparison between the power
levels of a signal supplied to the echo path and a signal returning therefrom. If
the ratio of the power level of the signal returning from the echo path to the

35 power level of the signal supplied to the echo path is lower than a pre-
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10 for the signals of the near and far end must be selected according to the worst
echo situation (usually -6 dB), low-level near-end speech does not pass
through an echo suppressor during double talk. Even if the average speech
levels of the near and far end were equal, near-end speech is clipped

. occasionally during double talk, depending on the ratic between the signal

15 levels. Another problem is echo during double talk. During double talk, near-
-end speech passes through the-echo suppressor, and so does echo of far-end
speech when summed to the near-end speech. The echo of double talk can be
reduced by attenuating the near-end signal and possibly even the far-end
signal in the echo suppressor during double talk. However, the attenuation

20 cannot be too high, since it has a disturbing "pumping” effect on the strength of
the speech.

Although echo cancellers are technically better than echo
suppressors, there are situations in which it is justified to use an echo
suppressor. In practice, the adaptive filter of an echo canceller should be

25 implemented digitally, which may be too expensive in a purely analogue data
transmission system, particularly in terminals. Even in digital data transmission
systems, the adaptive filter requires either a specific ASIC or a signal
processor, the prices and current consumption of which may be too high for
portable terminals, for example.

30 It is justifiable to use an echo suppressor in a data transmission
network, i.e. not in a terminal, if the adaptive filter of an echo canceller is not
sufficiently efficient. An adaptive filter removes echo poorly if the echo path is
non-linear, i.e. if the non-linear distortion ratio of returning echo is poor. Non-
linearity is caused, for instance, by speech cading of low transmission rate.

35 Speech coding can be used on both fixed and wireless transmission
connections.
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filter of an echgnd;anceller is not sufficiently efficient. An adaptive
filter removes echo pooifaydsf fNechidtgPdt "adattivating the non-linear processor
according to the properties of the far-end and near-end signals. The non-linear
processor is characterized in that it further comprises
20 means for treating the spectrum of a far-end signal, before said
properties are determined, in a manner which models the effect of the
amplitude response of the transfer function of acoustic echo on residual echo,
and that
said near-end signal power level is the power level of the residual
25 echo of the echo canceller.

One of the properties of acoustic echo is that the amplitude
response of its transfer function (the frequency response difference between
the echo supplied to the echo path and the echo returning therefrom) is very
uneven. Particularly the amplitude 'response of the acoustic connection

30 between the earpiece and microphone of a terminal is extremely uneven in the
frequency domain: the amplitude response typically comprises a peak in the
frequency range of about 1.5 to 3.0 kHz. The echo return loss ERL is thus
clearly a function of frequency, i.e. ERL on the echo path is considerably lower
at the peak than for instance at lower frequencies. '

35 The invention utilizes this property in the control of an echo
suppressor. As stated above, the control of an echo suppressor is based on
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cancel | er, conpr isubstgntially correspond to the amplitude response of the transfer function of
acoustic echo. In other words, the weighted filter aims at modelling echo return
loss ERL as a function of frequency. If the near-end signal power level is lower
10 than the frequency weighted far-end signal power level, the near-end signal is
interpreted as acoustic echo, and the signal returning from the near end is not
allowed to pass through the echo suppressor. If the near-end signal power
level is higher than the frequency weighted far-end signal power level, the
near-end signal is interpreted either as near-end speech or as double talk, and
15 the near-end signal is allowed to pass through the echo suppressor.

The invention improves the double talk dynamics of an echo
suppressor by the following mechanism. In a conventional echo suppressor
based on unweighted power level comparison, high-energy vowels from the
far end clip low-energy consonants, and partly also low-ievel vowels, from the

20 near end with a high probability during double talk. The weighted filter of the
invention, which is typically of high-pass or band-pass type, reduces the
energy of the high-energy vowels of far-end speech in relation to the low-
energy consonants. This is because the energy of vowels lies mainly in
frequencies below 1 kHz, whereas the energy of consonants is distributed

25 fairly evenly over the entire speech-frequency range. The energy of vowels of
a far-end signal treated with a weighted filter is thus lower than in the known
echo suppressors. Vowels of near-end speech are thus not clipped, and in
addition, consonants are less likely to be clipped during double talk than in the
-known echo suppressors. Only high-energy consonants of the far end can clip

30 low-energy consonants of near-end speech. Since consonants are short as
compared with vowels, any clipping times of consonants of near-end speech
are short and hardly deteriorate the near-end talk noticeably.

BRIEF DESCRIPTION OF THE DRAWINGS

in the following, the invention will be described by means of
35 preferred embodiments with reference to the accompanying drawings, in which

e
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Figures 7 and 8 are block diagrams illustrating a weighted filter
based on the bandsplitting principle, and a control unit,
Figure 9 shows an echo canceller in which the present invention is
applied for controiling a hon-linear processor,
15 Figure 10 is a flow chart illustrating the control of a non-linear

processor in accordance with the invention.

PREFERRED EMBODIMENTS OF THE INVENTION

The present invention can be applied in any telecommunication

system or terminal for controlling an acoustic echo suppressor. In order that

20 the echo suppressor of the invention could operate appropriately, it is
essential, however, that the echo path is a purely 4-wire connection: echo
reflected from the near end is thus connected only acoustically, for instance
from the earpiece or loudspeaker to the microphone of a terminal. Therefore
the echo path must not comprise a 2-4-wire hybrid. The reason for this is that

25 the frequency response of electric echo formed in a 2-4-wire hybrid is rather
uniform.

Figure 1 is a general view of the operational environment of the
invention. The following abbreviations will be used for the inputs and outputs
of the echo suppressor. In the transmission direction from the far end, the

30 input is called R, (Receive in) and the oulput Ry (Receive out). In the
transmission direction from the near end, the input is called S, (Send in) and
the output Sq,y (Send out).

The microphone 6 of the far end converts an acoustic signal, i.e.
far-end speech, into an electric signal, which is transmitted through a

35 transmission connection T2 to an echo suppressor 1. The type of the
transmission link T2 is irrelevant to the invention. It may be, for example, a 2-
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signal, it may contain the acoustic far-end echo described above; the far-end
subscriber hears this echo from the earpiece or loudspeaker 7 as a disturbing
echo of his own speech. The total delay of the transmission connections T1
and T2 multiplied by two determines when the speech of the far-end

20 subscriber returns back as an echo.

According to the invention, the transmission connection T1 between
the near-end terminal and the echo suppressor is always a 4-wire connection.
Physically the transmission connection T1 may be a fixed cable and/or a radio
path. Either analogue and/or digital transmission technology may be used.

25 The echo suppressor 1 may be provided in the near-end terminal, in
which case the delay of the transmission connection T1 is insignificant. The
transmission connection T1 thus does not comprise any actual transmission
system,

If the echo suppressor is positioned apart from the terminal in the

30 network infrastructure, the T1 comprises an actual transmission system, and
the delay of the T1 may be significant. The ferminal may be, for example, a
terminal of a digital mobile communication system, and the echo suppressor
may be provided in a speech transcoder of a mobile communication network.
In this case, the T1 comprises, for example, a bidirectional radio connection,

35 speech coding, and transmission systems between the network elements of
the mobile communication network. Such a location of an echo suppressor is
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directly connected to the port Ry,y. The port S,y is connected to the input of a
selector 26, and the port S,;; to the output of the selector 26. The selector 26
either enables or disables the propagation of a near-end signal to the output
10 port Syyr according fo a control signal received from a comparator unit 24. A
comfort noise generator 27 is typically connected to the other input of the
selector 26 in such a manner that the selector 26 switches either a near-end
signal from the port S,, or the output CN of the comfort noise generator 27 to
the port Sgyr according fo the control signal CONTROL received from the
15 comparator 24 (steps 306 and 307 in Figure 3). In its simplest form, the
selector 26 may be a change-over switch.

The port Ry, is also connected to the input of a weighted filter 21,
preferably through a fixed attenuator 20. The attenuator 20 reduces the power
level of the signal R, to a level which is suitable for subsequent signal

20 processing. In practice, the value of the attenuator 20 is selected according to
the lowest allowable echo return loss (ERL). The weighted filter 21 treats the
signal R,y in accordance with the invention (step 301 in Figure 3). The output
WR,, of the weighted filter 21 is connected to the signal power calculation unit
22, which determines the power or level of the signal received from the far end

25 at the port R, (step 302). The unit 22 may be implemented in many ways
known per se. It is typically a rectifier and an integrator (analogue
implementation) which integrates the signal level over a certain integration
time. When the signal to be measured is digital, e.g. a PCM (pulse code
modulated) signal, the unit 22 is typically implemented as digital calculation,

30 e.g. in the signal processor. it should be noted, however, that the way the
power calculation unit is implemented is irrelevant to the invention. The output
PWR,, of the unit 22, which represents the frequency weighted power level of
‘the far-end signal, is connected to the input of the comparator unit 24, in the
embodiment of Figure 1 through the delay 23 (step 303). {n this case, the input

35 of the comparator 24 comprises a delayed measurement result PWR,+DLY.



Figure 6 is a flowchart illustrating the control of an adaptive filter, 10

baséd on the fast Fourier transform (FFT), Figures 7 and 8
are block diagrans illustrating a weighted filter based on the
bandsplitti it9¢i pl e, and a control unit, Cﬂm? shows
an echo can‘gglglﬁgjrﬁfn whi ch the present invention is al;)pl I ed c??-
controlling a non-linear processor, 15 Figure 10 is a flow chart
illustrating the control of a non-linear processor in accordance with
the i nvention. PREFERRED EMBODI MENTSBOF THE | NVENTI ON

The present invention n be applied i el econmuni cat j on ., .system
or termnal for cont roﬁﬁ?rfﬂ’%%’"dﬁcﬁ?gpF&eagﬁéhgLﬁ!ﬁﬂ%?gﬂ’ﬂ CPkU&“BBr"ﬂ'héﬁ- 20

t he echo suppr e¢hich deferminesi theqpomiesor deuel df thecsignal reggived front thieynedrterids
essential, ho | i L.an:..echo
reflected f ro\r,ﬁetjm? Rgﬁfg’"e(?\sg‘?’i ﬂ@@@%@@ﬂ%ﬁ%ﬂﬁﬁ%@ g%r%é ?@‘9,"‘3

i nst ance #he$ig R?&feﬁi‘t?i"é‘%ﬁ""l Rt ¢dc dRe routept; B af the é5,owhich
terminal . Ther aépresents the powee (Bvel pha heanerid ﬂgbald@ﬁmﬂmdato&héﬂﬁéﬂnﬁmb” d.
The reason forﬁmécéﬂ%%&%c{&{ﬁéﬁe frequency response of electric echo

- ri

formed in a 2-4-wre I'S rat her uni form Figure 1
is a general view of thBeSpEPRatei Nt 24\60mpares e eutputsePWR, HOlYeand B8y The

fol | owi ng abbr fithei wnits 22 |dndd @5 UkedtHeo powbe ldveRU bf t tarHiddhd near-effd t he

h | L S8 ' ' f d, the 30
Coput 1o cal 1 egiagas (st 309, 3 R5hE0ls e &i6eRl 06 bR TG Blsikat el mpateon |
t he t r af@ni(stepeS06 ARd 137, A8 Will thee dascribednblowh in iitasimplest derim,ethe
S[err] (Send i bnipafator 26 ity I9e!h RRffersitial binplifsUircit {analogue implementation)The

Speech, Tnto afr & inefastia ke Yhedih CONTRER Yrihe, simparater 24 i°
transni ssi on c&Anaectedio tire contel inpuit of thepsriectan26. 1Althpgh thpwer dgvelshof the
transni ssion | isighale’RjySand S§ wsté sed forithe coRtferhithe examplétdesefibed above,
exanpl e, a %‘3 the control may also be based on other properties of these signals, such as
cross-correlation. The delay unit 23 is necessary if delay occurs on. the
transmission connection T1 in Figure 1. The delay DLY of the delay unit 23 is
preferably set to be approximately the same as the total delay caused by the
T1 in both transmission directions (i.e. bidirectional delay); this is to ensure

20 that the power level of a far-end signal supplied to the echo path at a specific
moment is compared with the power ievel of the returning echo only when its
own echo has propagated through the echo path. If the delay of T1 is short
(e.g. the echo suppressor is provided in the terminal), the delay unit 23 is not
required.

25 The generator 27 is employed for generating comfort noise CN,
since experience has shown that a listener is greatly disturbed when the
background noise behind the speech suddenly disappears. This would happen
each time that the selector 26 disconnects the signal path from the port S,, to
the port Syy- One way of avoiding the disturbance is to generate artificial

30 noise, when the echo suppressor clips the actual near-end signal. This noise
may be random noise or comfort noise, which tends to resemble actual
background noise in the near end. Some ways of generating comfort noise are
described in the Applicant's co-pending International PCT Application
WO086/42142. However, the generation of noise is not relevant to the invention

35 and may also be omitted from an echo suppressor.
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and/or a 4-wire connection; the transm ssion technol ogy nay be either

anal ogue andayg omdogeét al ; and the transmi ssion connection mapchsigissocal | y.
a - fi xed cabl e connection and/or a radi o path. A signal
fromthe far end is received at the input Rlerr] of the echo 5 suppressor
and supplied fromthe output R err] through_a transm ssion path T1

further to the near end. The near end conpr i%es a terminal or some ot her

it in which the fara | | ' t.] h
algnal either ine | a ASSER SR S o EQARE RSSO NBINPGRIR S attRe
far-end speech igpestium efithe far-end sigpal isdreated,haforertbe inowes favek s calculated,
coho. A st gnal o raaRa0 Which Sinuiites o rict T th MflbRade 1esRSRET Lt dhe |
. i is suppli u : |
connect i onng t o{ré)'ﬂgééFﬁlﬁ'gﬁ&gPﬁF'gecsﬁ’%cg{%(? rath, Jpdbe glm%o%tmerrl}. °fF#r"QHfF{21§"S‘S
out put S[ err] Sofistpesfosord wilhmweightad filter 215 Tha areighted filer21 aimedat madelling

through the trangsBustic WeHeORAGH! 088 ERL (4 bhRinkaén %?Gﬁedugggﬂ éir?]xgla"sgbf‘é’ s

signal is el ther the or | near-end nal ., or. ¢o , . a

w D1 b descri beliPHaihes Peaiab e Foayarayrande 2iabodt 4 81p S8 ks in theampliidene
far end is the oresponse oftheraceustic connection between the wagrietsaand mierophaens of C
from the ear pi oo a8 Gopb 18k o6 6y consigeibty IoieF ot &' pak thin 16r'°
speech. The {16 dnstaBps At lwer ieapipacies, An peimel ypiglied diter is therefore fypically a
mul tiplied by tviighpaes or basd-passifitere speech of the far-end

The weighted filter 21 may be fixed or adaptive. The transfer
function of a fixed weighted filter 21 may be, for example, the average of the
transfer functions of the acoustic echoes occurring in the telephone network,

15 whereby its amplitude response is of high-pass type. The steepness, cut-off

~ frequency and the atfenuations of the pass band and stop band are

determined according to the "worst’ terminal having the lowest echo return
loss ERL. The terminals having the next lowest ERLs are, however, taken into
account if their ERLs at certain frequencies are lower than those of the "worst”

20 terminal. An example of implementation of a fixed weighted filter is a digital
elliptic IR (infinite Impulse Response) high-pass filter of the third degree
whose transfer function is:

bo+b,z \+b,z%+b,z?
25 H(z) =

1+a,z'+a,z%+a,z®

Figure 4 shows a block diagram of a direct IR type filter which
satisfies the equation given above.

30 For an adaptive weighted filter 21 the optimal transfer function may
be obtained on a call-by-call basis. In this case, the average double talk
dynamics can be further increased, since the transfer function of the weighted
filter does not have to be selected according to the lowest ERL, as in the case
of a fixed weighted filter.

35 In its simplest form, the adaptive weighted filter comprises a fixed
frequency response, i.e. a fixed filter 61, and adaptive further attenuation (e.g.



20 subscriber returns back as an echo. According to the
I nvention, the transm ssion connection T1 between t he near-end
term nal and the echo suppressor is always a 4-wire connection.

Physi cal |y t@g,t,,ﬁ,é%m ssion connection Tl may be a fixed coptRrnessn 2

radi o pat h I t her anal ogue and/or digital transm ssion technol ogy may
be used. 25 The echo suppressor 1 may be provided in the near-end
termnal, in whi ch case the delay of the transm ssion connection Tl is
insignificant. The transmi ssi on connectd on T1 thus does not conprise

any actual transm s

h
i s positioned aft ?gqé%l?!ﬁ]a(ﬂﬁgu?téfhﬁﬁgfmﬁﬂh? fiter3) 28 !Ab‘?k tFﬁf"? g&%;’%gfﬁ} ﬁ‘sss'?[]e
T1 conprises an caseuthe adapfiverialiendatos6@ repiacestbe fixed attepuator 20. e filker &1L

may be signifi “ahy ¢ bE] Gof @&gmgrﬂ tHB it offmgu@i&ms , cahtrol FRé@ﬁﬁsna# tr%f
digital nobile co nr c§hl on

Ste sor
provided in a spRitenyatar é%SB Wﬁ’%@@rﬂmm% qr&%'gH@%rk
this case, thg Tl conprThebest mrsuamnmauraay bedbtainéd ifithe weigtited filkeyn2€ g on,

e e 0 il ' B HRieABy A D Bl 3o B SELMCK e BB T

t he nmobi | e communi I on
WO 97/ 49196 modelled in the frequency domain, and the weighted filter 21 is adjusted to

PCT/ F1 97/ 00390 correspond to the echo path model call-specifically. The weighted filter 21 can
disclosed in the Apgy LedNithier ShcBEAFHRbEdiRhG B 8 3by, RS TcdtRLL A} ‘s that
10 any changes in the properties of the echo path during the call are taken into

account.

Both the far-end speech signal and the echo of the speech
returning from the near end can be used for modelling acoustic echo. This
requires means for identifying double talk and background noise in the near

15 end. Such methods are known in echo cancelling technology. Alternatively, an
echo suppressor may, for example, send a test signal through the port Rg,y to
the echo path at the beginning of a call. The acoustic echo of the test signal is
received at the port Sy,. On the basis of the test signal and the received echo
of the test signal, it is possible to determine the echo return loss, the transfer

20 function of the echo path and/or the delay of the echo path according to
principles well known in the art. Figure 2 shows the control unit 28 of the
adaptive weighted filter 21; the control unit 28 may perform the operations
described above. When the transfer function of the acoustic echo path has
been calculated/defined, the control unit 28 sets the transfer function of the

25 weighted filter accordingly. In this case, the fixed attenuator 20 of Figure 2 is
not required. Iif the control unit 28 aiso calculates the delay of the echo path,
the delay of the delay unit 23 can also be adjusted adaptively.

in digital technology, the fast Fourier transform FFT, for example,
can be used for determining the frequency response difference between the

30 near-end and far-end signals. On the basis of this, the tap coefficients of a
digital weighted filter can be set to be optimal for the call in question.

In the flow chart of Figure 6, it is checked at first whether double
talk is occurring (step 700). If so, the echo suppressor is naturally not
activated, but the process returns to the beginning. If not, step 701 is

35 proceeded to in order fo check the speech activity of the far end. If there is no
speech activity, echo suppression is not needed, and the process returns to



W06/ 42142. Figure 2 is a general block diagramof an echo
suppressor of one enbodi nent of the invention, and Figure 3 is a flow
chart illustrating the 5 operation of the echo suppressor. The echo

suppressor 1 ¢ouhkdiges the sane ports Rerr], Rierr], SeEimfdnsde
S[err], which were shown in Figure 1. The port RINis directly -

connected to the port R err]. The port S[err] is connected to the input of
a sel ector 26, and the port S[err] to the output of the selector 26.
The-sel ector 26 either enabl es or di saftes the propagation of a

near - end si gnal out pu t S err or di a control gnal
recei ved from a é mgo é ss'&bﬁg‘af rﬁgr‘@g %érﬂﬂdaf‘S? ??‘a 'g
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conparator 24 $§stalealatéb ianstef0704 rby-ingeans 8§ .cross-cdreelatiomp| thet délay nis hlse

sel ector 26 may %B@n&i‘%ﬂffh@’ﬁﬁmﬁmnﬁ %Bho o, ppint, The ﬁs’t Foungpﬁanﬁﬁﬁn RE T ofl S

al so connected t rabl

through a fixed #e fﬂﬁ@&'ﬂ(ﬁ'g’!ﬂb RmTHQIaX?‘? Qﬁmﬁ 6?’32@'-%&}@!@-"@‘#6 '%6@@&78& The
| evel of the sigfggt Fiusier transform| FVE %& heMadi-endi Sighdics,{ & calolaRd Métep

S 91 20_broc 78 bt ! Il 1 nd B NG € tpoc

sel ected accordi

wei ghted filt®® FFTanETsnt G0 the basgisof| thr salculated: @chenteturni losss ke tap
invention (step goéfficients glthe diital Welgistet filter 21 are \8Bjusted irpétebRO8/RINdthed

filter 21 is con t i.ch
determ nes the p%&e@ﬁl efvtgg &théwﬁle ngt?é'}eiaq fs(raéé‘lélil"\a}ée‘égfrom ée%ﬁeﬁé%(f\ﬁgg at
the port Rierr] SYPRIESSU3 activatedin step B ﬂay be inpl enented in many ways
known per se. It is typl F.gbhwahéwghhfadapnwe@medﬁmmtvﬂﬁcr( Rbdsed Wh the

nreorati on 18 Bangbiiecter el & 'hSho, oBESL G IS Spluf by & Pandspiing
PCM (pul se code filter 2Hbimto altfeeguwpgbands FheFurFachzsignal Fy.y.Fi Beattspuated by a
i mpl ement ed as dlss drate @@jlrswﬁmélmnuaﬁr@ﬂ, 211}, e sattEruation aFowhieh - is! et

shoul e ot e, SBURHE o bR gAYl Ay A S Wl el 2o
of the filter. Each sub-band F,...F, of the signal R, is thus adjusted separately
20 according to the frequency response of the echo path. The outputs of the
attenuators 211 are supplied to a summer 212, in which the sub-bands F,...F,
are summed to obtain a signal WR,, treated with a weighted filter. The signal
WR,, is supplied to the signal power calculation unit 22,
Figure 8 illustrates the control 28 of the weighted filter 21 of Figure
25 7, based on the bandspilitting filter principle.
A far-end signal R, is divided by a bandsplitting fiter 280 into N
frequency bands F,...F,. The signal power level of each frequency band F,...F,
is calculated in blocks 282,...282,, whereafter the calculated power levels are
delayed by the delay DLY in delay blocks 283,...283,. From the delay units
30 283,..283,, the power level values PRIN,..PRIN, are supplied to the
corresponding divider units 285,...285,. In the same way, a near-end signal S,
is divided by a bandsplitting fiter 281 into N bands F,..F,. In blocks
284,...284,, signal power levels PSIN,...PSIN, are caiculated for the frequency
bands and supplied to the corresponding dividers 285,...285,. Each divider
35 285 calculates the corresponding far-end and near-end signal power level



PWRlerr] of the unit 22, which represents the frequency wei ghted power
| evel of the far-end signal, is connected to the input of the
conparator unit 24, in the enbodi ment of Figure 1 through the delay 23

(step 303). is.case, the input 35 of the conparator’ 24 ' a
del ayed rreas%@&r@%‘?‘ result PWR[ err] +DLY. WO 97/ 49196]'6%%"3&’?

PCT/ FI1 97/ 00390 : 8
The port S[err] is connected to the signal power calculation unit 25,
whi ch deternmines the power or level of the $gnal received fromthe near

end to the port_S[err] (step 304). The upit be i npl emented in
the same way as ratio. Thisgatip forms ’E‘éf'@%l"a[apcfh%amﬁ whig{isgpplied to

PS] er Ir] _of the wtﬁkfjcot%s?wi&m@ adjuStabiepattertaitor 2115.. ROYEN the walighéd filterey, - end
sitghal 1S connecte (0} n .

The conparator unit 24 é@ﬁp@%&a{%‘g%&ﬂﬂﬂg' / %g?ﬁgﬁiﬁ['%@%%ﬁ’ Aﬂby
of the units 22 meang:f theecrosgeopelation | hefween dhetngars and daventh @i ,-fond

si gnal s (step s30atam@Bdas MOstrabd in the Rl S1sdrP6f F§urers.t he basis of the
conpari son 10 (steps 3b6|. and 30 W ed b

sinplest form the é'l?nﬁﬁg%g%'r’pa%s%l kﬂﬁga{'qﬁ'ﬁ%b?&?@%&\gﬂ&rhip&; as
circuit (anal oguieliowsl Bmant be iassymed thatotheaweighted,filtes 2 1nisl fixeshpe that gt haghe
0]5“ flﬁt CO:\‘T RtG— Oﬁeérh.eAletc are BédMniRg of & call, tofb‘f&ﬁl‘ifﬁél%& ﬁ\_@déﬁiﬁg U BEIRY phmgut
o e Sl oot O Adar ol DERSL R & oY B bl goer 21 Pilmgti hE boter

10 level of the frequency weighted far-end signal is calculated in a power
calculation unit 22. The calculated power level is forwarded to a delay unit 23.
The delay unit 23 delays the supply of the power level information to a
comparator 24 so long that the far-end signal propagates through the port Ro;
and the transmission connection T1 to the near-end terminal, part of it is

15 connected acoustically from the earpiece 4 to the microphone 5, and returns
as an acoustic echo to the port S, of the echo suppressor 1. The power level
of the signal received from the near end is calculated in a calculating unit 25
and supplied to the comparator 24 substantially at the same time that the

~ delay circuit 23 supplies the weighted far-end signal power level. If the near-

20 end signal power level is lower than the frequency weighted far-end signal
power level, the comparator 24 interprets the near-end signal as an acoustic
echo and controls a selector 26 in such a manner that a comfort noise
generator 27 is connected to the output port Sy In other words, the near-end
signal is prevented from propagating to the output S,y and replaced with

25 comfort noise. If the near-end signal power level is higher than the frequency
weighted far-end signal power level, the signal at the port S is interpreted as
near-end speech or double talk, and the comparator 24 controls the selector
26 in such a manner that the near-end speech is connected from the port S,
to the port Sgyr-

30 The present invention can also be applied in an echo canceller
provided with a non-linear processor (NLP). The operation of the NLP is
comparable to an echo suppressor. The invention is particularly advantageous
in a distributed echo cancelling solution, in which an adaptive filter is located in
a terminal and an NLP in a network element. In this case, it is not possible to

35 utilize the echo estimate of the echo canceller for calculating the far-end power
level; thus a weighted filter is the only solution for modelling the amplitude



15 the control may al so be based on other properties of these signals, such
as- cross-correlation. The delay unit 23 is necessary if delay occurs
on the transm ssion connection Tl in Figure 1. The delay DLY of the

delay unit Rgobfigores pPreferably set to be approxi mately thmfisfese t he
tot-al del ay caused by the Tl in both transm ssion directions (i.e.

bidirectional delay); this is to ensure 20 that the power |evel of a
far-end signal supplied to the echo path at _a specific nonent is
conpared with the power |evel of the returﬂﬁng echo only when its own

(e 9. 'the’ echo" ExmBpbs obi eondialf o8 a-FipdierSofls aricaliny spHieme ciriosgdiin s
e. g. e ecno r | ;

is got r eqther Applicapt’s co-pending Thiernplioaal-RGT Application VIDSG/M2 142
generating confort noi SEiglfd 9 illustrafels Wi e8P BAHGNEE dMSthe HOW chalRbf Rigure
LT 159 A8l 0S4 2 s L TR T s
sglr tectS Fre r r2]6 & Oicamauet ;cotﬂmi_ses %maadaxmv_b digirtah fillee 330 mthich enrtlwgtlsasis of fthé_eal
2 g’ﬁe ec i §§‘ ﬂ"r Q;Errﬂ'eéﬁ %feug? STe vﬂ-ﬁé}?g ét?tgﬁd;c%& # i

30 noi se, when el g‘"su pré&ss | pS. . the a - néar - en i S
noi se may Bdbtragty 5%9'25 Soo FE VLR, 242 provided-aftes the subtracteeand

act ual __bacisgrontrotied substantially'ie e same wiay Siothe swgctor26 JERiQUAS 2NThe
o nat onsr, Rty oA SREIHEH o2 98125, 25 20 LA kb e
noi se is not1® e§%ﬁ$ﬂ§"¥ they sameaship; fdgure=2. e ditigrensa is W@"Wﬁ?‘ﬁt,éﬂﬂea@@f an
echo suppressor pear-end sighal Powe 1igdel, the power calculation unit 25 calculates the
PCT/ F197/00390 power level Plpe of the residual echo Ly of the adaptive echo canceller.
Since the power level of the echo signal is lower after the adaptive echo
canceller (subtractor 31) than that of the near-end signal power level at the
15 port S, the reference ratio for the near and far-end signal power levels can be
reduced without that the residual echo is allowed to pass through the NLP 32,
This also improves the double talk dynamics. The double talk dynamics is also
improved by the weighted filter 21 of the invention. A condition for the
application of the invention in an echo canceller is, however, that the spectrum
20 of the residual echo of the adaptive echo canceller is high-pass filtered in the
frequency domain as compared with the spectrum of the far-end signal. In
theory, the residual echo of an adaptive echo canceller is noise with a uniform
spectrum, but in practice, the residual signal of an acoustic echo is high-pass
filtered as a result of the non-linearity of the acoustic echo path and the
25 calculation inaccuracy of the filter 33.

Although the invention has been described above with reference to
specific embodiments, it will be understood, however, that the specification is
only exemplary, and the embodiments described can be modified without
departing from the spirit and scope of the invention as described in the

30 appended claims.



9 As stated above, it is an essential feature of the

i nvention is that the spectrumof the far-end signal is treated,
before the power |evel U H in a manner whi ch si mul at es the
effect of tH8o3MR tude r mm"mﬁ mu”", transfer func .ﬁ?

acoustic echo pat I n the” enbodi nént Sof * Figure 2 this 5 |s per for ned with

a weighted filter 21 The weighted filter 21 ains at nodel |ing

acoustic echo return loss ERL as a functlon of frequency. Since there is
typically a peak at the frequency range oft4about 1.5 to 3.0 kHz in the

anpl i tude response of the acoustic connection between the earpiece and
m cr ophone of termnal, the echo return | oss is considerably | ower
at the peak thmw% 10 instance at | ower frequencies. An optimal weighted

filter is therefore typi o b&h@ suppresbbﬂ'forpéﬁﬁlnﬁf%%a&ﬁﬁécﬁé | §48 - echo
The weighted filter 21 (gﬁpnﬂn I xed or adaptive e transfer function

of a fixed wei g‘WPQEFs?PT? %y be, for exanple, the average of the
transfer functions of meanadaa.s%)cfoedntawimoronem@ps' of fahend aindpiheareend
net wor k, 15 yn@;@.m(s'its anplitude response is of high-pass type. The

st eepness, cut-o0 fregzg&c@?nd t attagnsq%lo s of . the pass band and
stop band are det eMEAR B FRABO O & g frangrpission A7 aRRATANG he
| owest echo retsigmal to thé daseldil depEndingcomisaid prapettiescofithe faexhd |antcaéaERLs
are, however, t chterﬁfﬁ t?vat?J?ﬁte"rcFﬁb séd certain frequencies

are | ower than t hose o? erm na n exa | e of

i npl enentation of a fi m%?%éﬁem& e spectum;qfafar-end sigpal, befare saids
(Infinite | rmulmepéeae@mree)iehngimenasn 4 i rhapmerovhidhe mdueisd tie gsffeet of thshose

transfer funct|
ljt&ﬁ ﬁ ngrr nsfer f nctlo o£gcoustlc echo. Hz) =
Pohjcclp

?E:{ (ra]r r*f[z[e;{]r]zﬂj[;”] 7 cord gtoclaim 1,characterized
in that said means for enablmg or disabling the transmission of a near-end
signal to the far end comprise

16 a selector (26) for selecting a near-end signal or a noise signal as
the signal to be transmitted to the far end,

control means (24) for controlling the selector (26) according to the
signal power levels of the far end and near end.

3. An echo suppressor according to claim 2, characterized

20 in that it comprises a noise generator (27) for generating a noise signal.

4. An echo suppressor according to claim 1, 2 or 3, charac-
terized in that said means for treating the spectrum of a far-end signal
comprise a weighted filter (21) whose amplitude response in frequency domain
substantially corresponds to the amplitude response of the transfer function of

25 the acoustic echo.

5. An echo suppressor according to claim 1,2, 3or4, charac-
terized in that the weighted filter (21) is fixed or adaptive.

6. An echo suppressor according toclaim 1,2, 3or4,charac-
terized in that the weighted filter (21) is a high-pass, band-pass or

30 weighted bandsplitting filter.

7. An echo suppressor according to claim 1, characterized
in that it comprises a delay element (23) between the control means (24) and
the means (22) for determining the far-end signal power level, the delay of the
delay element being substantially equal to the delay of the echo path.



Figure 4 shows a block di agram of } type filter which
satisfies the equation given above. \“\ For an adaptive wei ghted

filter 21 the optimal transf \“mmu g}! be obtained on a
cal | -by-cal | va@o¥/4p19¢ N t hi s xm ge double tal k rc-mqwmmgos can.
be further increased, since tHe ransfer function of the wei ght ed
filter does not have to be selected according to the |lowest ERL, as in the
case of a fixed weighted filter. 35 In its sinplest form the

adaptive weighted filter conprises a fixed 15 frequency response, i.e

a
fixed filter 61, and adap! jKeely hrebdrBUERAG (afly one pf tndGHBERdRGOS

adapti ve attenuaciimgociha bas tiend z¢ e i that) thegpeanend; sighak gontairs gw@ua;
In this caseché BEamdahd byméﬁmu,aboﬁnﬁﬁﬁeaale@\aes t he f| xed attenuator

control FREGRES of the 'O REoyinir arRRnFror afichbicalibel®, fariedgn r ol 25
of the filter §Figure 2)means(22, 25) for determnningesignal power levels fartthe £ai gnde

obtained if the ywRigBhPEnd!ter 21 |s adaptive in the frequency
domain. In this case, the acogé? ed.in the

frequency donain, and tH& c&‘iatf"g i 3??@8’4‘89 the  naj-linearong
to the echo pat hprumessorcad:doréipgdbfﬂ'!eaﬂirbpertlﬁseofvﬂaegfar-edd farid sear2dnd signals,

be adjusted eithgh PPatetil o9 pﬁghﬂpfmep&oﬁ,ﬁﬁségal |, or continuously so

that 10 means (21) for treating the spectrum of a far-end signal before said
properties are determined in a manner which models the effect of the
amplitude response of the transfer function of acoustic echo on residual echo,
and that |

said near-end signal power level is the power level of the residual

15 echo of the echo canceller.

10. A non-linear processor according to claim 9, character-
ized in that the echo canceller is provided in a near-end terminal and the
non-linear processor is remote from the echo canceller in the tele-
communication network.

20 11. A non-linear processor according to claim 9, charac-
terlized in that said properties include the signal power levels of the far end
and near end.



10 any changes in the properties of the echo path during the call are taken

i nto ‘account. Both the far-end speech signal and the
echo of the speech returning fromthe near end can be used for

nodel | i ng acwestriasi9echo. Thi s requi res neans’ for ident PEVIR ble -
tal-k and background noise in the near 15 end. Such nethods are known in
echo cancelling technol ogy. Alternatively, an echo suppressor may, for
exanpl e, send a test signal through the por.p]/fﬁ[ err] to t he 0 patﬂ
at 'the beginning of a call. The acoustic echo of the test signal

received at the port g err1]. On the basis of the test signal and

recei ved echo thetltest signal, it i possible to determ e ech@
return | oss, thgii‘g{{d er 20 gncti on offtjle echo path d/orn%:_a_'ge_%d_gl__q}/of
t he .echo path hccordi ng toq i nci ptes—wehl kno e arl.6Fi gure 2
shows the contyol ter 217 the !

pdaptive weighted fil
control unit 28 ons esq¢ri bed above: t@e
- pat h hd been | i
8 EF 1 nsfer flunction t he
e

transfer functlo i

cal cul at ed/ def} néd, the c
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On the basis ofthi's;"the tap coefficients of a di gi tal werghted——
filter can be set to be optinmal for the call in question.

In the flow chgrt of Figure 6, it is checked at first whether double
talk is occurri r%u?gfep 700). If so, the echo suppressor % nat ura N not

activated, but the process returns to the %l
35 proceeded to in order to check the speec
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begi nning. O herwi se the cross-correlation of the far and near end is

cal cul ated i nweotsepe$d2, and it is checked in step 703 whet hepejfgy, S-

correlation contains a distinct maxi numvalue, i.e. an echo poilnt. - not ,

t he process returns to the beginning. Oherw se the delay DLY of the

echo path is 5 calculated in step 704 by mreflg of cross-correl ation; the
ch

delay is al so obtained fr o point. The fastEﬁrr' eﬁ
'gnal Rlerr], delayed by gel

transform FFT[err] of th
DLY, is calculated in step 70%. f ast Fourier transform FFT[err] of
d in step 706. In step 703, the

the near-end signal Slerr] is
echo.return loss in the frequency qpnar n |s cal cul ated: 10

FFT[err]/FFT[err]. On the fyasts—of" me bal Iat ed echo return loss, the tap
coefficients of the digi t 4l ggﬁ ter 3pp adj usted in step 708,

and the del ay DLY of {the rs/s set in step 709.

Thereafter the echo g ated in step 800.

Figure 7 shows an adaptive weighteq filter 21 which is based on the 15
bandsplitting filter pring Lgnal R err] is spitted by a
bandsplitting filter|210 TreatRy J,.{hequer/y/mrlds Flerr]...F[err]. Each

signal Flerr]...F[err] is attemgmea ity a separate adj ustabl e

att enuat or 211[err] .211)lerr] the attepuatilon of which is set

according to the attenuatr on val ue ATT[err]...ATT[err] obtained fromthe
control 28 of the filter. EacN sub-band F[err].. .F[err] of the signal
Rlerr] is thus adjusted s¢parately 20 accordi ngd®® the frequency response
of the echo path. The out put s Gailcuiat EPWRIN affenuators 211 are supplied to a
summer 212, in which the $ub-bands Fl[err].. JF[err]

Delay PWRyy — 303
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Y
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305
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<
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I\

Couple CN
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are summed to obtain a signal WRIN treated with a weighted filter. The

si gnal WR[err] is supplied to the signal power calculation unit 22.
Figure 8 illustrates the control 28 of the weighted filter 21 of Figure 25
7, based on woTengsplitting filter principle. PCT/FIOYN08386 - €N .
signal R err] is divided by a bandsplitting filter 280 into N y
frequency bands F[err]...Ferr]. The signal power |evel of each frequency
band Flerr]...Flerr] is calculated in g}é)cks 282[err].. 282[eLr],
whereafter the cal cul ated power |evels are del ayed by the d%FéigELYzﬁn
del ay bl ocks 283[err]...283[err]. Fromthe delay units 30 °

283[err]...283[err], the power |evel values PRINerr]...PRINerr] are

supplied to the correspondi ng divider units 285[err]...285[err]. In
the same way, a nearg,gend signal SIN is divided by a bandsplwwkfng
filter 281 into Nb Flerr]., ln,blo IN
284[err]...284[err], signalNpower |evels P Nerr]...PS| r] are-

cal cul ated for the frequenc bands and} supplied to th

A correspondi ng

di viders 285[err]...285[err]|. Each diprder cal cul at ¢s the
correspondi ng far-end and ngdar - end_asi bnal power | WO 97/ 49196
PCT/ F1 97/ 00390 1] -1 ratio.
This ratio fornms the atten i on val ue ATTFerr].. x  Which is
supplied to t he corresgondi ng adj ust abl e attgnuat or
211[err]...211[err] in the ighted filter [21. ' The del ay of
the echo path, i.e. the echq point, may be jobtai ned by
b
z1 2 +
y
-az ba

z-1




means of the cross-correlation between the near and far-end signals, for
5 exanple, as illustrated in the flow chart of Figure 6.
The echo suppressor of the invention operates, in principle, as

follows. It suned that the weighted filter 21 is fi tit-
has - bee?ﬁggﬁhéﬁ t he beginning of a call, to be optinalﬁggrﬁgﬁéﬁfing '
t he echo path. A far-end signal R err] is weighted by the wei ghted
filter 21, whereafter the power 10 |evel of, the frequency wei ghted far-end
signal is calculated in a power —al cul #8on unit 22. The cal °at ed
pover level is forwarded to a 4eP89IQnjt 23. The del ay unit ba
the supply of the paue evel| | Afrgrgetion Lo 3 conparator 24 so long
that the far-end sijgnal propagat esAt hr oyd@Ct he port] Rlerr] and the
transm ssi on connedtion Tl to the (-end termnal}, part of it is 15
connected acousticglly fromthe jecse Y¥est 0 t he rfi crophone 5, and returns
as an acoustic echd to the po e echo suppressor 1. The power

| evel- of the dignal receivdq fromthe near enq is calculated in a
calculating unit 25 and suppN&d to the conparjator 24 substantially at
the sane tine that |the del ay i Q:ui70123 suppl ijes the wei ghted far-end
signal power level.| If the near- el signal power level is |ower than

t he frequency weighted far-end power |@vel, the conparator 24
interprets the near]-end signag SUNO C echo and controls a
selector 26 in such a manner\{ onfort norse generator 27 is
connected to the oytput port ot her words, the near-end

signal is prevent eﬂ from propagaN ngZto the output S[err] and replaced with
25 confort noise. Iif the near-end ¥iggal power |evel is higher_than the

frequency wei dhted far e eroRvet—tte—siynal 7@€ the port
SINis interpretedias §¥% or “doubl e tal k, fand the
conparator 24 contrfols the ;31 ‘gL Ane 6——sueh—a—anrrer that the
near - end speech is |connected fromyhe POy [err] to the port S[err].
30 The prgsent inventiow caQq _also be applied in an echo canceller

provided with a non-1inear Ngr ggessor LP). The operation of the NLP is
conparabl e to an eche—stuppresoviaximun? hvention is particularly

advant ageous in a distribyed efho cancelling solution, in which an
adaptive filter is located in
Yes
Calculate delay DLY from 704
cross-correlation —
Y
- 705
Calclulate farend FFT+DLY = FFTRy | —~
Y
Calculate nearend FFT = FFTgy L 706
¥
Calculate echo retumn loss in 707
frequency domain: FFTRIN/FFTSIN —
y_
Adjust tap coefficients of | 708
‘ weightei filter
Adjust delay DLY 709
y
Activate echo suppressor — 800

End



a termnal and an NLP in a network elenent. In this case, it is not
possible to 35 utilize the echo estimate of the echo canceller for

calculating the far-end power | evel ; thus a weighted filter is the
only sol uti onwigarsgegel | i ng the anplitude WO 97/ 49196

PCT/-FI 97/ 00390 | 1 BCTFI7/00350
response of the echo path. A distributed echo cancelling systemis

di sclosed in the Applicant's co-pendi ngyd nt er nati onal PCT Application
W0O6/ 42142. = Fiagure 9 iIIustra{as an echo canceller, and the
flow chart of gure g 10 illustrates the gontrol of an NLP in
accordance with e invention. The echo 5 cafceller conprises an adaptive
digital filter 333 which on the basis of the signals Rlerr] and S[err]
forns an echo i mat e EEST, which a subtractpr 31 subtracts fromthe
signal S[err]. NLP 32—i-S—pi-ovi-ded -akt-er ~t-he subtractorand —— is
controlled substantially in the same way as tphe selector 26 in Fi ¢ure 2.
The - structure and operation of units 21,]22, 23, 24, 25, 27 @and 28 in
Figure 3 are 10 substantially the sane as in yigure 2. The difference is
mai nly that, instead of ! nefar - end signal power Tevel, tlhe powkr

cal cul ation unit 25 cal gul ates {the power |evel PL[err]} of the residual
echo L[err] of the adaptive @cho canceller. Si nce the |power |[evel of
the echo signal is |lowel aft®r it he adaptives,echoa cancgl | er (subtractor

31) than that of the near-end ¥li gnal poweg. q_yel?nat the 15 |port SIN, the
reference ratio for the near anfd far-end giEg@l power |evells can pe
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reduced w thout that the residual echo is allowed to pass through the NLP

32 This al so i nproves the double tal k dynam cs. The double talk
dynamics is al so i nproved by the weighted filter 21 of the invention.
A condi tion Q9714906 application of the invention in anpetkep7eassell er.
is,. however, that the spectrum 20 of the residual echo of the adaptive echo
canceller is high-pass filtered in the frequency domai n as conpar ed
with the spectrumof the far-end signal. Iﬁ/g t heory, the residual echo
of "an adaptiv ho canceller is noise with a uniform spectrum but in
practice, the Si dual signal ofan acoustic echo is highspass filtered
as a result of e non-1li nearitOE of the _gcousti c echo patlg and the 25

cal cul ation ing racy of the fijlter 33. 8 Al'X hough t he

enbodi nent s, i 1| be understdod, howeg@, that the spegification is
only exenplary, and the enbodi ngnts descfi®bed can be nodi fli ed without

i nvention has @aﬂn descri bed abdve with 'geietr\lence to pecific
[
departing fromthe=spirr1T and s o'p“e‘(ﬁ"t"ﬁe"l'r'f@ﬁt‘lﬁr’f%@_ §'C’F‘|'b"e‘cl—|”n"t:he 30
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1. An echo suppressor for elimnating acoustic echo, said echo

suppressor conpri sing means (22, 25) for determning
properties of far-end and near-end 5 signal s, nmeans (24,
26) for enablwogremeedi sabl i ng transm ssion of a near-end PCTFIS 4ot O t hE
far- end, depending on said properties of the far end and near end, c h
aracteri zedinthat it further conprises nmeans
(21) for treating the spectrumof a far-endygignal, before said 10
properties ar€g®eternmned, in a manner which nodels the effectkof the
anpl i tude response®f the transfer function of acoustic echo.

2. An echo sup s%o according toclailml, char,acter®%w zed
E? N 5g]| ing the tr§nsm’ SSi a near-end

in that said s f enablqng or dis
signal to the’% end conpri 15 \ @ sel ecyor (26) for}selecting a
near-end signal or a/{noise s.ina as { Si, mtted to
the far end, contrgl nmeans| (£4) )
sel ector (26) accordifng toftheg | = Ji gnal r end and
near end. E.cﬂg'u eém supprijessor 2, ¢ ha
racter.i zed”.Ointth_?-itﬂcgerrS'sesta nqi selge f or
generating a noise signal. | 8 8 o [ cor di ng
toclaiml, 2 or 3, har__a_-g?- ?eriz sald neans for
treating the spectruf of a fglaaend sif gnal c | ghted {filter
(21) whose anplitudejrespomse 1n frehuency domai ntial lly
corresponds to the applitu f-esipons he trg 45 the
acoustic echo. 5. An echo suppressPr accordi claim1l,
2, 3or 4, char aljc - zlt eri zgdint the weightedffilter
(21) is fixed or adaptive. & |&N >ly 6. Anfe ﬁ%o suppr eslsor laccor @ng
to claim1l, 2,30r-4,ch5'ac-0 t er & edinthttqeweigted
filter (21) is a high-pass—any- gasg—or-—30 wei bandsplfittijng f+kter.
7. An echo suppressof accofdifg t@c aiml, chlar_gcterli g4efd
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inthat it conprises a delay elenent (23) between the control neans (24)

and the nmeans (22) for determning the far-end signal power |evel, the
del ay of the del ay el ement being substantially equal to the del ay of

t he echo pa ¢ WO 97/49196 :

PCT/ FI 97/ 00?&97’4”9 {g’rmmmssn -

8. An echo suppressor according to any one of the preceding clains, c
har acteri zedinthat the near-e %signal contains residual

echo of an echo cancel | er proeided—m<t he Nhear end. ng@. rrﬂa@
non-|inear processor for an echge fpce | er, conprising 5 °

(22, 25) for determ ning siggal power fevels for the far end and near

end, means (24; —for activating or deactivating the
non-| i near processor according to the properties of the far-end and
near -end signal s, CfraT—aT teT 1 edinthat it further
conprises 10 Neangudntiate R trept i,B@OO he spectrumof a far-end
signal before said properties are detgrmned in a manner which nodel s
the effect of the appH-tugde—respense—of the transfer function of
acoustic echo on residual echo, and t hat sai d near-end
si gnal power |evel is the—power—level—af—the residual 15 echo of the echo
cancel l er. 10Treét Rijpwith near /pp&&issor according to claim?9,
character - weighted filter
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to claim9,
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(57) Abstract

The invention relates to an acoustic echo suppressor and a non-linear processor for an echo canceller in a 4-wire data transmission
network., An echo canceller is typically controlled by comparing the power levels (PWRpy, PSiy) of the near-end and far-cnd signals (Rin,
Sin). The transfer function of an acoustic echo path is usually very non-uniform. According to the invention, the spectrum of the far-end
signal (Rin) is treated, before the signal power level is calculated, with a weighted filter (21), which models the effect of the transfer
function of acoustic echo. As a result, the double talk dynamics is improved, since high-energy vowels of far-end speech, which normally

cause low-energy vowels of near-end speech to be clipped in an echo

suppressor, will be attenuated.




