2261801 "PCM MONI TOR" Technical Field The present invention relates to a -
nmet hod and apparatus for acquiring and anal ysing PCM data in a

comuni cations system Background Art In a conplex conmuni C?&L&Q'
envi ronnment invol ving thousands of teI'ephone circuits, it i t hat

on- going nonitoring and quality analysis be perforned.. This is
particularly the case in the field of pul se code nodul ati on, or PCM I n
PCM a signal is encoded as a streamof digits, which are transmtted as
digital pulses. Individual voice circuits are multiplexed to forma PCM
stream However, there are as yet few instrunents avail able for€
nonitoring traffic contained in PCM streans. Such instrunents as are

avail abl e ar é'%d@ﬂ%'fy hardwar e based and inflexible in the range of
functions wh idEdaraieedform One class of devices nmerely sanples PCM
channel s sequentially _to provide estimtes of vqice and data_traffjc.

O her devices requi re*®i RESRANE &ﬁwcﬁ“tt%ém 5933‘ es Eﬁer%b?‘eﬂ:&\‘ﬁ sARg
syst em capaciapparathsio furt ecmiringaland f @nalyepingy RiMnaaka THeveai s
accordi ngly %m{%{tﬁ)géeﬁg{:ngw nonitoring systemwhich can performa

wi de variety of nmorirtoring a anal ytical functions, and is capable of
bei ng reconf BRAARIrQWndRYEf ut ure needs in this area. Disclosure of
Invention One aspect g &heoRplesiciniMaiicaridres aérvitonmentt iadodkving

analyzing POYCIEandS 25k B81e500Re’ ¥ittuid, ¢ °fL"8ELLA0: 2 PhraRe of
: going monitoring and quality analysis be performed. This
is particularly the case in the field of pulse™ code
modulation, or PCM. In PCM, a signal is encoded as a
stream of digits, which are transmitted as digital pulses.
Individual voice circuits are multiplexed to form a PCM
stream. However, there are as yet few instruments
available for monitoring traffic contained in PCM streams.
Such instruments as are available are predominantly
hardware based and inflexible in the range of functions
which they can perform. '
One class of devices merely samples PCM channels

sequentially to provide estimates of voice and data

traffic. Other devices require introduction of test
signals, thereby utilising system capacity, and do not “
examine real life telephony signals. . ' : (

There is accordingly a need for a flexible PCM
monitoring system which can perform- a wide variety of
monitoring and analytical functions, and is capable of
being reconfigured to meet future needs in this area.
Disclosure of Invention _

One aspect of the present invention relates to a
method of analyzing PCM communications, comprising:

(a) extracting a PCM sample of PCM data of
predetermined duration from a selected circuit;

(b) processing said sample to produce a non-
compressed corresponding data sample;

(c) storing said data sample in memory;



predeterm ned duration froma-selected circuit; {b). ".processing-said

sanpl e to produce a non- conpressed correspondi ng data sanple; (c)

storing said data sanple in nmenory; (d) perform ng a processing
operation on said stored data sanple; and (e) producing a signal ) ,

I ndicative of at | east one paraneter associated with said PCM sanple. In
anot her aspect, the invention provides a nethod of anal yzi ng PCM

comuni cations, conprising: (i) extracting a first PCM sanpl e of PCM data
of predeterm ned duration froma sel ected cuit; (ii) processi ng said
sanplesto produce a non- conpressed corresponding data sanple; (iii)
storing said data sanpl® i n meepferming)a nmcfeﬁsmnm Qpprateenl o said

operation on gdd¥ed Fah CHmpT MR (V) det ermi ni ng ‘whet her the
selected circuit is c?{ryl ngg |ce traffic; gvi, a if the circuit is

carrying voice traffid®ext dng a-signa écaripe\rfaet beast one
predet er ni ned panraateiter fasmocistbd ar etk eshid reoM tsampyié) processing said

(Vi 11)storing said sealndheiie HBERE, CieLmAIR ol basrRlts [ e SRR ©
processi ng op@faﬂmimrmlm&tmmmm#mm acmpis:;.ngnd (x) producing
a si gnal i ndi cative of¢ijhe RLASSNRASHRY AhSEAGE f&ueé‘g]‘qbfgl f e d&l‘:‘a\tof
predetermlned duration from a selected cJ.rcuit'
(11) process1ng saJ.d sample to produce a non-
compressed correspondlng data sample; _ '
N - (111) storing said data sample in memory, =
(iv) performlng a process1ng operatlon on said
) stored data sample; '

(v) determlnlng whether the selected c1rcu1t is
carrylng v01ce traffic; _

(vi) if the’ c1rcu1t is carry:l.ng voice trafflc,
extractlng a second sample of PCM data’ of predetermlned
duration from said selected circuit; _

(vii) processing said second. sample to prodtice. a
non-compreSsed corresponding second data sample;

(v111)stor1ng said second data sample in memory,

(1x) performing a process1ng operatlon on said
-stored second data sample; and

(x)_ produclng a signal 1nd1cat1ve of the presence

or absence of echo on said circuit.

According to 'a further aspect, the present
invention comprises " apparatus for anelyzihq PCM
communications, comprising in combination: | '

' (a) interfacing means for connectlng to at least
- one PCM stream and allowing selection of any circuit within
sald PCM stream; '



According to a further- "'aspé'ct-',"- t'he present -i nvention conpri ses

appar atwie 92/12152 anal yzi ng PCM conmmuni cat'i ons, conpri si nBCT/AAU92/00265

conbi nati on: (a) i nterfacing nmeans for gonnecting to at | east one PCM
stream and al | owi ng sel ection of any ci ré&t W|th| n sai d. PCM st ream
92/ 22152 '

(b) sarrpl i ng means for extracti ng a PCM sa
from sai d CI r(dw t; Sdmllngmmmrrgdmafﬁmﬂtﬂ%&ﬂ!%loh@"%d%ﬁ“'@ﬁﬂtﬁiﬂ@@@%d
gﬁgﬁlﬁmdl ng.to said PCMsanple;. 5. ~ (d) menory nmeans-

dat a sa

for storl ng sal

at’a sanpl e; and (e) further processing means for

N
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nmpl e .of predet erni ned duration

per f or m ng a (@t 'a processing nmeaper fari Srodusingaial meo'sarﬁersedaﬁataprs@m!eng a

si gnal
sanpl e.

f e paraneter associated with said PCM
g@&:ﬁg@ﬂsaﬁfpbﬁlas%?n&é‘

cription

Dr'awi ngs 10 - . ‘Further advantages Wil |

be

appar®ent fron(ld)he mmmmepneé@cﬁtnrputsﬂﬁ data sample; aad r ati've enbodi nent with
reference to r}d)e %ﬂl% %lnq"fiﬁé‘dhs fot Hffé‘mi’ind & aath'pisé‘es%ﬁnlae&@értaﬁbrﬂbﬂgram :

of the overal

arr ange

vi sual campuatpssammeandlpredmne:a isignat indigativesphet lpastions Parampla pssociated -
Ci rcunst ances PEW] g Descr.i ption The qualitynonitor “according to the-
rnvention IS referably hosted by .a PC;- such as an | BM conpati bl e

present.

PC (AT tBref . Descelpdion] pé Hrpwdogst ed that the exact processor used to

|nven lon; and Figures 2 to 7 illustrate

| mpl ggrent theFurtW&”#ﬁ%ht%@es’&iﬁom t | St td WNdWing gestFipfisn th hhe 20

present

I nvention present -1 nvention ‘whi'ch ‘wi |

descri bethstratrde:temtlodmnt with reference to the drawmgs in which

15

Frgure 1 rs a block schematlc dlagram of the overall arrangemenf"of the

rnvention and

| Figures 2 to 7. |llustrate vrsual dlspiays of samples of crrcuut waveforms in
various .circumstances. . .
Detailed Descriptlon . S T
The quality monitor according o the present mventron is. preferably hosted by a

~

3 PC such -as an IBM compatibie PC (AT type) It should be’ apprec:ated that the exact |
processor used to. implement the rnventlon is by no means a Irmitatron on the scope of the

20

B It can’ detect, measure, and report on echo and other transmrssion rmpairments such as'-'
) excessive srgnal levels. PCM cod'ng errors, and codec Ievel saturation " can also help in

25

30.

35

present- invention

_ ~ The embodiment of the present invention which will be descnbed in detail can |
"monrtor 8 PCM. streams (both transn'ut and recelve paths) wrth up to 248 PCM circuits:

the mvestigatlon of more- obscure deiects such as incomplete echo cancellation due to

drstomon oi the echo signal The mventive devrce wrll also provrde reports on traffic
classufications such as Vorce, Data and Other (rdle AIS etc)

“The present invention allows for non-mtrusrve measurement of lrve telephone

trafilc .80 as to. provrde objectrve measurements of call qualrty Importantly. the

inventive device operates such that the measurements are indicative of call quahty as

experienced by users of the communications network.

The effective acduisition of data and analysis of the data without perturbing the
- communications network are important aspects of the invention.

Referring to Figure 1, sample data is acquired from PCM streams 30 via a 4-



nonitor 8 PCM'streans.(both t+.ansnmit and-receive paths) with up to 248 PCM
circuits..:It can detect, neasure, and report on echo and other -transm ssion
i mpai rments such as excessive signal |evels, PCMcoding errors, and codec

| evel saturation. It can also 'help in 25 the investigation of nore obscure
defects such as inconplete echo cancellation due to distortion of the-echo
signal. The inventive device will also provige reports on traffic
classificatiaqns.such as Voice, Data and O (idle AIS etc). The present

i nventd on_ al lows for non-intrusive neasurenent of live tel ephone traffic

so aswto provide objective neasurenments of call quality. Inportantly, the
30 inVentivewgﬁﬁi&BtGE@P&Fe§9sGehapﬁﬁﬂsﬂﬁé°ﬂb&§gPéﬁe %9 aggiﬁhmqgﬂﬁnﬁﬁcﬁ

call quality BrReespepscoged by users of the communi cati ons network. The
effective acquisition,f data_and anal ysi,s 0 e data w thout, perturbing

t he communi cati ons ne't(\hgr k arﬁe?ﬁﬁgﬂ’gntt}é%p%ég Srrean 'imtfﬂ’r‘gh‘?g 3§9‘e
Referring to €igoudtltoshepenadysad;s acquired from PCM streans 30 via a 4-
wire interface 19 to | SLL4 s ' j t ar (1)
selecting the PCM st rgg%ycoﬁéggﬁﬁr{g %‘geglrréﬁgfét% ge rg%e;%g&%c(%%% ‘EJCM

sel ecting t heStreani tonwbenpnaldysedd| ect ed PCM streamto be anal ysed; (iii)

sanpling PCM data for (aiRyedRinfTimededi "aksr it ( Oprédcterhtnddl tished 0
seconds) fromthe gselected circuit _and,storing it in the PC penory 14; and
(iv) convertiﬂﬁrfﬂa §?8Fegnﬁ§PE°FranBPéﬂl80Pn§?°?8d§)ngﬁpPoﬁggé§§é&°FGFnat
(sanpl e dat a)csncuabl anflostardngsit iy the @dCamemoryonid;orandlhe i nterface
wth the PCM stream | igzef8§ﬂ?%¥tihg @8@%&%&%% 'izcrf%o@%attfto
mnimze the intrusiveness o e operatron. ring step (iir), & he
sampl es occurdinRpoSArPressed format (sample data) suitable for ahalysis
by the quality monitor.- S

The interface with the PCM stream is preferably via
high impedance probes, so as to minimize the intrusiveness
of the operation. '

-~ During step (iii), all the samples occurring over
. the sample period, in both directions of the connection,
are stored in memory . _ .

Step (iv) is preferably performed by means of a
look-up. table. . In CCITT G.711 standard PCM, each
compressed format 8-bit value has a non-compréssed.lz-bit.
equivalent. The conversion may be performed by referring
to the memory location referenced by the compressédlformat

~ and extracting the corresponding non-compressed 12-bit

. value. ' o o '
: The sample data may be dealt within a variety of
ways as required. An important advantage of the present
invention is that the data once extracted for each sample
period is stored and may be reviewed or processed at
leisure. The exact reasons for sampling or monitoring need
not be apparent when the sample is monitored - any desired
analysis may be performed as and when required. Moreover,
analyses may be performed which are difficult or impossible
in real time, for example, echo estimation, noise
measurements, peak'and average signal levels, PCM coding



~.the ‘'sanpl e -peried, in both directions of the connection, are stored in
menory Step (iv) is preferably perfornmed by neans of a |ook-up table. ~ In
CaOTT G 711 standard PCM each conpressed fornmat 8-bit value has a

non- conpressed 12-bit equival ent. The conversion may be perfornmed by
referring to the menory 1ocation referenced by the conpressed format and
extracting the correspondi ng non-conpressed 12-bit value. The sanpl e data

. may be dealt within a variety of-ways as E§qU|red An i nportant advant age
.of .t he present invention is that the data™once extracted for each sanple.
period is stored and may be revi ewed or Erocessed at Ielsure The exac \A

reasons for SaFBFAKEOBr apEnPEY; FRGIRGBrFSYShe THHANALYHES ihEaint
nonitored - a@¥ dﬁﬁlwél gsgbyass. naythanaper f diredtdy astbréﬂenfbeqma'tmr _
Mor eover, anal yses nmay .be perf c f [ S I n-
real tine, fBEVERYmpM m@cﬁ‘}?nb"ﬁ %\A@r ﬁgégrég%eégﬁgkﬁe%fa g l-@&% 2% 3;:!-
aver age si gndiispdagkesd, oRCkheo¥Diy scr@nsée’tlulaéftﬁe(;h meﬁ@wng)chmgh@mkms
Thi s anal ysi §oha162Rki.ed out by the: DSPU 15.. It may directly stored for

| ater review, uSing- nennrg 18 or _external nenp deV|ceF 22, or dis iﬁégyed'_
on the VDU screen 21088t Pt pidtesEiRgthORATIFLRNSH MiYiSh 318 oaengT

first operatpapgovhieah aﬁrﬁaqerahthe&eréampmdnduroﬁg mmﬁimmrlngnpisngUmr
Whethor ve ndsteEpiben cBe Gxps af Ryl i MRAIE ST J1d " dndtner
we have: speech or data or no act1v1tyr This . is- done by -
-.quantlfying the. way the activ1ty level is changlng in the
captured sample. - - Data type act1v1ty tends to be very . u
| constant in its act1v1ty pattern th.le speech activity =
_tends to be variable. e _
_ The actual’ values in a: sample are also examlned."
If all samples in a sample period had only one. value (i.e.
--..a constant .signal) - -then we conclude that the circuit was:-.'-
either STATIC/DLE or. AIS. Whlch is. the case depends -on the’
- value itself. Also the range oi,values in a sample is -
examined...The,analysls of the,values in a given range .

Yields SuCh..... - oo ._.'n .- . e @ .0'0 LR 2N 00 _.,.:0.0 LR ¢ e e -- o -o * e o.o-c'_c



guantifyi-ng the way the activity level is- changing in the captured

sanpl e. Data type activity tends to be very constant in its activity
pattern while speech activity tends to be variable. The actual values in a
sanple are also examned. If all sanples in a sanple period had only one
value (i.e. a constant signal) ‘then we conclude that the circuit was either
STATIC/ DLE or AIS. Wiich is the case depends on the value itself. Al so
the range of values in a sanple is. exam ned. 6The anal ysis of the val ues
in a given range ytelds such............... e
inforgation as the presence of |evel saturation and/or the presence of

codi ng err or s infformakign @s dthe (presgnces of skevek saturagdion andiortthe

video contr ol lgpedtindd'of codinyidrF@ssi nto "bit- node" and the captured
sanple is "bit{-mpped’_onto t.he" screen, as is well understood by those

skifled in the art. Pdki®eddGRIaynPYstheGaRidined saUPLG: 18, FRARIREe
echo d;al a'é andhay Jr?neldfai.dedhto}y&dﬁl? 61!98&1? Jﬂlﬁmmwﬂcl’ﬂmi'ﬁmi'ﬁbfﬁ-and
quantified usi the_l a [ _ enldlvent | wlThis s
performed by c’:‘{rb(;ﬁses-cgir’lriel aélo‘hgggﬁ?ggate |1ér)1ari§ an%{gl/errﬂjagﬁé,ldgng’lnt%ﬁe pll?re
del ay and ref lsoneain @refis Wakk undenstopd oy thnse skikled ninl thejart.

t echni que can t her ef orga S Ve hd D HRLTy P08 N MBAr 1580 EFr f8d S to

Further, when this data and the_known |r_cui% a the tjnme data are
conpared with e, echa; dedayo %’%é_ | BRgRLERG.? on %?\JcFY%uPifng’,t lepst
source of echqaosm hes | et ebeanddeattifiedll. and hiquarst Bf ied v woiwdg f uthé ool

for locating "irlciueéﬂzrg'ﬂaa& ie%o%i%ﬂn%f ®he invention. This is performed
(P2 by cross-correlation to locate signals and images, and the
' - time delay and reflection coefficient can then be readily
determined. This technique can therefore passively monitor
both near and far end echo. Further, when this data and
* the known circuit and the time data are compared with TCDP
" - data relating to call destination and routing;:-the ‘source
of echo can be located and rectified. This is a very
powerful tool for locating and eliminating problems in
local and remote networks. : ' B

The algorithm that detects and quantifies echo is
a two stage process. The first process consists of a
cross-correlation (done in the frequency domain) to detect
and "roughly"” gquantify an echo. The second process
consists either of cross-correlation in time or an
adaptive-filter type process (least-mean-squares), both
evaluated over the delay reported by the first process. The
purpose of the second process is to precisely quantify the
echo.

Further, as the monitor is adapted to be left on a
peoll, monitor and store basis connected to a set of PCM
streams, the data may be accumulated for later attention to
abnormalities.

Similarly, the monitor can monitor noise on a long
term basis and highlight unsuspected or unlocated problems.
Trials of the system have located problems associated with



1 ocal and renote networks. The al gorithmthat detects and quantifies echo
is a two stage process. The first process conS|sts of a cross-correlation
(done in the frequency domain) to detect and "roughly" quantify an echo.
The second process consists either of cross-correlation in tine or an
adaptive-filter type process (least-nean-squares), both eval uated over t he
delay reported by the first process. The purpose of the second process is
to precisely quantify -the echo. Further, Z?he moni't'or i s adapted to be

lTeft on a poll, m)nltor and store basis con ected to a set of PCM streams
the data may be ac rrul ated for-later attention to abnormalities.
Similarly, tRe3%p ing, FEALNG: eFEPTE 0ANG harmopic Abstestien ‘ﬁh@%@l ght

unsglspect ed existemeai eﬁba[sr obh:gvanlu&uyal fhoef g’ﬁEp&yktbﬁm haV@héﬁCﬁf@dent

probl ems ass cl i ppi codi err a ar noni ¢

di stortion wﬁ‘g'k’%kg%og g%ec\ﬁg’%%é'r evPT uglq%cr?é’t sﬁ%pe%? ioca%‘}é‘gpr%g 3k

i nvention i swbdshhwoudad éntbstegpngndeueredIwmgheexnstlnglwnpanatdseother _

go undet ect e@thEh axgébva Xappgﬁgausbgr MG _%gsc%\ﬁ{ey gguég?gﬁgexéﬁ mel y
w T appr eci ate

ti me consum n bour- tensi ve |t

noni t or model °b‘|5'erh{¢3ﬁs’-¥8npl edtareibndey F?Pﬁnga‘FSﬁ s*él@%ng-lhsthe -
necessary tomestitoet ndde ref Ubpetatibbn, asdmples. debebe(ixeﬁlll‘ 'HdBd for

Sircams not “Hoserd S PeasbiEly $h 'e%éafi‘aacﬁﬁo %”re%sgbfab' et aa%Y o ee%’fw

gr eat ' deleted

: a further advantage of the present 1nvent10n isl :
_that it enables ~display - of the: PCM E sf—r_eam_s, .not _merely : U
- statistics. This has proved 'e':‘ép‘erime'ntally' to be of great
) assistance in locatlng and recognis1ng problems ‘and- is not
.prov:.ded 1n ex:LstJ.ng systens. _ _ _ s _
: ,_F_i_g_ure_ 2 111ustrates a. typ1ca1 nermal . speech
- traris_mi_Ss_’i;_,bn with no. echo ‘evident. - ' |



*assistance in locating and recogni sing problens and is not provided in-

exi stinyve9P24122m82 Figure 2 illustrates _a. typical normalPCIHAE®2/00265
transm ssionwith no echo evident WO 9 2152

PCT/ AU92/ 00265 Figure 3, however, shows a~display where the presence of
far-end echo is apparent. The RX signal is a delayed and attenuated replica
of the transmtted signal. The RX signal is anplified to nmake the trace

nmor e | egifiguee 3 Aowener,rhows ndisplay, where therpresance of fanendeobe i® apparenth cThec ho
I's del ay t CEHd | I t hixfai
nearg ndﬁg(cﬁén@q?%ed%aﬁra enda%df%hgﬁhe'eé%dr?séﬁq?tg |tﬁ‘5\§'ﬁitég slr@{éf r@r%s'ran?t tém echo
back TO emplified: te faaker thentracqe anerei legibles As the horizondd| axjs irgpregents aboul 5

I T 1
P Toerl! 6GondEl il SEHeY feolayel Byl andfi sbtohls) FRiRE Bouihcife AR exfHg®
4032. 5nhagarend egfiec- Hiegear endmfthe transmitlingolinkaisdransmitting aekp backdia thedar it
'clips ofhd of e thd ﬁts%no"?ﬂf?i\(eﬁé"ﬁelﬁﬁiéJ ?gta' &?ﬁnw r-ﬁé&h%fanewen the PCM

signal is converte ack to ana rmin e recelving end, it wll

l ook as if it&GIERkReraGe? Yeslates MasRCMican hardle signal |l whicts whest gnal
exhi bi t i ggad 1R48! octdsoRd wiheogz blt ufifs? -4 0% Whellgn él@%&nélbﬁﬂs TahoRF used.

to detect codec saturation and excessive report maxIi mum and

aver age thisdevel fase ipputHintohs IPGMngwlqr it Aelips cafBithe le\rehe@bozs the saturatiore|

Meas Yie M shofd, Wit %rf iHehP&M E\ﬁnéluié r'i@f'bé rio”éha%ggﬁeﬁﬁn t?ﬁ?ﬁé’?é'ceﬁl?ﬂd” ation
My cause perceptl arnonrc an ernD ul at1on stortion to

conver saghdnit williookoas if, itse pealsss have bearelchppm}yoit.aaeureps_olﬂltmrstesm signal

equt DTN byidfing el blfiatoh bl BRGNS Bah!'S THR' hédtioh YA b 'Us8d 18 baeeh®

capeel lers, n-excessive ec errors occur when
an anal ogedecssajuration andrvaxchasawarlq)lelst, agd repartytheonaximembaid awagnslevelatfon s not
coded co _ _ , mat the transmtting end. Wien this
occurs Clﬁé@g‘hné'?‘?mg@g#p?gﬁﬁyf"Rﬁgear "holl ow , distorted speech, and data
traf flisc may béevelr mepswementy are vital | inidhe a;uahtytmenitnrmpl procass decavsel wi t h

such o1 GhiaRiC AP ddiSel BURIPILR WRRROAE HRECHiSmBMIAIONP iSR!0
conversations. Moreover, excessive levels may cause problems to data equipment and
are likely to jeopardise the correct functioning of echo cancellers, resulting in
excessive echo.
20 Coding errors occur when an analogue signal is within amplitude range of the
PCM scheme, but is not coded correctly from analogue form at the transmitting end.
When this occurs customers are likely to hear ‘hollow', distorted speech, and data
traffic may be corrupted. Figure 6 illustrates the display associated with such errors.
W, Because the inventive monitor detects and displays coding errors, corrective action can
25 be initiated early.

' Figure 7 illustrates the display associated with data traffic on both transmit
and receive paths. Preferably, the monitor is arranged such that an initial sampling
for about 1 second occurs, after which the sample is processed to determine whether
the circuit is carrying voice or non voice traffic. If the sample is non voice, no further

30 sample is required. If , however, the sample is a voice signal a further about 4 second
sample is required to allow for echo detection. .

It will be understood thét overall control of the monitor is preferably
undertaken by control software 12, via an operator interface 11 and suitable input
means such as a keyboard 20. .

35 The monitor acoordmg to the present invention may be remotely accessed and



25 be initiated early. Figure 7 illustrates the dlsplay aSSOCIated-MAPh
data traffic on both transmit and receive paths. Preferably, the nonitor is
arranged such that an initial sanpling for about 1 second occurs, after

whi ch the sanple is processed to determ ne whether the circuit is carrying-
voice or non voice traffic. If the sanple is non voice, no further 3 0
sanple is required. If , however, the sanp&® is a voice signal a further
about 4 second sanple is required to allow for echo detection. It will be
under st ood t hat overall ~control of the nonitor -.is preferably. undertaken,by
control software 12, n erator inter

ia an.o f S
such as a ke95§9rﬂ°¥§ 1gaded. Via 3n¥ ﬁBﬁF?Bf a%é%* féftipﬁ oF
i nvention rrayrbetdhsqmmq ddnessed ohds inatartovellowsedor aaas;etsuof abI e

el or ont { BPBIEBERC S Rl RAPLEMR EOEPa siblad 'dindat) Rloifalel 2

noted that tH&b navehsbvnoued|thahayha|snvgetygeddeﬁiqgnmanrahqub%'@gemogue o

connect ons. £t ik oB® AR Und ot Wforidddt s Lhe art that

vari ations an itions are possible within the scope of the invention
descri bed mnthout departing fromthe general inventive concept. WO
92/ 22152 ”;'It 'will be apparent to those skilled EETEHA%H£B265

utable in ags_

o

LS 1 PRV YRR aRBcht RAATERbRTTYE GahetBle OTRID RS pdms, .

sel ected cirofii tthe b)impmiz:M| rd;mxb&thnpﬂ:-&h@ﬁor dapamngonflzonprbls%ed
correspondlngeﬂgggl inventive concept
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’sarrprl e; (c) storing sai.d- dat a --sar_rpr-e in merory; 1 0 - - - (d) performng
a proceswiOn9R/2pEs2ati on on said stored data sanple; and (e) ppTPAUSIB026%

signal indicative of at |east one par ame? associ ated with said PCM

sanple. 2.  The nethod of daim1, whelefn steps .(d) _.aqd e) are
performed a plurality of 1 5 tines in respect of di f'f'eren;t'mﬂ ﬁﬂﬂﬂﬂﬂllﬂ“"l
The method of Caiml or Caim2, further conprising: (f) -ei¥ s
visual indication of said paraneter. 20 4. The nethod of Claimi1,

further cepRiugi ng: (9). _ di spl ayi ng a vi-sual representation of said data
sanplg,, 5-_——§he met hod of Caim1l1, further conprising the step of
sel ecting a desired PCM streamfroma plurality of streans and selecting a

PCMcircujt fr. Ll Sl ality of. such circuits.
6. Th;I1I ‘et hgg?' %P E%Ma.éﬁwg?‘e‘%ﬁ“ﬁdé&g‘%n?@ pl“%'ﬁ#'cat i ve of paraneters
are stdred i'n €Y urexteacting adl?GMrsampie ofiRICMidataret predetesmine datatidn fiom a

pl urali tyse%ct&& rc?ﬂdhfts so as to produce a set of data stored in said menory
representative of se€lected system3 0 statistics. 7. A et hod of

anal ysi ng PCM Ehmupiocessingisaid sampie it proguce 8 nonesimpessaedicoreesponding B4tk

sanpl e ofgjtll data of predeterm ned duration froma selected circuit; 35 .
(ii) processing said sanple to produce a non-conpressed correspondi ng data
11 sanple; (iif9) st storing saididitaisaraple ampleeory; menory; (iv) performing a

proceggi ng opef.af i og i - . sanpl.e; (Vv det er,mi ni ng whet her
t he gg?ect ed c{dra)t:ui Pe@n@rérif}ﬁggs\% %‘%Pgﬁ"i 4(,a'd gtgreh data gé'ﬁ?/'ﬁ) a""rf t he
circuit |s carfeyi ngproduciegta sighaldndieative auftat heépst ohe parametanpssocidted®@ith dat a

of gedetWEﬁ%am&eé}t ion fromsaid selected circuit; -

2. The method of Claim 1, wherein steps (d) and (e) are performed a plurality of
15 times in respect of different parameters. | |

3. The method of Claim 1 or Claim 2,.further comprising:
() displaying a visual indication of said parameter.

20 4. The method of Claim 1, further comprising:
(g)~ displaying.a visual representation of said data sample.

5. The method of Claim 1, further comprising the step of selecting a desired PCM

U stream from a plurality of streams and selecting a PCM circuit from a PCM stream
25 comprising a plurality of such circuits.

6. The method of Claim 1, wherein the signals indicative of parameters are stored

in a further memory means and the method is repeated for a plurality of circuits so as

to produce a set of data stored in said memory representative of selected system
30 statistics.

7. A method of analysing PCM communications, comprising:
(i) extracting a first PCM sample of PCM data of predetermined duration
_ from a selected i:ifcuit: _ .
35 (ii) processing said sample to produce a non-compressed corresponding data



L d
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(vii) -processing said secend sanple to oduce a nqn

correspondl ng second data sanple; (vii |§[ storing sai E@ H! gltl ein
menory; . 10 (ix) performng a processing opera '
second data sanmpl e; and (x) produci ng a signal indi catlve of the presence
or. ab%anqﬂe-of echo on-said circuit. 15 8. Appar atus for  anal ysi ng PCM

comuni cat | og? conprising in conbination: interfacing means for
non-i nt rusi Gy §mﬂcﬁa!%83‘@§3mplﬂé"a§!em PCM st ream and-al | owi ng

| ect f .
oxt ?Sci."ﬂg"é‘%f@ hg albrbleslitrbeatio a6 sERMLoRR MnfRE™ 1O
proceszl gg (wans demsmgmngllmmgerathmseflwed{&mﬂd |sieaa:yxgg{vpioa tram':'espondl ng

ai e.an means f.or -starin i ata. s
fulher probioh! oot B LaByRg voinh Baite BMsASkG. 8 Sason] Hammie bon sai d

data smml &ata i paédsiumﬁadauﬁaﬁan%m %a:dsaélwadqﬁrca&- least one paranmeter =
associated with said PCM s A net hod of -anal ysing PCM.

comuni cat i 6“!;')5@5%@%5“9& a%eqﬁé'ldelsrﬁ%?'@r do @sedygenca mn-nomresme to
t he AGLRR %&?‘w#ﬁ Apparatus - -for - analysing =~ PCM

conmmuni cat nsag stan aﬁréaas her ei nbef or e descrl bed with reference to .
t he acconpafyiii} stbmm sagissecond data sample in memory° g

10 (ix) performmg a prccessmg operatxon on sald stored seoond data sample, B
" (x) producing a-_sidnal indicative of the presené ':o'r:absérise of echo.qn said =
circuit. | ' ~
15 8. Apparatus for analysmg PCM communucatxons, compnsmg m combinauan. .
' : mterfacmg means for non-intrusively connecting to at !east one PCM stream
and allowing selectnon of any circuit within said PCM stream; _
samphng means for extractmg a PCM sample of predetermmsd duration from .'
said circuit; ,
20 * processing means for producing- a nonmmpréss'éd' data sample corresponding
to said PCM sample and memory. means for storing rsaid_da’ﬁésajxﬂx;:l‘a{ and . _
further processing means for pe’rform-i'ng'- a data processing operation on-said
data sample and producing a signal indicative of at ledst one parameter associated with
said PCM sample. = ST B

9. A method of analy51ng PCM communications substantially.
. as heren.nbefore descrlbed w:.th reference to the accompanying
drawings. ' '

10. Apparatus for analysing = PCM conmunications
substantially as hereinbefore descrlbed with reference to the
accompanying draw1ngs. ' '




