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CANCELLATI ON USi NG CROSS- CORRELATI ON OF BUFFERED RECEI VE AND TRANSM T

SAVPLE SEGMVENTS TO DETERM NE CANCELLI NG FI LTER COEFFI Cl ENTS.

This invention relates to the neasurenent f signal quality over

" tel ecommuni cations links, and in particular to the detection of '
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link. A signal travelling in a rst direction gives rise to a
spurious $gnal trblose pangulany: this vpotion eelates ¢e thedetection bf spwipusisignals
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and mout hpi egee'tegzed?n;[a(i'l t?éj rmggseured and cancelled.
. The invention is particularly suited to detecting echo. This occurs in a two-
10 way telecommunications link. A signal travelling in a first direction gives rise to a
| spurious signal travelling in the opposite direction. If this spurious signal returns to
the original source of the signal, it will appear as an echo.
The echo effect may be caused in.one of several ways. It may occur as a
resuit of acoustical feedback between the earpiece and mouthpiece of a telephone.
15 It may occur as a resuit of reflections caused by impedance mismatches. It 'may
occur as a result of cross-coupling between the paths in 4-to-2 wire hybrid points;
these are the points where the twd-way traffic carried over the two-wire
connection from a telephone termination is separated into two separate channels (a
so-called four-wire connection). This invention is suitable for detecting echo
20 effects at points in the system where signals in the two directions are carried over
two separate channels.

The result of any such echo effect is that a speaker will receive his or her
own speech, delayed by a short period. The magnitude of the delay is largely
détermined by the distance the signal has to travel, with a smaller contribution

25 from signal processing delays. The distances travelled by signals in
intercontinental calls can introduce delays readily detectablie by human observers:
the round trip distance over the earth's surface between one point on the earth's
surface and its antipodes is 40000 km (approximately 140 light-milliseconds -
since landlines do not necessarily follow the shortest route the practical distance is

30 greater than this). The round trip distance between two points on the earth’s
surface via a geostationary satellite is approximately % light-second (150000 km).

International call-diversion and other network services can create even longer

paths.
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{ owever, %‘? these J)ystems require prior knowiedge that an echo exists, and

something of its characteristics, notably its delay time and its attenuation.

' It is known to transmit test signals over a telecommunications link in order

to detect the presence of echoes. This system can only be used on lines which

are not currently in use, because traffic on the line would interfere with the
15 detection of the test signal echo. It is also known to use trained human observers

to monitor live conversations, but this method is labour-intensive, subject to

human subjectivity, and also has implications for the privacy of the speakers.

In-service non-intrusive measurement systems are known which use least
mean square (LMS) adaptive filter systems to measure the delay and echo strength

20 from the conveyed impuise response. Modern digital signal processors can support
about 650 filter coefficients: at a sampling rate of 8 kHz this equates to a
" maximum detectable echo path of about 80 ms.

To detect longer echo paths using this impulse response technique either

thé sampling rate must be reduced, which reduces the likelihood of a convergent
25 response from any one sampile, or the number of filter coefficients must be
increased beyond the practical limits discussed above.

According to a first aspect of the invention there is provided an
interference detection system for a telecommunications link having first and
second channels, the system comprising'first monitoring means for monitoring

30 signals travelling over the first channel, second monitoring means for monitoring
signals travelling over the second channel and comprising comparison means for
comparing the signais monitored by the first and second monitoring means for one

or more delay periods to identify the presence of interference between the
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t he speakerwmlﬂﬁ find it inpossille tommﬁcl!e spedki ng. RGI/GRISN2618

t herefore desirabl e to detect p—echo—S—occurring so that renedi al

- action can be taken. Thi s renedi al act?on may involve taking the faulty
circuit out of use until it can be 5 repaffred, or limting the use of the

faulty circuit to uses where the echo causes | ess probl enms, such as

short - di st ancehapnblsswhereintthe BornBsrisohRest Yartdnge@ 2o S8éNtify cPodicorrelations
troubl esone) or to one-way transm ssion such as facsimle transm ssions.

Met hods al so REtWeenfthe Signaismanitgradniy dbe Jirst gna sesgnd GiANitering means. The
artificially wddioh also ekfefBl %r%%ﬁwu.ﬁeaws sq/s{%nvwﬁiﬁ&m.ﬁ Sudi'h YRkdr%on

S|gnal to generate a zero output. However ese systens require
prior know edsystarhaandito eohtwaiklreamgemadt systemdnaluding guci aidetection system.
characteristics, no ablé its del a

is known t8 transm?CeEEPILP 5n%ﬁ°§x%t7:§$§°§aqqqu %ﬁﬂ%'ﬁr‘c eoigs%r?Yiﬁ%d Pneghad, '
to detect t heofpaeteemgamérfa@heesaetﬁéars clsar&tewrnnammé&omfnamusmhsomu heging
whi ch are_not currently in use, cad,lsetraff ic on the line wuld
interfere witifst gad second c annels, thée metho comprising the steps of momtormg signals
travelling over a first channel, monitoring signals travelling over a second channel,
and comparing the signals for one or more delay periods to identify the presence of
10 interference. between the channels, wherein the method comprises the
identification of cross-correlations between the signals carried by the first and
second channels. _ .
| The invention in one aspect cpmp’rises a communications system having a
piurality of communication channels, and an interference detection system as
15 defined above, the first and second monitoring means of the interference detection
system being arranged to monitor one or more pairs of the communication
channels. |
By using a cross-correlation technique it is possibie to compare short
samples of signals rathér than the long passages required by an adaptive filter.
20 This reduces the processing time, and also allows short samples of signais having
predetermined characteristics potentially suited for echo detection to be used. In a
preferred arrangement signals having such characteristics are detected on the first .
channel and segments selected for attempted correlation with the signails carried
by the second channel, the selected signal segments having Iengths correspondmg
25 to the duration of the predetermined characteristic. |
By tailoring the sampie length to match the duration of the characteristic
element, the chance of a correct correlation being made is improved, because the
longer the sample the less likely a false correlation is made, without wastefully
attempting to correlate parts of a signal not containing the characteristic elements.
30 Preferably the selection means is arranged to select segments of the signal
having the identified characteristics having a duration greater than a predetermined

minimum.
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10 Ina preferred arrangement, the comparison means comprises a plurality of

cross-correlation means, each cross-correlation means performing a cross- ‘
correlation for a -different delay period, and delay measurement means ‘for '
determining, from the outputs of the cross-correlation means, the magnitude. of the'

) delay in the mterference signal. _ _

15 . The mventlon can be used for momtonng rnterference between any two
channels of a commumcatlons system, but is particularly suxted to echo detection
provnded that the send and receive paths are separated, e.g. conventional four-wire
analogue telephony, digital telephony, broadband applications, duplex radio
svsterns {time division or frequency division) or. asynchronous transfer mode

20 (ATM). Accordingly, the pair or pairs of channels of the communications system
to which _the__ interef_erenc_e detection system is connected preferably each comprise
a two-way ce_mmunic_a_tions link, the svste_m._be_ing arranged to detect echo.

The in\rention aliows a greater range of delay periods to be monitored
sirnultaneeusly by storing several sarnpl_es_ in separate stores and processing each

25 separately. In a typical situation two different echo delay periods will be found,
depe_nding on which,__cailer is speaking. | _

The system may be used to provide input to an echo canceller. An echo
canceller adds to the return path a eencellatipn- signal corresponding to: the signal
| on the outward path, having a delay and attenuation corresponding to that of the

30 echo, but having :epposite phase. One problem enco_un;ereq with known echo
cancellers is that a false correlatien can cause e- cancellation signal to be inserted
where none is needed, which creates its own echo effect. The problem can be
avoided by determining a rolling average from a predetermined number of
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more means gr Sl?(t%cﬁ:ran%s a cancellation signal into a channel on which
interference is detected. By arranging the system in this way the number of
cancellers can be reduced, the cancellers being dynamically allocated to those
channel pairs where interference, or the most serious interference, is detected.

The system may include a speech direction determination means
comprising means for determining on which channel the longest segments of sighl
having the monitored characteristics occur. The characteristic features of the
incoming signal can therefore be used to identify which of the two callers is
speaking, and therefore which path should be monitored for echo signals, thus
reducing the processing overhead by a further factor of two.

The length of the delay can be used to assist in locating the source of the
echo, as longer delays are caused by equipment further away, or with more
intermediate processing elements. Insofar as the call routing is known, a network
operator can thereby identify the faulty apparatus. Of course, in some cases the
call may be an interconnection between two operators, 'and one operator may not
know the routing in the other operator's network. In this case, a network operator
using the echo detection system of the invention can nevertheless identify from
the length of the echo delay whether the echo is caused by his own network or the
other one, and thus whether remedial action is within his power.

An embodiment of the invention will now be described by way of example
only, with reference to the drawings, in which
_ Figure 1 illustrates a simple telephone network including an echo detector
according to the invention. .

Figure 2 shows the various elements of one emlbod,iment of the echo
detecior_ of Figure 1, incorporating an echo canceller.

Figure 3 shoWs a echo loss measurement system incorporating an echo

detector according to the invention.
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Preferably the selection neans is arrange

9(, e@toﬂrthrer}?ﬂh? 59r1%df‘atss£m\)gﬁpagnals rQrQ'f_gb'% respective buffers 8, 18,
and hence to respective pre-processing units 9, 19, The pre-processing units 9,
19 feed a speech direction classification unit 11. A measurement unit 10 receives
inputs from the data buffers 8, 18, pre-processing units 9, 19, and direction
classification unit 11, and supplies an output to a post-processing unit 12 which in
turn provides an output to one or other of two echo cancelling units 7, 17, which
also receive an inbUt from 'rés'pecti've data buffers 8, 18. The echo cancellers 7,
17 provnde an input to the paths 15, 5 respectively through respectlve comblners
13, 14 downstream of the tap pomts X, Y.

Figure 3 illustrates an echo loss calculation device which can make use of

. the output of the device according to the invention.

20
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30

. Two signals X, Y are input to a speech classifier 11 whlch as in Figure 2,
identifies which signal is the incident signal and whlch the reflected signal, and
controls switches 36, 37 to feed the incident signal to an input 21 and the
reflected signal to an input 30:. | R

The incident and reflected signals are fed via buffers 8, 18 to a processor

10, as in Figure 2, and the output of the processor 10 is fed to a bulk delay buffer

22.

The incident signal at input 21 is inpu't to the buffer 22 to delay it for a
period corres.ponding to the echo delay determined by the post-processor 12,
generating a delayed input 23. Both signals are then fed to respective modifiers
26, 27 in which weightings are applied to generate a modified delaved input signal
28 and a modified reflected signal 31. The weightings are dérivgd from an
analysis unit 24 monitoring the delayed incident signal 23. The_ modified input

signal 28 is then fed to a digital analogue filter (DAF) 29. The output 32 of the

filter 29 is compared with the, modified reflected signal 30 in a comparator 35 to

ted

s

the first and second nonitoring neans of the interfere"nce“
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nunber of further ' advant ages accrue. Firstly; the processing capacity
avai | abl e can be used to greater effect by concentrating only on
~signal sanples which are likely to produce? strong cross-correl ations,

allowing a wider range of delays to be nonitored for. 5 False
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-features of the signals are nonitored and correl ated, these features can
al so be Uyed calsuldtdre3dyi ne ot her characteristics of the interference
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conprises a plurali Cross-corre I on neans, e€eac

cross-corr 8l Higure ‘treemto cay bercauseyd whenqsst of a s:gm!l rrdvaliing raidriy first atht &; ent
fromt he

out put & of teeRPe S NerERREH G R ke RERRE ol i AT ook aver secagcgpe

the interfererg.e Thisgsighal will be heard by tHecuservsfnierrination 10avhs Osl e original
nmoni toring int erference bet ween channel s of a conmmuni cati ons

a
system but i9epksr9fcthespttgrange egx‘f'ﬁ" hecerhogeanbejcaysed by hybrid 3, reflecting

signals transmitted by termination 2 back to the speaker using that termination.
10 Echo can also be caused by acoustical feedback at the remote end, between the
user’'s earpiece and mouthpiece.

The delay between the outgoing and incoming signal as perceived by the
user of a termination 1 is determined.largely by the distance between the
termination 1 and the hybrid 4 or other element which is causing the echo.

16 Similarly, the delay between the outgoing and incoming signal as perceived by the
user of a termination 2 is determined largely by the distance between the
termination 2 and the hybrid 3 which is causing the echo. '

The device 6 is connected to the network by tap connections X and Y
connected to paths 5, 15 respectively and is used to detect the presence of echo

20 in the system by monitoring both .lines for signails, and cross-correlating these
signals to identify characteristic signals having passed connection X and
subsequently passing connection Y, or vice versa. Connections X and Y are simple
low-impedance T-connections allowing the signals transmitted over the paths 5, 15
to be monitored by device 6. By measuring the delay between these events the B

25 distance of the source of echo can be derived: for example an echo generated by
hybrid -4 produces a shorter echo delay than one from termination 2. Moreover,
the path 5 or 15 on w_hich the original signal appearéd identifies the direction in
which the echo is coming from, thereby establishing whether the source of echo is
between device 6 and the first termination 1 or between the device 6 and the

30 second termination 2.

In a real network there would be several elements such as hybrids 3, 4 on

either side of the device 6, any of which might be the source of echo.
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d, which creates its own echo effect. The probl em can be

The transmitted signal is compared with the reflected signal {normalised in
ampilitude to correspond to that of the transmitted signal) and a cross-correlation
coefficient is calculated. The cross-correlation coefficient has a vaiue from -1 to 1

and it describes how similar the two signals are. A value of 1 signifies a complete

. cross-correlation and resuits when the two. waveforms are identical. A value of -1

18
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signifies a complete negative match i.e. the signals are identical but for a 180°

phase .inversion. The human ear is not sensitive to phase, so for the present

purpose a negative correlation is an important as a positive one, as the human ear
will detect either as an echo. Consequently, so the abs_olute magnitude of the
correlation is used. The transmitted signal is then delayed by one unit of time and

the cross-correlation coefficient is recalculated. ‘A match between two signals (i.e.

the magn'itude of the cross-correlation coefficient beirig ciose to unity) will oceur

when the delayed transmit signal equals the reflected signal. _

The echo detector pre-processes the speech signal before performing
cr_oss-correlation. This signif_icantly' improves the accuracy and reliability of the
device by choosing segments that contain speech to cross-correlate with. in
particular, because only selected segments aré _analy'sed, they can be analysed in
more detail. For example the elemental delay imposed on the transmitted signal
can proceed in smaller increments, improving the accuracy of the delay
measurement. o

To improve the accuracy and reliability of the system pre-processing of the

signals is performed to identify speech segments that are suitable for cross-

correlation. This pre-processing aiso identifies the direction of the talker's spegch_

i.e. near-to-far or far-to-near. As speech is an essentially uni-directionai means of

communication (one person talks and the other listens) the monitor 6 measures
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from each other by values |less than a predeterm ned value. The effects of

~individual false correlations, which will Rhave different attenuations and

del ays from the true echo, are therefore mnimsed. 5 In a
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8. A second data buffer 18 and speech pre-processing unit 19 monitor the signals

10 passing through monitoring point Y. ' '

The outputs of speech pre-processing units 9, 19 are compared in a
direction identification unit 11. This unit compares certain characteristics of the
signal such as signal power and length of speech segment to determine which of
the channels is carryin.g the original signal.

18 The measurement unit 10 uses the output of the direction indicating unit
11 and the speech pre-processing units 9, 19 to select data from buffers 8, 18 on
which to carry out cross-correlation measurements. The results of these
measurements are transmitted to a. post-processing unit 12 which makes use of
the cross-correlation results to take appropriate action.

20 The post-processing unit 12 may use the cross-correlation measurements
to generate an echo cancellation signal. This is done in canceiler 7 or 17 by
extracting the input signal from buffer 8 or 18 respectively, attenuating and
delaying it by amounts equivaient to the détected echo signal as measured in unit
12 and applying to the return path 15 or 5 re;pectively a signal corresponding to

25 the result of this process but out of phase with the detected signal by 180°. This
applied signal is combined in combiners 13, 14 respectively with the echo arriving
on the return path 5 or 15 to produce a zero output. It should be noted that the
echo-cancellation signal should be applied downstreafn of the measurement points
X, Y. to prevent the echo cancellation signal itseif forming part of the signal

30 measured on the return path. ' |

The post-processing unit ‘12 may generate information for network
management purposes. The length of delay can be 'uséd, in conjunction with

knowledge of the calli routing, to identify the component causing the echo,
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20

dependant on the number of samples requlred to be stored for the echo path.

To decrease the processing time a means of setting the measurement
range is included. Using this techniq.ue the algorith:m_can: run simuitaneously over
several digital signalling processors (DSPs) within the measurement unit 10, with

each DSP searchlng a dlfferent measurement range. For example four DSPs may

be used to process delav measurements of 1 second Each DSP searches a 250ms

range for the echo path l0-250 250—500 500 750, 750—1000), hence the limiting

factor on the speech of the measurement is now only 250 ms. If the aigorithm is.

used for national networks where the upper limit de_lay.is likely not to exceed 60
ms the range can be reduced accordmgly | | '

This confrguratlon is very suitable for parallel processmg enabllng the
correlatlon to spread over several processors - thls improves the speed/efficiency
of the algorrthm ' _

A high Ievel controller can determme whrch DSP returns the correct delay
value by examination of the cross-correlatron coefficient.

This technique of dvnamlcally allocating the algorrthm across the DSP

resources increases the number of successful measurements in a grven time

25

penod
The buffers 8 18 are used to store uncompressed samples from the
2Mbit/s streams in the paths 8, 15. The buffers use a two pointer FIFO {first in

| _ frrst out) buffer, which has two flags FULL and EMPTY

30

A conversation is constructed from speech spurts and pauses. Speech
spurts give the best cross—correlatron as the attenuation due to the echo path will
diminish low energy segments, such as unvorced and noise signals, the most. It is
therefore important that the pr_e-pro_ces_smg selects _segments_ that are likely to give

processing el enents. Insofar as the call rou $/0261%)\\n,
network 20 operator can thereby identify the faulty apparatus. O course,
I n some cases the call may be an int@®rconnection between two operators,

and one operator may not know the routing in the other operator's
t he echo detection

ol o oER P20 R 1R caBermatielr she calimay b sbvertas i of

t he echo dobm;rmélmraﬂahdoriedlo i s caused by his own network or the 25
¢ Heaw! ﬁ'f*leb 10 \ieF9Ive, Ay single) #5he i ansd delay mpasiremratys o
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Fisgure 1 shows assgf nplified tel ephone network having two terrlr,1c§.<’a ?98/8%61

and 2 connected through respective 4-to0-2 wire hybrids 3, 4 to a tel ephone
t runk link having a first path 5, (frbmhybrid 3 to hybrid 4) and a
second path 15 in t he reverse direction. Connected at sone point al ong

Lhe paths S angodd chassiboR@ibtion> Plilirideting Gried'o, NG UAULE Eodbchdthdnls of

described in re eta i's connec
path 5 at poithe signalsdot crossreotrelationt path 15 at point Y. Figure 2 shows

he echo-d fF h
on' the paths. 5, 1 & /AT, Saarerd oS 1€hmen &, AR FERHS o e, ands

18, and dgemvace tfbs&%ﬂ'@ﬁfnbﬁe THeCraliabifis hprgves furthe?, if b9|on§ egment is
pre-processing units 9, 10 19 feed a speech direction classiftication unit
11. A rrea%ur"éﬁ%ﬁi‘hﬂﬁ'ﬂ*'t theommseamery is negligibjg above 8Gmen cHeweyeryf praspmest

18, pre-procgssy ﬂged”iéﬁg[?h%e 18b rAd)dit thb§ Cdontdin anly aphﬁéﬁlédeeeﬁlswnum tthé"l

and supplies an output to a post-processing unit
provi des an cmgpmngt w-mn&eoremwnw of theusegutest mrngelnpisng lbfn‘tbls cn:cuns7 the

e cancel - PAmRE LGy iy 6 eold AMAESP R U Reloi g 5ol R
t hrough respahe ise’gnmtrbdamaias mainiyl 3pedch, daom sibiseam Tife bre;:tacpss)ng rdefecxs Y.
' 1(5 segments of speech between 40 and 80ms in length.

As conversations are essentially uni-directional - people take turns to

~ speak to each other - a direction indication unit 11 can be used to detect which

party is talkin_g. ‘The echo path delay and loss is then calculated for that direction

~ i.e. if speech is detected at point 'X' the echo path 'X-4-Y' is calculated;

15 conversely if speech is detected at point 'Y’ the echo path 'Y-3-X' is calculated. If

speech is only present in one _direction then it is not possible to resolve the echo

path in the opposite direction. -

The direction is found by comparing the length of the speech segments on

the two chan_nels. The channel with the longest segment of speech is taken as the
20 channel with the incident speech.

A standard cross-correlation algorithm is used to caiculate the delay.

If the Speech Echo Path Delay (SEPD) is resolved, the incident signal is
given a delay, equal to the SEPD, and the echo signal loss is caiculated from the
difference between the root mean square (rms) of the incident signal and the rms

25 of the reflected signal. _

As mentioned above, speech needs to be present on a channel before a
measurement can be resolved. The minimum measurement time is 15 seconds.
This will increase the probability that a suitable segment of speech will be present
on the channel. Within the 15 seconds it is likely that several measurements will

30 be made - sbme means is required to choose the measurements that are correct.
The method relies on two processes. Firstly cross-correlation produces a
correlation coefficient value, or confidence factor. If the signals match exactly

after the signals have been normalised and delayed suitably, an exact match



Figure 3 illustrates an echo | oss cal cul ation device which can nake use of ,
the ou he devi ce according to the invention. PCT.
?ﬂ&%ﬂ as F% Ei&ﬁ?@ 2, 20 -

si gnal e input to a speech classifier 11 which,

i dentifies which signal is the incident signal and which the reflected
signal, and controls swtches 36, 3j2to feed the incident signal to an
I nput 21 and the reflected signal to an input 30. The

i ncident and reflected signals are fed via buffers 8 18 to a processor
10, as i nPradygeeaxorgiatiopicoetinignsiiof dr PHe tothe: mpaiments pf thegchaopathtitil k
del ay buf hatZhe lag will be |  hey | S 3hat! led thé Jad NPUt
to the bu;s?'éﬁe%g% to gelaga)‘/mi t_ef gsr,s ?ii% 1 gpgrgfd;ga‘?orre_s%gﬁ%ﬁ.%uﬁggﬁnngdcho
del ay det walye isdraggert than §o3 tthenr thecdaley hapbeen calglatedndrregtiy. Selcapdiy if nput
23. Both gj I I Lve: modifier 26, 27 in.which
wei ght i nggé‘%?g %B@Ffé??@dgg%eﬁf égiﬁﬁgglefﬁge H@Fa@gﬁe?ﬂbm“?l'rﬁﬁ'&f‘p% 28
and a rBdiafithird an efibe@biedaciunany ofSkach StherweA Gbling Gverage idclsedasd s an
anal ysis unit 24 np i nci dent si The nodified

i nput "gi’t@rﬁl'"ﬁggﬁgé% Iﬁgg ?tvggagc%g!fggﬁfe@ﬂ éW°aW§F'iI§%gg:‘WH%'%Erth€DﬂHW32’9. The
out put 32agdurbdi of each btre?! 129 likel¢ ARMAERI Whbig) cdis-cofferditibh alin gtbagsed ed
signal 30 in a conparator 35 to o N o . _
random delay estimates and hence will not be included in the average resulit.
In the embodiment described above cross-correlation is p'erfo'rmed' in the
10 time domain. Alternatively; it could be performed in the frequency domain using.
fast Fourier transforms (FFT).. This requirés more memory but is .m'or'e efficient. ‘
One simple method for calculating cross-cdfre-l'ation'i's to only use the sign
bit of the signal. If the samples from the original and reflected 's'i'ghals_ are of the
same sign a counter is incremented, if they are of opposite sign the counter is
16 decremented. For a good match a large total will be fduhd,:'i'ts_' magnitude being
related to the length of the sample and its sign dependent on whether the echo is
in-phase or antiphase. The output can be norrri'aiis"ed* using  the lehg"th' of the
~ sample, giving values in the range -1 to +1. This method is not as accurate as
‘other means of calculating the correlation coeffidient'bi.if is ieason'ably accurate for
20 low level of loss. It has the advantage of not 'being'a's "dérhputatidnallv intensive
and hence very quick. Such an arrangement is suitabie for lower cost DSPs which
have limited processing bowe‘r and are designed to operate on circuits that will
have a lower echo loss value. o |
The method is not fimited to using speech as the circuit stimulus (it has
25 however, been optimised for speech). Circuits that alrea‘d'v have echo canceliers
present will not, under normai operation, have an echo present. Although there is .
no echo present, round-trip delay is a useful measurement o obtain. For these
circuits a continuity signal, generated by the signalling system can be used to
perform the cross-correlation. A continuity signal is a tone, transmitted on the
30 speech path from the outgoing switch to the incoming sWitch which loops the
signal back. :This method gives a measure of the delay between ‘international

switches. Continuity check tones are generated by the International
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generate anvey 25593, gnal 33 which is fed back to the DAF 29. RGO GPYYI2618

val ues of the DAF 29 can be read off at an output 34 to all ow

cal cul ation of the echo |oss by a cal ¢gl ator 38. The
operation of the invention will now be described. Referring nowto 5
Figure 1, echo can be caused when part of a signal travelling along first
path 5, EPésqqueu"'%ﬁ'°ﬂSéH-m°na@1pl6ﬂ ) signalling -$YstRrp Jymher ) 1PFipF ta & fiRging
returned overgagcond path 15. This signal will be heard by the user of
termnation 1, who was the original speaker of the utterance.

Simlarly, echo canlheemeshed @f bihenhipbentiprg can dig @ppliesyto othersjapplidations not

transmtted b m | 2 : sp er_ usi:ng . rmpati 10
Echo can al soafﬁéﬁgadgg{cﬁ @3‘ °ac\2€}§%<i réégf‘;@ggdbg@{ a '% F égn%{'%étg’ﬁd,thget%n
t he uSer'telecomimpusicaticnsd limio Uik hysiedcia. the broad sense tdheovdelamy lirik vareying he

out goi ng and i ncom_ng signal. as perceive t he user. of .a term nation
1 is deterni rﬁé%f‘a?s If'&?‘bé’l RRING Ffé%&f’é'\e&nl@’g‘eﬁéf\@eﬂa’ﬂfg a sw"‘&'@F’rﬁ‘ﬁéﬁq‘oﬂ 3

and the hybridbdicatéd miKrer el ement which is causing the echo.

15 Simlarly,

the del ay between the outgoing and i ncom ng siognal as perceived by the

user of a terninatild§ NPErgEcR FRtpAIPN KY§emy

10

15

ythendnventipn nean he Weed fore

providing the echo delay input for an echo loss calculator as will now be described.
In Figure 3 a delayed incident signal 28 and reflected signal 31 are input to
a digital analogue filter 29. The output 32 of the DAF 29 is compared with a

" reflected signal 31 in a comparator 35 to generate an error signal 33 which is input

to the DAF 29. .

. Using the unmpdified incident speech 23 {delayed by the bulk delay 22)
and reflected speech 30 as the inputs, the DAF 29 would converge to produce the
impuise response of the echo path. The impulse response of the echo path is

effectively a model of the echo path, however the model produced will not be exact

~as it is dependant on the characteristics of the speech. A DAF will converge to its

20

25

30

optimum state if a white noise signal is used as its input. Therefore to improve the
accuracy and the speed of convergence a linear prediction unit 24 is used to perform
a form of pre—émphasis to modify the delayed incident signal 23 and reflected signal
30 to the DAF, to “whiten” the signals. The delayed incident signal 13 is modified in
a filter 26 to generate a modified delayed incident signai 28. Similarly, the reflected
sighal 30 is modified in a filter 27 or generate a modified reflected signal 31. The
modified signais 28, 31 are used as inputs to the DAF 29.

. Speech signails consist of voiced and unvoiced segments. The voiced
segments are high'in energy and the samples are auto-correlated in contrast to the
lower energy noise-like sampies in the unvoiced segments. These characteristics
result in a poor convergence rate of the LMS (least mean squares) algorithm used by
the DAF. As the unvoiced segments are low in énergv they tend to be corrupted by
echo path noise, so the properties of the higher energy voiced segments have been
exploited to improve the performance of the LMS aigorithm. In order to do this the

delayed incident signal is supplied to an LPC (linear predictive coding) analysis unit



termnation 2 and the hybrid 3 which is causing the echo. The

devi ce ected to the network by tap connections X and )
db?%l pg?hs 5, 15 respectively and is used to det e@g{%&ﬁ?‘&ence of ,

connect e

echo 20 in the systemby monitoring both lines for signals, and
cross-correlating these signals to hgentify characteristic signals
havi ng passed connection X and subsequent |y passing connection Y, or
vice versa, Connections X and Y are sinple | ow i npedance T-connecti ons

al | owi ng t4feWhichdarives F%Q‘Pﬁff'?'wscﬂf@r f'ltetd'ﬂp)ahwgSa freguency mespdtzrsen:imildror ed
by device t e eyents t 5 | Stance
of the soudhPtetBay sosbrirorifie Meidth: SBRE, SieHCandlySi 8 svelEiionn bsf,
hybrid 4 mdﬁmtlallvsh@enmtascm@emh\rlh efy%delmcneh maevﬁnemmvhai abﬂlﬂféhltefh &hge

Mo , 15 .0n the origin nal appear e

i d;ﬁ? Yfe |r ed e l%all p%{amchq ﬂne V°'°%ﬁ°é'ﬁ fhat "éﬁﬁmgguegorﬂ‘ﬁ isWahit simdatepy
est abl i Bhithe effeet hsfr tHeheocaluract o tA6 heaskhtially whith \Witss Mtk CR R B dnt he

f t termnation 1 or en the device 6 and the 30 second term nation
2I ' speaker's Jungs an vwgﬁma? « ?\héPe'szuV\E Hueerse funetione[1 Hifenot thisiam as

hybri ds 3 filtdr0R6, 27 @'ds&ﬁo-ﬁthﬂ@ ridiset Q&nﬂ%ﬁ@p&ml@]}ﬁ Bherdl)! el cﬂ@in are the

source of echo.
speech can be generated.

The linear prediction unit 24 receives an input from the delayed incident
10 speech signal 23. The sequence H(z) generated by the units 24 is transmitted as an
output 25 to filters 26, 27 which apply the inverse of the sequehce H{z) to the ‘
delayed incident signal 23, and the reflected signai 30, to generate modified outputs
28, 31 respectively.
The delay imposed by buffer 22 is determined by the correlation technique
15 described above and this delay is applied to the signai 21 by means of the variable
delay buffer 22, such that the DAF 29 is centred on the delay echo path. The DAF
29 will then converge on the echo path. _ _
If the delay period is .predeterminéd in this mannef,- the DAF 29 can be
centred on the echo path, hence requiring the filter to have a much shorter length
20 than if the delay imposed by buffer 22 were only an estimate. |
It is desirable to test for .echo on both channéls of a two-way
telecommunications link, as echo may appear on either, or both, channels. It is
th_erefore necessary to identify on which channel the incident signal is to be found,
so that the correct signal is delayed. | ' i
25 Instead of operating using a delay period variable between zero and a
predetermined maximum, the period can instead be made variable between negative
and positive valbes of the maximum. .
However, since this would require both positive and negative values of
delay to be tested for, it would halve the number of delay periods of different
30 magnitude which can be tested for. Instead, in a preferred arrangement the channel
currently carrying the incident signal is. identified in a pre-characterising stage. In
most cases a two-way voice link is used by the talkers in turn. It is therefore

possible to identify which of the two channels is currently in use and monitor only
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The echo dg%quew ce 6 uses a Cross- correl ation techni qugqlgnmg’re

speech on the reflected and transmtted paths. Cross-correlation is a

met hod of statistical conparison of twg signals generally used, in
signal processing, to cal cul ate the delay between the input waveform
and the output waveformof a 5 system In the present case

‘the system | ntwwmmaneeltf%é@tm& Jhisncast be dene by idestityingoery witichcef the twee.
from connecti 85'ar?§h sbtrfeoggﬁﬁééswsn%a‘{é %r@éﬁ%[:ﬁrﬂ é his' & Iel is GAUNBRES ' a%nth to

connection X via smite nal 1s conpared
with the refl émndehtScigimlel gniothewdtheraoheiis) tHePeforenbilei* taﬂdetedbchamebs pond to

that of the transmtted s an oss-cqrrelatio oefficient is
cal cul ated. The cros@- Sﬁ"&"gﬁ’ ‘%‘Z‘FC"{'QH"E& ?eﬁcl%g%ﬁ'ﬂf:ﬂﬂﬂ IS Cqmpc out
and it des@ i BpIne Y¥icei ddkivity detertdr\v1 swaaieseoab.ew%demdnue oafwﬂncﬁlcgrthélm a
conpl ete cross-correlation and results when the two. wavef orns

i dentical . A 9aanAelsoK, Y the strongest fignalssarg tedieploupd anskeRNtiRls Fwitehes 38 37ne
signals are i dGchORd idhrafdid fb BRNGR Eithel ThaRREISR or TLhBRAMIOP-to WAE iRbLIEES: Car

is not sensitrve to phase, for the present purpose a negative
correl ati on i enden nhammmhtof abe sletastort | Ve Smiarinswiteh 3 imarranged to prgvide

detect either ei?l?er%%aﬁﬁer?cﬂ( orq%]a%?\gw % Itl¥e in%gt EB,ealgp ﬁRJlé}-ttﬁe %gﬂblt %eqetéc%‘r

10 11. Detector 11 provides outputs such that when switch 36 is set to channel X,

switch 37 is set to channel Y, and vice versa.



correlation is used. The tra ' hen del ayed by one unit of

tine a e cross-corre aﬁHl%ﬁl'kEEEﬂ'fAS@%&N s recal c tch
bet—\a@em&qal_s_(l e. ll t he ﬁﬁi@}rﬁqwe of i{ he cross%’%ﬂ?ﬁﬁ‘ﬁ

coeff|C|ent bei ng cl ose to umrty) Wi occur ~  when the del ayed transmt
Emumlmu "Ill:lﬁmef | ected signal . The echo detector
peech signal before b%rfor m ng cross-correl ation.
Th| s significantly inproves the accuracy and reliability of the devi ce

by choosing segnents that contain speecbkgﬂmsross correlate. with. In 25
particul ar, because only selected segnents are anal ysed, they can be
anal ysed in nore detail. For exanple the el emental delay inposed on t he

transmttqd signgl rnten‘er@ﬁ& Rfetéctiof é\{héﬂ&“reé tb@%tﬁm&tlohgﬂ{n V%

accuracy of the de measur enen rove ur acy
and rel i alseparage fifst tahd &eym@nhmmlqanbesssnengcerhptmag Sibstsmgnmd:ring meaﬁs f or med
nment.s at are correl ation.

to identif eech se
Th . (3T, RB0ERTNS 308 aialng: S BB UFY berrih 409D meniFerke Teaecn
i . e. near f40-rhasitdring’ igrials NEdVellindS cveeetHe |second ceharitel ahhd sdthshigiegt i onal
rreans of conmmuni cati.on (one person_tal ks and the other listens) the
moni tor 6 CRERarisqrs means for comparing the signais momtored by the first and second
monitoring means for one or more delay periods to |dentnfy the presence of
interference between the channels, wherein the compar;son means is arranged to
10 identify cross-correlations between the signals monitpréd by" the first and second ‘

monitoring means.

2. An interference detection system according to claim 1, in which the first
monitoring means includes means for detecting and selecting signal segments on
15 the first channel having predetermined characteristics ahd_'the comparison means is
arranged to identify cross-correlations between such characteristic signal segments
and the signals monitored by the second monitoring meéns, the selected signal
segments having lengths corresponding to the duration of the predetermined
characteristic.
20 _
3. A system according to claim 2 wherein the selection means is arranged to
select parts of the signal having the identified characteristics having a duration

greater than a predetermined minimum.

25 4. A system according to any preceding claim, wherein the comparison
means comprises a plurality of cross-correlation means, each cross-correlatioh
means perfofming a cross-correlation -for a different delay period, and delay
measurement means for determinjng, from the outpdts of the cross-correiation |
means, the magnitude of the delay in the inferference signal.

30 _ _

5. A system according to claim 4, including means for determining a rolling

average from a predetermined number of measurements from the delay

This.Sheet Has Been Rel;ilac_ed
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1
(al nmost) real -tine ] p s used to divide the
echo pat h i Hllllﬁ@ﬁ’!m%ﬁjﬂﬂm ' F1r7om the nmonitoring point X the
origi nal signal ' n ata buffer '8 5 which stores the incom ng
signals for the length of time for which neasurenents may be nade with

them The daipagirefientéhdahe diftdringrfrorf 38R iokiverasy Values 1856 B5dh a predetermined
pr e- processi ngpum t 9 which identifies segnents suitable for neasurenent

and i ndi ¥&%8s to a neasurenent unit 10 which such segnments are present
in the buffer 8. A second data buffer 18 and 'speech pre-processing unit
19 nonitor the signals 10 passing through nmonitoring point Y.

The out puts 6f speécsyspera-asconsingtongnyof tcdaits 2 o & includingaa espeech direction

directiondd LI L O [ . Thi |t .C ares certain

character iés_t ?grtsel'ré#ngﬁ#é ﬁems%a%éflslggcrﬁe%gs tsf?'gﬁ‘gﬁ"ﬂw%‘% °é‘ne(‘”r"é'hg°€‘ﬁ"'6?' g‘ﬁeech
segnent to diehgest segmentdf sifnal havingahe ntonivered ciaragterigticspdce ori gi nal
signal. 15 The measurement unit 10 uses the output of the
direction indicating unit 1 1 and the speech pre-processing units 9, 19
to select daya from Ryéfedi Sadtordifig Otb any Vire&dUingd &laid,Y iflliding means for

cross-correl ati on neasurenents. The results of these _
introducing an echo delay signal into an echo loss calculation device.

10
8. A system according to any preceding claim, including means for
introducing a cancellation signal into the second channel.
9. A network management system including one or more means for

15 introducing a canceliation signal into a channel on which interference is detected,
a plurality of interference detection systems according to any of claims 1 to 7 each
associated with a respective pair of channels, and means for selecting the channel
with which the cancellation means is associated in response to interference
detected on the channel by ihe respective detection means.

20
10. A network management system including an interference detection system
according to any of claims 1 to 9, comprising means for identifying, from the delay

measured by the system, the network elements responsible for the interference.

25 11. A communications system having a plurality of communication channels,
" and an interference detection system according to any preceding claim, the first
and second monitoring means of the interference detection system being arranged

to monitor one or more pairs of the communication channeis.

30 12. A communications system according to claim 11, wherein the pair or pairs
of channels each comprise a two-way communications link, the system being

arranged to detect echo.

. This Sheet Has Been Rerlaced
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out of ph@eeomrﬁrrmééieneamq{aemgsmeaahdts)éca&DE:ﬁérrriens,FheSnethodaﬁmdri@mgm gnal
I's conbined in conbiners 13, 14 respectively with the echo arriving on

the returthepdeps 9f gronitoring iﬁﬂ?&ﬁjé’é"&'"’i@ﬂ(‘lebatfﬁﬁt channelhm@nioring Signals t hat
the ] ﬁ'@”&\felr'aasécgﬂd %‘hﬂﬂﬁél SAP UblpBnd B éu&ﬁ'alE'%‘Pﬁﬁé SPMdE dblAG

measur enent pol nt prevent the echo cancellation signal itself
f ormi n§ eeriodsito tldlmtév gmapre;enmeat intenderence hetwesnthe giwnhels wherein the  The

AR NI D R R

know edgecapiied thﬁistlsndisemd tlanndient i fy the conponent causing the echo,

14. A method according te claim 13, comprising the further step of detecting

10‘ signals' having bredeterrnined eharacteristics on the first chsnnel, selecting
segments of signals having said characteristics, and _ident_ifying. cross-correlations ‘
between such characteristic signal segments and the signals ._carried by the second
channel, the selected signal segments having lengths corresponding to the duration
of the predetermined characteristic.

15 :
15. A method accordlng to clalm 14, wherem the segments selected are of

duration greater than a predetermlned mmlmum

16. A method according to 'any of claims 13 .t_o 18, wherein _the cross-
20 correlations are performed for a piurality of delay periods, to determine the

magnitude of the deiay.

17. A method according to of dlaim 16, \rvhere_in a rolling everage of the
determined delay is recorded, the average being calcuiated from a predetermined
25 number of delay measurements differing from each other by less than a

predetermined value.

18. A method according to any of clairns 14 _te 17, wherein the channei to be
monitored for the initial speech signal is identified by monitoring both channeis for
30 signals having the predetermined characteristics, and determining on which

channel the longest segments having the predetermined _ch_aracte_ri_stics occur.

This Sheet Has Been Replaced

M




W 967 15597 T
PCT/ GB95/ 02618 - Tt
al.l owi ng r VO et i on to be taken| AT EF BEEN e cal IW’E@"“

diverted to anot her route, or and The required

time to resolve a Emﬁm‘ﬂmw&mmldel ay neag Urenent 15 dependant on

t he maxi num del ay . for 1 second delay after a 5

sui tabl e speech segnent .iI's detected it takes 1 second to accunul ate the
sanpl es 48d a Aunethed of endasdring echo path Ipss de sehichy eciBy dpiayliis detesmined
progranm ng | A rocessing tinme further but
ultimately th%acep??%cgﬁhgé ﬁ’.etmd of a%gtc‘?ﬁﬁ\%%é{‘o &gpendant on the nunber of
sanples required to be stored for the echo pat h. To decrease
t he processing.tine,a neans n measur enent ran IS

i ncl uded. Usi th.é‘?%gﬂ%*’&ﬁﬁe'?ﬂ&"%‘f %’H ﬁﬁ'ﬁ'b%?f“?&ﬁﬂ"%F’ﬁ’iﬁcf'a%éf&ggwnswv
several di @i tee metioaldfi dhg o¥ QSIRESTS So (1BSBRY adding 1 tHecseEBAS CheRRdla dighd!
10, with each DSP searching a different measurenent range. For eXanple
f our DSPs nmycomplemgatagy dg the ﬁﬁ:‘r"@béﬁ?c&q 8y thedirat ehennel apg having: thedsarmech
DSP sear ches 250, 250-500, 500-750,
750-1000) , he%eégeé?ﬁaéaﬁtenuatfoﬁ%e]:géﬂitgltgtg‘%gm E%E@tn Elzéés%f)éatggh of the neasurenent
is nowonly 250 ns. If the aI gorithmis used for national networks

wh th I t t d t
o T au B b mffie8”of Tebhisbhde WhebRuSH ST [SpspmmuriGenply H30AE
sui tabl e flor qemmisire a plursiag f @asmltﬁairag:otﬂbﬂsmg monitoring each channel pair for

interference by the method of any of claims 14 to 20 and selecting one or more

channel pairs having the strongest interference signals, and applying to the second
channel of the or each such pair a signal complementary to the signal detected on
the first channel and having the same delay and attenuation as the interference

15 signal detected.

22. A method of monitoring a telecommunications network comprising
detecting the presence of interference by a method according to any of claims 13
to 21, and determining, from the delay so measured, the location of the element of

20 the network responsible for causing the interference.

23. A method according to any of claims 13 to 22 in which the two channels
form a two-way communications link, the method being such that the interference
detected on the second channel is an echo of the signal on the first channel.

25
24, An interference detection system substantially as described herein with

reference to the drawings.

25. A-method of detecting interference substantially as described herein with

30 reference to the drawings.
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11 - a good cross-correlation. Pre-processing units 9, 19 sel ect speech
segnent s of the signals for cross-correlation. A m ni num
segment | enHOIHBHHs) is required to give a reliable and PCR/GBIVN261S
cross-correlation. The reliability inprove urther if a longer segnent is
5 used al though the inprovenent is negligibl’'é above 80 ns. However if a

segnent Is a fixed length i.e. 80 ns, it nmay contain only a short
speech spurt at the begi nning with the remai nder of the segment being
-noise. If this occurs the segnent is less likely to cross-correlate. A
vari abl e segnent | ength ensures that t he segnent contains nmainly

bet ween 40 and 80ms in | ength. nversations are
essentially unidirectional - people take turn speak to each other -
"a direction indication unit 11 can be used to]d&f ect which party 1s

tal king. The echo path delay and loss is the culated for that.direction
i.e. if speechfis detected at point 'X the e ath "X-4-Y' 1s calcul hted;
1 5 converselly if |speech is detected at poin " the echo path "Y-3-K is
calculated. If speech is only present in direction then it is pot
possible to regsol vg the echo path in the site direction.
The direction |is fqund by conparing the |len t he speech segnents pn
“the two channegl €8 The channel with the | ongdgst g?ggpht of speech is ;§<en

"as the 20 ¢ n:ii%@%h the incident speech. 0 X
o

speech, not noise. "The pre-processing sel ecK >zE segnents of speech
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A*standard cross-correlation algorithmis used to calculd t

| f the Speech Echo Path Del BAT @QQPEMIQH,TRMWK& PBI‘Q[’?G}
gl‘fven a delay, equal to the SEPD, and o signal loss is cal cul ate
fromthe di fference between the r#‘ n square (rns) Q#- the 4 nci-dent »=—== -y
signal and the rnms 25 of the reflected signal. tAs~mend i.onedy ( i

above, speech needs to be present on a channel before a measurement can
be resol ved. The nini WWMHPW@MG?ONW‘% wil
i ncrease the probability that a suit SR speech Wwi-t:l--be-pr esent——-—-
on the channel. Wthin the 15 seconds it |s%lr§iﬁ£%'llle36thgt sever al _“p
nmeasurenents will 30 be nmade - sone neans is required to choose t he

Neasur eippiicit's di sgenafil€referericd’ €C1 - The nmethod relres on two Drocesses.
Firstly c rel ation pro 1@9@MHERAC'UQNI’G|E§];M37M anqae@ﬂ Fo pamw)

confid i — pals nptch exactly 2
riperratienalgenicaien ey qyed s fijPeEmaiipal flipg date (dapimonthiedg), | Priority def{deppriontiiveery

been n
PCT/ GBS/ ficky’ds 95/ 02618 07/11/1995 10/11/19b2
International Patent Classification (LPC) or national classification and IPC -

HO4B3/23
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1.  This international preliminary examination report has been prepared by this International Preliminary Examining
Authority and is transmitted to the applicant according to Article 36. ‘

2. This REPORT consists of a total of S sheets, including this cover sheet.

' X This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have
een amended and are the basis for this report andlor sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consists of a total of -1' sheets,
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nn D Priority .
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1v D Lack of unity of invention
V>4 Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
vi [] Certain documents cited
vit [ Certain defects in the international application
VIl E] Certain observations on the international application

-t

Date of submission of the demand Date of completion of this report

29/04/1996 08 1. 36

Name and mailing address of the IPEA/ Authorized officer 4 /{
=N\ European Patent Office

D-$0298 Munich A. Draper
Tel. (+49-89) 2399-0, Tx: 523656 epmu d
5577 Fax: (+49-89) 2399-4465 Telephone No.

Form PCT/IPEA/409 (cover sheet) (January 1994) mﬁ)




,
produces a correlation coefficient of 1. Due to the inpairnents of the echo

path it Is likely that the lag will be less than 1. taﬁi}%\(ﬁnayom
.that provided the |ag value is greater than 0.5 thei Ine - gelay has
been INTERNATEGONADLr PRELIMINABY OENAMINATION REPOBITa| resulPCT/§BO5402848ed it

i s reasonabl e to assune that each nmeasurenent is 5 within

accuracy ,of &%Ch ther. Arolling average is used so that a val ue is
i ncl Jodeeis of B8 &eMFer age if at least two results are within the all owed
accuraey—ef—eaech—other—tt—+s—t+t+kety—that—anywong-cross-correrati om w it

Pr 0dug Gig re%)rﬂt' BB YRR aFhe @YonO8d bR 07 SRepIACkndRE SheBts \Which hdv® beeld Surhiifel tsled récivinge

aver age r.es) . ... 1N the enbodi nent. descr.i bed, abqve. 1 aam
o1 5o Q8o FeiRe foaiapibeionaner FEioholV s FotiEed J R e PRt F rSH oLyl fileg and are
coul d met pmexédtonthel réport tsinee theyr dpumwh contado ameidmentssi:ng. fast Fourier
transforns (FFT). This requires nore nenory but is nore efficient. 4

One sinple method for calcylating,cross-correlation is to only use the sign
bit of thd 8¢ intenational al’ﬂé""’%‘%ﬁl%g“\_a{lﬁ% e original and reflected signals
are of the sanme sign a counter is incremented, if they are of opposite

sign the oS 1 cr ted. For a good nmajcChi regpeq,t otal will be
found, i ’é%rrggﬁ;rtl%%en' %3‘?“25’ gﬂﬁr]el ated to the IengtfﬂFdo%;FE’lﬁe sanple and its

si gn dependent on wheP¥& —the—echo—+s——in—phase ! The out put
can be nornalised usi pged Be Bength of the sanplfiied gjth/the Jettexiofi 9 /19 /96
range -1 to + 1. This hod is not as accurate as¢jled yith fh8etb@aRS Of ,
calcul ating the correfationmcoerficient but 1S reasonably accuraté for 20
|l ow | evel of loss. It has the advantage of not being as conputationally

i Nt ensi vgx] the claf, iIvence very quick. Such an arnrsxrjeindiy filed, suitabl e for-

lower cost DSPs V"hk&h , as amended under Article 19,
Nos. ., filed vith the demand,
Nos. 1, 3-13, 15-25 , filed with the letter of 10/10/96,
Nos. , filed with the letterof ___
[x%] the drawings, sheets/fig 1/3-3/3 : , as originally filed,
sheets/fig _ , filed with the demand,
sheets/fig ; , filed with the letterof _______
sheets/fig ' , filed with the letterof ____ .

2. The amendments have resulted in the cancellation of:
[ ] the description, pages
[x] the claims, Nos. 2, 14
[ ] the drawings, sheets/fig

3. [ ] This report has been established as if (some of) the amendwents had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

4. Additional observations, if necessary:

Form PCT/IPEA/409 (sheet 1) (January 1994)



have linited processi ng power and are designed to operate on circuits that

wi | have a | ower echo | oss val ue. The mejtbyadagpBcdtidh Ho.

| iam t p t has

opt i #ﬂsﬁ%ﬁ@ﬁe@ ﬁ%ﬁaﬁyﬁ %“ﬁéﬂ%&é‘ echo ci%av&%?%ﬁw

pr esent—w : S S rave—e gioaels
ther epry sy taﬂi%hﬁﬁlh&f Infoi%ﬁ]ih redaf&%%wie{t m‘i&h@é’ a:ﬁlh!ﬁﬁﬂdi eabtiignent to
obt ai n. Igg-rest hese dam rcuits a conti Kﬁl ty si Sﬁﬁgl genera?%g bilmi?he
signalTing system can be used to pertormthe cross-correlation. A

cont i Theiiqegtiens ghetlier ithe caai_hedriw,el_'ttﬁonamnt tte beinowel, thénval@e ansipeestive gbept (to be monobvims), or
out gogoyd jndfbtially lapbrichife hIE MY taﬁd"h‘éléﬁbt‘ﬁ@bﬁﬁnéd‘iﬂ&@sp&c@ si gnal back.

This method givés a nmeasure o | ay between i nt er nat i onal

swi t ches. Continuity check tones are generated by the
| nt er nat | gnthé entire internatiddalo&pplicabion,
PCT/ GB95/ 02618 13

Tel ecommuni cations Union (I TU-T) signalling syst
r|ng|ng[]°1“?i‘5“°s'24' 25( ) g g systemnunber 7 prior to a

because:
[ ] the said international application, or the said claims Nos. relate
to the following subject matter which does not require an international preliminary examination (specify):

[x] the description, claims or drawings (indicate particular elements below) or said claims ' .
Nos. 24, 25 are so unclear that no meaningful opinion could be formed

{specify):

These claims infringe Rule 6.2 (a) in claiming by refer-
ence to other parts of the application. Their scope can-
not be properly determined.

[ ] the claims, or said claims Nos. are so inadequately supported by
the description that no meaningful opinion could be formed.

[ ] no international search report has been established for said claims
Nos. : .

W
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t one. The nethod of the invention can be applied to other

appl i cations not directly related to voice tel ephon and j.n this
specification the term 5 'telecomunications link' is éggﬂ‘ ?pﬁh‘faﬁ’@nh"r‘oad
senseINTERNAPIONAL PREKIMINARYNnBXAMINATIONaREPORTM one p&CAY/GBYSAABEASE! ,
whet her _as part of a switched sysiemor a dedi cated |ink

The i nt erference detectj,on s m of .the i.nventi.Qn n

pr ov i ol Reagongd, statement, under Article 35 éf ‘EBFW%FH t%ewt}tll'dg%“"e%ﬂ%tmt? gré%pﬁfcawm ihe
descri letietionsCind explanations supportinguwhests@ementdel ayed i nci dent signal 28 and
reflected signal 31 are input to a diagital analogue filter 29 The

out put 32 of the DAF 29 is conpared with a reflected signal 31 in a
conpar SIMPENIS t 0 generate an error signal 33 which is input to the DAF
29. Usi ng the unnodified incident speech 23 (del ayed by the

bul k del 15 and reflected ch »,3Q ,as nputs, the DAFyd9 woul d
convergeﬁ{o&é@)oduce t he |rrqu gig??ésgoﬁ'gé g'yl%t?le_ec'ﬁo patn. Ihe I mpul se

response of the echo path is ' eeH—veJ—y—a—#ede-l—e—f-—t—he—ee—he—f?ath

however the nodel produced will not be exact as it is dependant on the
char act C the speech W ol q g/ to its opt gggum st at e
i f a me{”%eiér%{(’ﬁ %e Isgnal S usedpgls |ts’ |nput w%teretore to rnprove the 20
accuracy and the speed of conver@éﬂ%e—aqq—neap—p-leed-r-eﬁ—ma—ﬂ%“q s used

to perform a formof pre-enphasis to nodify the del ayed incident signal

23 and ret| 30 t DAL 4t 04’ en" the signal gg The
del ayed %&%@ﬁ&@%’%ﬁy (IP\% IS g'd tgn 13, équzlaltter 26 10 generate a
nodi fi ed del ayed i nci dent signal CEES—SFm—l—a-H-y——t—h-e—Fe-H-ec—t—ed—

2. CITATIONS AND EXPLANATIONS

1). The following document has been considered for the pur-
poses of this report: '

Di....US-A-5 062 102

This document was not cited in the International Search
Report. '

2). Neither D1, nor the documents cited in the ISR renders
obvious the selection of signal segments having lengths
corresponding to the duration of detected predetermined
signal characteristics in a system (claim 1) for or
method (claim 13) of detecting interference between
channels by means of cross-correlation.

-t
3). The remaining clains relate to advantageous embodiments
of the invention claimed in claims 1 and 13.

Form PCT/IPEA/409 (sheet 3) (January 1994)



signal 30 is nodified in a filter 27 or generate a nodified reflected
signal 31. The 25 nodified signals 28, 31 are used as in& ts toyége F 29
Speech signals consist of voiced and unvoi ced segnents 1on Xo.
SegNEINTERNATIONAL PREIAMINARY EXAMTNATIONs RERORTUt 0- cor IRAT/GRPS AO2648 r ast
to the | ower _enerqgy noise-like sanples jn the unvoiced segnents. These

characteristics . result jn_a poor convergence rate of the LNB (I east
mean y&uﬁﬁ'@é‘)%@ %mtwém%m 1?“he DAF. As the unvoi ced segnents are

prope & t ﬁ?ﬂmx & epr0|ted to

I mpr o@é f?ﬁow?x%eéﬁl&s%%ﬁé:fogf&?gﬂéfﬁg ﬁ?g%%ﬁ%ﬁﬁ a?%l or e? to dlg etdhl s the

del ayed incident signal is supplied to an LPC (linear predictive coding)

anal ysi s uni)t, Referend@ ¥/ghsb3h parentheses have not been inserted in

PCT/ GB95/ 02618 . X 24
ms t 1nqr%? e helﬁﬂlgt 111 b11 ty,

whi ch derives thg'coe i Clents O aV| requency response
simlar 6.2(b) PCT.

2). Claims 24 and 25 contain a reference to the description
or drawings. According to Rule 6.2(a) PCT claims should
not contain such references except where this is abso-
lutely necessary. (See also section III of this IPER).

Form PCT/IPEA/409 (sheet 4) (January 1994)



RCV. VON A -MUBNCHEN 03 flu-lu-Y6 ¢ 12:50 CClTT BECM- 49 89 20994465:4 5
td the frequency spectrumof the incident signal. Such analysis is
Il -known in the art. Essentially it generates a series of.
coefficients which, when applied to a white noi se signal, reproduce
twe vai ced sound that was nodelled. tn this way it sinulates 5 the effect
o]

the vocal tract on the essentially whitesnoise input to it by the
séeaker's | ungs and wi ndpi pe. By applying tﬁe I nverse function 1/ H(z) of
this in filters 26, 27 a pseudo-white noise signal corresponding in

emergy to the origi ndelays of thipeedeh of meghltudmerasrwelbe being annoying, also Jdnduse
| inear predi Ct{rﬁ”sq{:{ykkr 2nd QSR HSP i ImbdRide fSOéUnttiEﬁe ds%!e@ﬂiﬁg. | e Gtratore”
h by the units 24 I's

speech signal 23. e sequence H(z) generate
transmtted asdesirable to dategliwhes echo fis bteurgng 6o 1hat vamerial sgsppion dahcbd takense

of the sequenc : . Ve i NG ' 23, and.the

refl ected si gn.g?lygé?‘e‘?'gl %%ﬁ’grrg% mqrr@!ﬁftlggiabgﬁ% gﬁlé ét&ﬂa‘%ﬂ,gfﬁ ’rué’ég;i)gc?af‘vbeﬁ y.

The del ay i Bporepdirdd; dolifritirg @@ uss ol ehe fauitysirchit to luses wherd thiei exho tcagdwsi legse

15 descri bed ve and ' I i S lied t he si | 21 by ns_of

‘the variable &g&e@gl’ 5?"%9# %gsﬁﬁ{a%ﬁcﬁaqgﬁg\ whish %ﬂﬁ°§3%§yc'8#f’? $hoT 1o %

'd]t | ay echo pattroublésomidFor to drfis-way | trehsmissionvaeugie as fabsindiaherapsmissions.

|{ the delay pgri.od i redetermned in this manner, the DAF 29 c be

centred on t h‘eﬁém?gs% ?’“ﬁeftr?f:@a? U\grﬁhﬁgecbﬂé'qi\arg\étmf"&"ﬁ%ﬂ/ a&“ft‘r‘ﬂ%{’]{ WABA o

| engt h 20 t hancdnfiplédentiey aignangerived fhym Rhé batgehy vighal torgenemite @Sigrdobithut.

It is desir blﬁ to test, for echo on both chanReI SPﬁf aht WO- Wa¥P ,

tel gacon’mmi1 atTgKever; Al these e“ﬁ’lﬂf%ﬁe‘ﬁﬁ'ﬁea?mo ney a¢ that apopeno 6ﬁ'§f?ﬂe?’%d.

At is ot hes"d?rﬁétﬁﬁgﬁﬂﬁ@%?ébt&r%ﬁ‘cﬂ,%tbﬂv Herdendy frfie @RAM3tenStidrICi dent

.signal is to be foun . . L o )

o It Is known to transmit test signals over a telecommunications link in ordér
to detect the presence of echoas. This system can only be used on lines which
are not currently in use, because traffic on the line would interfere with the

15 detection of the test signal echo. It is also known to use trained human observers
to monitor live conversations, but this method is labour-intensive, subject to
human subjectivity, and also has implications for the privacy of the speakers.

In-service non-intrusive measurement systems are known which use least

mean square (LMS) adaptive filter systems to measure the delay and echo strength

20 from the conveyed impulse response. Modern digital signal processors can support

about 650 filter coefficients: at a sampling rate of 8 kHz this equates to a
maximum detectable echo path of about 80 ms. To detect langer echo paths
using this impulse response technique either the number of filter coefficients must
be increased beyond these practical limits, or the sampling rate must be reduced,

25 which reduces the likelihood of a convergent response from any one sample.
United States Patent 5,062,102 (Taguchi) discloses an echo canceller in
which echo is detected. by identifying cross-correlations between the“:signals

- carried by first and second transmission lines using a cross-correlation technique.
- This allows short samples of signals to be used, rather than the long passages
30 required by an adaptive filter, and allows filter coefficients for echo correction
signals to be generated more rapidly than by the usé of adaptive filters.
According to a, first aspect of the inventlon, an interference detection

. system for a telecommunications link having separate first and s_econd charjr!e_l_s.
i | REPLAY EME" - )

p—— -t ¢

10 OCT 1996 Jl |

AMENDED. SHEET




RCV. VON:EPA-MUENCHEN 03 1l0-10-96 @ 12:50 : CCITT ECM- +49 89 208994465: 4
sﬁ that the correct signal is delayed. 25 I nstead of operating
u$ing a delay period variable between zero and a predet er m ned maxi num
t he period can instead be made vari abl e bet ween negative and positive
val ues of the maxi num However, since this would require both
positive and negative val ues of delay tg be tested for, it would hal ve
the nunber of delay periods of different 30 magnitude which can be tested
fer. Instead, in a Preferre arrangemnent the channel currently carrying

d arrang . :
the incident sth§riystam couersing ffistt montterige dneans o monjtesing signals draveling over

Nbst cases a tig-MaY cHerfet, éécrahdirﬁomﬁwesﬂsefar%éfrﬁfoﬁnbrsi il erabblling over
therefore possible to identify which of the two channels is currently

in use and noriihectecend ychannel andesayeprisgrogomparison means for comparing the signals
PCT/ GBYS/ 02618 gnitored by the first and sscond monitoring means for one or moreléelay periods

5 to identify the presence of interference between the channals, wherein the
comparison means is arranged to Identify cross-carrelations between the signals
monitored by the first and second monitoring means, is characterised in that the
firsf monitoring means includes means for detecting and selecting signal segments
on the first channel having predetermined characteristics and the comparison

10 meansis arﬁanged to identify cross-correlations between such characteristic signal
i ) segments and the signals monitored by the second monitoring means, the
selected signal segments having lengths corresponding to the duration of the
predetermined characteristic. .
According 1o a second aspect, a method of detecting interference between
15 channels on a telecommunications link having first and second channels, the -
method comprising the steps of menitoring signals travelling over a first channel,
monitoring signals travelling over a second channel, and comparing the signals for
one or more delay periods to Iidentify the presence of interference between the '

channels, wherein the method comprises tha identification of cross-correlations

20 between the signals carried by the first and second channels, is characterised by
the further steps of detecting signals having predetermined characteristics on the
first channel, selecting segments of signals having said characteristics, and
identifying cross-correlations between such characteristic signal segments and the
signals carried by the second channel, the selacted signal segments having lengths

25 corresponding to the duration of the predetermined characteristic.

By selecting such characteristic signals for analysis the processing

capacity available can be used bfficieqtly by concentrating on signal samplfg which

- are likely to produce strong cross-correlations, allowing a wider range of delays to
be monitored for. False correlations from low-level white noise are also avoided.

30 In a preferred arrangement signal segments having such characteristics are
detected on the first channel and selected for attempted correlation with the
signals carried by the segond channel, the selected signal segments having lengths
corresponding ta the duration of the predetermined characteristic, and preferably
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t he return channel for echoes. This can be done by identifying on which of
the two channel s the strongest sjgnals are occurring. This channel is
!ientjfled as the "incident" channel and the other one is therefore the
reflected channel. In the enbodi nent of the Figure 3 the

speech classification is carried out 5 Dby4the voice activity detector 11
The detector 11 identifies on which of the two channels X, Y the
strongest signals are to be found, and control s swtches 37. i tch
36 is arranged? ﬁ?‘ﬂr‘&" a&redetrmingd aypmpmy By, taflofing | Fs?mtp rf’ﬁ%"z"i tﬂﬂﬁ?wg\,\i" |
uhder the cont g@fatioh dfhe:edataea‘dtarsﬁbleieﬁem | el ohatide lofha 3drrédt GdrFctatidRdbdifg

provi de ei ther channel /X or ch Y to the i I d
control of the™RdEdE{mproyed: %"“;k&’g'glgﬁﬁerﬂg 6?6‘3"%@518%& @Eﬂ'\gagg'éﬁr;?ﬁrﬁ'ﬁg'aﬁen

\S/\éwr ts ¢ h 36 is. S@tmhde, CHRRELR|waStefully sftéinblifg 30 cbiela pdrts m@?gﬁ\hl nbt c3Rthinhg e
; § the characteristic elements.

_ The signal characteristics to be identified may include signal strength or
may be characteristics associated with human speech. Because characteristic
features of the signals are monitored and correlated, these features can aiso be

used to determine other characteristics of the interference phenomenon.

: 10 In a preferred arrangemient, the comparison means comgprises a plurality of

. cross-correlation means, each cross-correlation means performing a cross-
correlation for a different délay period, and delay measurement _meéns for
determining, from the outputs of the cross-correlation means, the magnitude of the

delay in the interference signal. .

16 The invention cén be used for monitoring interference between any two
channels of a communications system, but is particularly suited to echo detection
provided that the send and receive paths are separated, e.g. conventional four-wire
analogue telephony, digital telephony, broadband applications, duplex radio
systems (time division or frequencv' division) or asynchronous transfer mode

20 (ATM). Accordingly, the pair or pairs of chénnels of the communications system

e m———— wmie s o

to which the intereference detection system is connected preferably each comprise

a two-way communications link, the system being arranged to detect echo.
Embodiments of the invention allow a greater range of delay periods to be
monitored simultanecusly by storing several samples in separate stores and
26 processing each separately. In a typical situation two different _echo delay periods
will be found, depending on which caller is speaking. .
The system may, be used to provide input to an echo canceller. An echo
- canceller adds to the return path a cancellation signal corresponding to the signal
on the outward path, having a delay and attenuation corresponding to that of the
30 echo, but having opposite phase. One problem encountered with known echo
cancellers is that a false correlation can cause a cancellation signal to be inserted
where none is needed, which creates its own echo effact. The problem cen be

avoided by determining a rolling average from a predetermined number of
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JVYSTIJIOFTO FTOO0OZITHE

hvi ng separate first and second channels, the system-compri-si-ngfirt
i t.oring nmeans 5 for nonitoring signals travelling ov@r THigesHaTSILAS BEEN
nannel , second nonitaoring neans. for nmonitori ng si gnal s Rﬁamdztmng
ver the second channel and conprising ° 18conparison For—corpor

he signal s nonitored bil“"ﬂ”ﬂ"lﬂ“lﬁ["lﬂﬁcond moni tori ng means for one
r nore delay periods t :géia@# i nterference between
he channel s, wherein thé cénpari'Son’ méans

oss-correl ations between the signals nonitored by the first and second
bni tori ng neays, c fEls I ncl udes
Pans for get ecmgﬁ{aeﬁ%sel e%?eeﬁw gna 'gJer : tg{%%'tn%‘{ t'ﬂ‘ Q'P*C'P%m%
Avi ng pr extpaeateifiretdanch sacood e:haemelastharwstem compyising Siost tmaatmirlgsmeans

- An interference detection systemfor a tel ecommunications |ink

?3_5.

anged to 10 identify

S on

gna segnint " Shinfrine Feir 3SRhi Bo R 5% JREie Eokob "haR e mgee

eans, the selfect swbnitodng| sngm}ﬁen‘heellim/ldn&r the | s5eghdS chdrineE S@R didmepristhgt he

duratlon of theng)praeriget erm ned characterjsti

on means for comparing the 5|gnals monitored by the first and second

monitoring means for one or more delay periods to identify the presence of
interference between the channels, wherein the comparison means is arranged to

10 identify cross-correlations between the signals monitored by the first and second
monitoring means, characterised in that the first monitoring means includes means

for detecting and selecting signal segments on the first channel having
predetermined characteristics and the comparison means is arranged to identify
cross-correlations between such characteristic signal segments and the signals

15 monitored by the second monitoring means, the selected signal segments having

lengths correspo'nding to the duration of the pi'edetérmined characteristic,

CLAIM 2 CANCELLED

20 3. A system according to claim 1 wherein the selection means is arranged to
select parts of the signal having the Identified characteristics having a duration

greater than a predetarmined minimum.

4, A system according to any preceding claim, wherein the comparison
26 means comprises a plurality of cross-correlation means, each cross-correlation
means performing a cross-correlation for a different delay period, and delay
measurement rmeans for determlmng, from the outputs of the cross-correlation

-t
. means, the magnitude of the delay in the interference signal.

30 5. A system according to claim 4, including means for determining a rolling
average from a predetermined number of measurements from the delay

measurement means diff_ezring from each other by values less than a predetermined

value. e e
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2 2. A system according to claim1l wherein the selection neans is
arfranged to sel ect parts of the signal having the identi
chiaracteristics having a duration - greater than a predet
Alsystem according im wherein the co
25 nmeans conprises a ‘plurality of cross-coryglation neans, i
crioss correlation JMH" ! Hll ru;lwa cross-correlation for a differen
dél ay period, and del nmeans for determning, fromthe
outputs of the cross-correlation nmeans, the magnitude of the delay in
the interferenge si r aC

I ncl udi ng mean§ for gga%yesFenrﬁ' %lgﬁord‘}'g ki ?'ﬁ\’ g%%ggﬂéaéiér@ge ‘.Tr)‘gdéw A%Pg%iré?%%ed
nunber of measdetermeingtior moeanst bernmduag/ meansnﬁmsdnteumnhgneamhudhféfmnhdgtl‘fd om

each other by I‘éﬁlgg Sselgrensersltst ct}a s:gnal Ra\ﬁgge tthe moﬂ‘?orad charac{enstlcs ocour,

: 5

) 7. A system according to any preceding claim, in association with an echo
loss calculation device, including means for generating an echo delay signal in
response to the identification of a cross-correlation for a given delay period, and
means for transmitting the echo delay signal to the echo loss calculation device.

10

8. A system according to any preceding claim, including means for

introducing a cancellation signal into the second channel.

9. A h_etwork management system including one or more means for

15 Introducing a cancellation signal Into a channel on which interference is detected,

| a plurality of interference detection systems according to any of claims 1 to 7 each
associated with a respective pair of channels, and means for selecting the channel
with which the cancellation means is associated in response to interference
detééted on the channel by the respective detection means.

20 |
10. A network management system including an interference detection system
according to any of cleims 1 to 8, comprising means for identifying, from the delay

! measured by the system, the network elements responsible for the interference.

25 11. A communications system having a plurality of communication channels,
and an interference detection system according to any of claims 1 to 8, the first
and second monitoring means of the interfarence detection system being Egn_qed

.- to monitor one or more pairs of the communication channels.

30 12. A communications system according to claim 11, wherein the pair or pairs
of channels each comprise a two-way communications link, the system being

arranged to detect echo.;t_ REPLACEMENT SHEET
10 OCT 1996
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ird 5. A_system according to any preceding cl i ncluding a
.‘peech direction determ nation nmeans conprising ne ] '

dn whi ch channel the nts of signal hay
dharacteristics occur“"l“ﬂ"lnr"ﬂnwl A syst em accor di ng=
claim in association wt ost8 cal cul ation devi ce,
ans for generating an echo del ay S|gnal I n response to the

identificatio f agr rr&f ay dej ri

means for tramssr)n tt|lﬁgontﬁﬁmﬁgch€fI de?ﬂ&'aq)gnﬁﬁe ye%ﬁ &*ggﬁoscggca ul® i &n
device. 10 telewmmumcmtxossybnbmwaccfmtdandgsqa»ndrghapnﬁs,emengetﬁoducmmpnsmg
nC! udh NG A fios of, mdrREHAGIRER GariilGCbldhd B bRl H-RohRE SRR

channel . stem
neans for travelling over a second channel, and comparing the signals for one or more delay

i 5 periods to identify the presence of interference between the channels wherein the

i method comprises the identification of cross-correlations between the signals
: carried by the first and second channels, characterised by the further steps of
detecting signals havirig predetermined characteristics on the first channel,
i selecting segments of signals having said charécteristics, and identifying cross-
10 correlations' between such characteristic signal -segments and the signals carried:

by the second channel, the selected signal segments having lengths corresponding

10 the duration of the predetermined characteristic.

CLAIM 14 CANCELLED

15
15. A method according t6 claim 13, wherein the segments selected are of

duration greater than a predetermined minimum.

16. A method according to any of claims 13 or 15, wherein the cross-
20 correlations are performed for a piurality of delay periods, to determine the

magnitude of the delay.

17. A method according to of claim 16, wherein a rolling average of the
determined delay is recorded, the average being calculated from a predetermined
25 number of delay measurements differing from each other by less than a
predetermined value. '
- 18. A method accor;iing to any of claims 13 to 17, wherein the chan't.\:l to be
monitored for the initial speech signal is identified by monitoring both channels for
30 signals having the predetermined characteristics, and determining on which
channel the longest segments having the predetermined characteristics occur.
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15: introducing a cancellation signal into a channel on which interference
i si det ect ed, a plurality of interference detection syste

arfﬁ/ of clains 1 to 7 with a respective p
chiannel s, and neans foétmulwmnm(ﬂmmn annel wi th which
cancel | ation neans is asso&iated"in® responseigo interference
onf the channel by the respective detection neans. 20 9. A net wor k
mgnagenment syst i nc) udi {1 interfer nce d tection system accordi ng
to any of clai E%ﬁﬂ mepsHy! qsaeWt‘P’FS?Prﬁjh"idPl?m'? Hetegaingg
measur ed by theaceymimo ﬂiaenmbmflanebemhs to@gponsi bl e for the

i nt erference. 25 10. A communi cations system having a plurality of
communi cati on channel s, and an interference detection system according

to any of claimpl tqg ﬁ\etﬁdtﬁoif |hieﬂerence-o%ﬂgelﬁ€lﬁﬁ%@nfﬁﬁ@hb‘lfe‘tﬂﬂm&%@ﬁe%cé B¢
Interference det ecti on S£stem bei ng arran to nonitor one or nore

ed
pai rs of theBcahenmatbed ohanyohelaims 13 to3pd, and adding to thaaecoadichannelassignal
according to cl@hiBiertéhtai & B s@hﬁ %’%h&eﬁ orPfid First chaﬂﬁelcmﬂﬁjugﬁ] Q?me'

corrprl se a two-way communi cation e system bein
det ect echo. delay and attenuation as the interference sngnal detected.

1
{
|

rTHIS SHEET l—:A;_t;"Til\l_
he REPLACED

21. A method of interference cancellation in a telecommunications system
10 comprising a plurality of channel pairs comprising monitoring each channel pair for
interference by the method of any of claims 13 to 20 and selecting one or more
channel pairs having the strangest interference signals, and applying to the second
channel of the or each such pair a signal complementary to the signal detected on
the first channel and having the same .dely and att_enuatibn as the interference

16 signal detected.

22. A method of monitoring a telecommunications network comprising
detecting the presence of interference by a method according to any of claims 13
to 21, and determining, from the delay so measured, the location of the element of

20 the network responsible for causing the interference.

23. A method according to any of claims 13 to 22 in which the two channels
form a two-way communications link, the method being such that the interference
detected on the second channel is an echo of the signal on the first channel.

25
24, An interference detaction syétem substantially as described herein with

reference to the drawings.

29. A method of detecting interference substantially as described herein with

30 reference to the_ drawings.
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first channel,
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nonitori ng Si gnal S travel | i Ng ;0YEkHgRECONH, LanN d .
and conparing the signals for one or nore deié zfcégentl g/)age '

the presence of interference between the channels V\,q@
conprises the identification of cross-correl gt Apns

5 perlods t

SG
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carried by the first and second channels, characterised by the further

st eps of

first channel,
characteristics, and identifying cross-

1. S@r‘nﬁﬁﬂeﬁé@br&@%ﬁé@tﬁnogbﬁérﬂnﬂr ?t}@fé'cggmﬁm&trons fink . having

correl ati ons betweeén ch

characteristic %Pgﬁéﬂ f's%mswoad(thamls|tgmah(stenacomedsmg farstbry\omttmngeﬁémd
channel, thegs s havin or r espondi,.ng to
the duration’ 019 L'teﬁ%%ﬂr&hg%ﬁr}ﬁ?%gavgéﬂ% 3‘(:%'&#‘?5’%’ anne second momtormg means

10

15

20

25

30

for monitoring signals travelling over the  second channel and comprising
comparison means for ccmparing the signals monitored by the first and se-éond
monitoring means for one or more delay periods to identify the presence of
interference between the channels, wherein the comparison means is arranged to
identify cross-correlations between the signals monitored by the first and second

monitoring means, characterised in that the first monitoring means includes means

detecting signals having predeterm ned characteristics on the

for detecting and selecting signal segments on the first channel having -

predetermined characteristics and the comparison means is arranged to identify

cross-correlations between such characteristic signal segments and the slgnals-

monitored by the second monitoring means, the selected signal segments having

lengths corresponding to the duration of the predetermined characteristic.

2. A system according to claim 1 wherein the selection means is arranged to

select parts of the signal.hé(/ing the identified characteristics having a duration

greater than a predetermined minimum.

3, A system according to any preceding claim, wherein the comparison

means comprises a plurality of cross-correlation means, each cross-correlation

means performing a cross-correlation for a different delay period, and delay

measurement means for determining, from the outputs of the cross-carrelation

means, the magnitude of the delay in the interference signal.

4. A system accerding to claim 3, including means for determining & rolling
average from a predetermined number of measurements from the delay
measurement means differing from each other by values less than a predetermined

value.
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15 13. A nethod according. ein the segrrents sel ected
are of | duration greater t han| mlﬂ mnm Im “Im ni mum 14. A
net hod according to any of clains *12¢ort 13. wherein the cross- 20

;correlations are performed for a pl ural [ ty qk del ay periods, to determ ne
'the magni tude of the del ay. met hod according to of claim
14, wherein a rolling average of the determ ned del ay is recorded, the
: average being calculated froma predeternined 25 nunber of del ay

“measur ement s dlfferl ng from each other by less than a pr edet er mi ned
val ue. - Figa ae%ém e any paesedis elpim.nigcludinge sBechitirection

t he channel t Oggﬁm'"atw}"‘&?‘ ;s’hp P‘lést Eg#vpgﬁ?rﬁﬁ%gz'ogxn%hnchschg t!f1' ed

by nonitoring channe redet er mne
characteristi ci;qnmatise@hemﬂmqilsmamvwglmb monitotddadhzedctetigtids @ag@st - segnent s
havi ng the péedet erm ned characteristics occur.
6. A system according to any preceding claim, in associa.tion with an echo
loss calculation device, including means for generating an echo delay sighal in
response to the identif:cation of a.cross-correlation for 2 given delay pe'riod, and
means for transmitting the echo delay signal to the echo loss calculation device.
10 _
7. A system according to any preceding clalm, including means for

introducing a cancellation signal into the second channel.

8. A network management system including one or more means for

15 introducing a cancellation signal into a8 channel on which interference is detected,
a plurality of interference detection systems according to any of claims 1 to 7 each
associated with a respective pair of channels, and means for selecting the channel
with which the canceliation means is associated in response to interference
detected on the channel by the respective detection means.

20 _ _
9.0 A network management system including an interference detection system

according to any of claims 1 to7., comprising means for identifying, from the delay

measured by the system, the network elements responsible for the interference.

25 10. A communications system having a plurality of communication channels,
and an interference detection system according to any of claims 1 to 7, the first
and second moniforing mezns of the Interference detection system being arranged

to monitor one or more pairs of the communication channels.

30 1ll. A communications system according to claim 10 wherein the pair or pairs
of channels each comprise 2 two-way communications link, the system being

arranged to detect echo.
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A met hod of interference-cancell at'i ofi cbnptising detecting interference by
5 the nethod of any of clainsl2 to 17, and adding to the second channel a

si gnal conplementary to the signal det ed€ed on the first channel and
havi ng the sane delay and attenuation as the interference signal
detect ed. 12. A method of detecting interference between channels on a

telecommunications link having first and second channels, the method comprising

the steps of monitoring signals travelling over a first channel, monitoring signals
travelling over a second channel, and comparing the signals for one or more delay
5 periods to identify the presence of interference.between the channels wherein the
method comprises the icentification of cross-correlations between the signals
carried by the first and second channels, characterised by the further steps of
detecting signals having' rredetermined characteristics on the first channel,
selecting segments cf signals having said characteristics, and identifying cross-
10 correlations' between such characteristic signal segments and the signals carried
by the second channel, the selected signal segments having. lengths corresponding

to the duration of the predetermined characteristic.

16
13. A method according 10 claim 12, wherein tﬁe segments selected are of

duration greater than a predetermined minimum.

14, A method according to any of claims 12 or 13, wherein the cross-
20 correlations are performed for a plurality of delay periods, to determine the

magnitude of the delay.

15 A method according to of claim 14, wherein a rolling average of the
determined delay is recorded, the average being calculated from a predetermined
25 number of delay measurements differing from each other by less than a

predetermined value.

16. A method according to any of claims 12't015, wherein the.channel to be
monitored for the initial speech signal is identified by monitoring both channels for
30 signals having the predetermined characteristics, and determining on which

channel the longest segments having the predetermined characteristics occur.
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/19.°" A met hod of interference ' \ tel ecommuni cations. system
10 conprising a plurality. of 4mng%||!m|wu&!€rlsmgmm toring .each
Yy en

channel pair for | interference of any of clains 12 to 18
and sel ecting one or nore - channel pairs having the strongest

I nterf.erence signals, and applying to the second channel of .the or each
~such pair a signal conplenentary to the 'signal detected on the first
channel and having the same delay and attenuggion as the interference 1 5
si gnal det ect ed. 20. A nethod of nonitoring a tel ecommunications
net wor k conpri sing detecting the presence of interference by a method

according to an¥7ef ohanethbod2f measuring adko rathl lasst i wihinhneghofdetan is idstetminay
SO neasured, tm%ck%@]k@&eo&'e{%g og'fﬁV‘é&imQ‘lz%Q 1ghe network responsible for
er ence. .

causing the inter met hod according to any of clains
12 to 20 in which the two channel s forma two-way conmuni cations |ink,
the nmet hod being,.such that the interference ! he second

¢ . det ect eéi on. the
channel is an edfe of”PRENE] ghinterdiengsecanceliatioppampsising detecting intererence by

5 the method of any of claims12 to 17, and adding to the second channel g signal
complementary to the signal detected on the first channel and having the same

delay and attenuation as the interference signal detacted.

19. A method of interierence cancellation in a telecommunications system
| 10 comprising’a plurality of channel pairs comprising monitoring each channel pair for
interference by the method of any of claims 12 ‘to 18 and selecting one or more
channel pairs having the strongest interference signals, and applying to the second
channel of the or each such pair a signal complementary to the signal detected on
the first channel and having the same delay and attenuation as the interference

16 signal detected.

20. A method of monitoring a telecommunications network comprising
detecting the presence of interference by a method according to any of claims 12
to 19 and determining, from the delay so measured, the location of the element of
20 the network responsible for causing the interference.
_ ;o
21. A method according to any of claims 12to 20 in which the two channels
form a two-way communications Iihk, the method being such that the interference

detected on the second channel is an echo of the signal on the first channel.
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(57) Abstract

An echo detection system comprises data stores (8, 18) for storing signals from up and down channels (S, 15) respectively. The
signals undergo pre-processing (9, 19) to identify signals forms characteristic of speech and instruct the measurement unit (10) to carry out
comparison using cross-correlation techniques between the signals stored in stores (8, 18) only when such characteristics are detected.. This
reduces the processing power required and raises the accuracy of the correlations. Paraliel processing techniques aliow echoes with longer
delay periods to be detected. The results of the measurement may be used to generate an echo-cancellation signal (units 7, 17).




