Signal I'ing Method and Apparatus FI ELD OF THE | NVENTI ON
The present invention relates to a signalling nethod
wa@e@sesappar atus for carrying it out. BACKGRORANDGBEIN4/004712
Exi sting signalling nmethods used for the return of
i nformati on froma downhol e sensor, for exanple in the
oil and gas extraction industries, rely on the
transm ssion of signals al ong suitabl e conductors.
These conductors nust traverse the entire depth of the
hol e in which the transducer is |ocated. There is
significant cost associated with installing a dowhol e
conductor, and therefore it is desirable to multiplex
t he downhol e sensor signals al ong other conductors
that are also present in the borehole. |I t has
previ ously been proposed to enploy the three-phase
conductors used for electrical supply to downhol e
notors that may be located in the wellbore. It is a
characteristic.of a.ba nﬁgﬁ tBr e}ﬁhgse el ectrica
suppl y t hat af§égrnag]él§%}v%§ ?%h R0 Qfﬁoq 8%4%%ad (such as a
notor), the conductors can then be grounded at a
neutral point. The neutral point will, in the absence
of faults in the three-phase supply, exist at
substantially zero volt, with respect to the
surroundi ng earth or chassis potential. A mrror of
the neutral point can then be-2- constructed above
ground through the use of three inductive | oads, and
in this way a conductive path can be created between
tFAELD e THIE INVENTIGON t he surface and of the downhol e
neutral point with the return signal going through the

IR B Bab IR iR Rt fad FapHiod and '8 Shpbratus for

carrying it out.
BACKGROUND ART

Existing signalling methods used for the return of information from a
downhole sensor, for example in the oil and gas extraction industries, rely on the
transmission of signals along suitable conductors. These conductors must
traverse the entire depth of the hole in which the transducer is located. There is
significant cost associated with installing a downhole conductor, and therefore it
is desirable to multiplex the downhole sensor signals along other conductors that

are also present in the borehole.

It has previously been proposed to employ the three-phase conductors
used for electrical supply to downhole motors that may be located in the
wellbore. It is a characteristic of a balanced three-phase electrical supply that
after passing through the load (such as a motor), the conductors can then be
grounded at a neutral point. The neutral point will, in the absence of faults in
the three-phase supply, exist at substantially zero volt, with respect to the

surrounding earth or chassis potential. A mirror of the neutral point can then be



However, if a fault should occur in the three-phase

supply then the downhol e neutral point would be
wexpaeshsdb o significant voltages. Accordi ngl yPCHGB2004/004712

downhol e i nductor is commonly placed in series wth

the neutral point prior to connection to the

signalling instrunentation._In association with a

downhol e capacitor, a | ow p%n’Ss filter is created that

construcfdd abbhe grfwfrﬁﬁﬁhrflfug]'hﬁ’@lugé G ﬁméaahdngtuvealkbmsand in this
t hat power the downhole notor. Thig induct
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ban th of this tr m ssion path. Typicall'y, qiven
downhdie sasingagws tubing vredhienwelberaonSisng)s mani Rgueeringeound this

requi red which will inpose a m ninmumsettle
condu&yép%?h.t he order of one second. That is, after an

abrupt change in the applied voltage at the downhol e
reowewadr, pioi at famlhesleom\lidl locbwr a'\nptal‘rei dtired-ph@seosupplyekiyen the

e se ond du ich the at the.surfa .
downtila AU W SRS rbPSe £0 sERBES ! VEudihee Mporainaly,
downtdle iRguctee! IsaQ@n‘Jnﬁ‘(dﬁlly pldetng $dries WItl‘Etlﬁ@ewerm@Lpscﬁdt prior to

vol tage at the surface neutral point wll be hi

connegHpn Al thaissignabieigl {NSrUMREtaLRILct Bt 2SRAGAHORI Y B figwnhole
capacﬁ%?t %miov?u?%sgsﬂﬁ-@r A c'?égte%ﬁﬁhbl@ehﬁﬁ%t@@@ Pgréss r(ﬁ‘mthe high

Vel's to code 1 nformation, but these nethods suffe
alternatioghviditiag elsotigt gerweé i tee ﬂOWthkiJB’@cﬁoby Thigeingleter and CaIDaC”-'Or

comblgpggbfnlﬁgplqr&ﬂfo I f’gh%gbgg %ttq/{@ hQﬁErEFPodhe@ Qgﬂéltéaﬂ{] be varied

and heheée et bantwodtty of tiaigerrbesralssidropbih. diTypicaligdgiven the voltages

degradj ng the signal ality if gnalo ncoding ... .
involvggt Ko daisaF@NtRE, &g ringy F%%n&“ﬂ J80UITef A BRGE dy yimpose a
mmm‘ﬂﬁfﬁ %ettfle Eﬁh%%?'th‘é%&@rﬁg Rfi R ausate: ¢h§§ﬁﬁ afRNWBRY-dptEchange

present invention seeks to overcone this
in the| anph@ﬁj |VQH:agﬁja‘prtb@| dewghole neutral point, there will be a perlod of
approximately one second during which the voltage at the surface neutral point
will be unstable before it settles at the new voltage level. During this time the
measured voltage at the surface neutral point will be highly variable as a result

of the inductor.

Known signalling systems such as US-A-5,539,375 use voltage or current
levels to encode information, but these methods suffer from this long settling
time caused by the above mentioned inductors in the signal path. In addition,
electrical interference from the pump power can cause the current or voltage
levels to be disturbed, degrading the signal quality if analogue encoding methods
are used, or degrading the data transmission rate if digital encoding methods are
used.

SUMMARY OF THE INVENTION

The present invention seeks to overcome this limitation and provide a

signalling system that can cope with such an extremely low quality transmission



signalling systemthat can cope with such an extrenely

| ow quality transm ssion-3- path, provide a usable
woaodwugitsh, and substantially mtigate the effecrsBaios/ 004712

electrical interference. It therefore provides an

el ectrical signalling system conprising a nodul ator

arranged to accept informatjon and encode that

information in an alternatitig signal containing

path, f;ﬁ*@&i@beé lUsableg teretViiaith) reghdedgestaritieiyemitidiang el efects of
of the tine between consecutive rising or
eleCt”E%'n‘@ {ieT8ef al | i ng edges, a transmission path for the
signal from nodulator to a denodul ator, where the

de megketcnd @ mﬁaégn%d él@cﬂfﬂaecblgﬂ‘aﬂl@ gBRdtepdlgeomplising a

store a record of the signal around that edge and

modulgitpar@ngeduls arsept waptmation r@w%uwﬂe\m fnfggmation in an
scernf 54 b PEEERIH By 48 0498 A gt R, epeoding
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wherea@&oeembadnlamt s tErearsgahad drélued:mtgwd bigihapetigecandlbicse a record
record may be in the formof a dlg tised ver
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of the{sighal e HhAT SdaBaPd (o8 e RS ORS A P decrignal with

that ré’&fr&j t?iferétg‘)‘f@ geats aElW&s W6E antNetaub s URRé cﬁﬁf&@ke between
differs y mnimally fromthe record (i.e.

like edgssci fic tol erances of error), the system deerrs that a
second |ike edge has occurred. Thus, although the

?Lﬁ,ﬂc? esggg X LAY Hot! BéeRf9Re {ﬁ?’éggg epf@(tlgﬁtofbcﬁe edge. What it

IS system the et ween
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ecord Y S ST TR BB s PO ey

be in tHERrfh R & BRitSdd Gicpsion &f theusignal.sTi€recaidtisaieghpared with
this wll place limts on the avail abl e bandw dth

a SUb%% P%"tc%fp%l'tﬁ sighals i NJ1arechisYaBPe-eigigns! diftérs only

minimally from the record (i.e. within specific tolerances of error), the system
deems that a second like edge has occurred. Thus, although the precise position
of the edge may or may not be detected by this system, the time delay between
respective like edges is precisely detected. This yields the required information.

The transmission path can be imperfect, for example inductive, without
impairing the efficiency of such a system, although this will place limits on the
available bandwidth. The system is capable of sending recognisable signals
along a three-phase electrical supply cable. In general, equipment attached to
the cable will provide noise on top of the intended signal, but the system can
cope with this by (for example) accepting the best correlation between the

previous recorded signal and the current signal pattern.

The invention is particularly applicable to the supply of information from

downhole sensors in the oil and gas extraction industries. These sensors must



along a three-phase electrical supply cable. In
general, equipnent attached to the cable will provide
woais®4e39t op of the intended signal, but the BYTIGEIV04/004712
can cope with this by (for exanple) accepting the best
correl ati on between the previous recorded signal and
the current signal pattern. The invention is
particularly applicable to4he supply of information
transnﬁlﬁ(%%dﬁdmg@véeé‘q@rﬁé tkdhdrhrsRin pattl &reén extriq@esbled optimised
industries. These sensors nust-4- transmt the signals
for supkieal in therepuiresans saherphen, fosidea alestigat sharasteristics.
opti m sed for survival in the environnment rather than
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edgeslt is preferred if the alternating si gnal | evel s are
constant. This ensures that each rising edge IS

identic nd each falli .
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| ti pl'e sources of data can be incl uded consecut|ve

the nbyttr issrareethyg Impraves die a@biityedosegiielte. the e99s B/atterns
the start of the sequence can be determ nded by
accuref:@@ﬁsmttl ng a uni que pattern that will never be
generated by any data set. An internedi ate signal
INwidiple apurtesoobdaigsean be inalidest eongesulivaivt bytrapsmitting in a

uence, a e [ I C QU
prede GRS et 2 5P e Ll Yot B dlersitince o e
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any dg’%(?gé a%n & S Ig’f g@%\%\ﬁl oei{lcg#\ea so nes%%(égrto m%llcate eche start

of a sequence.

The data can be digitally encoded using “bins”, i.e. a specific range of
times that correspond to a specific value of the input information. For example,
a specific output of the transducer could be coded as any signal between 410
and 414 ms. In this case, the system will seek to send a 412 ms signal, and
provided the error rate is less than 2 ms, preferably less than 1 ms, there will be
no uncertainty in the received signal at the surface. The bins can all be of
identical width, or can have a variable width such that the accuracy of the

system is greatest in its usual working parameters.

A double binning arrangement can also be used. For example, if it is
desired to send a value of (for example) 1057, a first signal could indicate that
the information is in a range 1000-1999 and a second signal could specify 57 as
opposed to 56 or 58. By adding the signals together, the intended output of
1057 is obtained. This can provide greater efficiency in the usage of bin sizes.
It can be arranged that a digitised signal(as abdve) shows the coarse level ( eg.
1000, 2000, 3000 etc. ) followed by further signal (analogue or digital) for the



and 414 nms. In this case, the systemw || seek to send
a 412 s signal, and provided the error rate is |ess
woOheos/028438, preferably [ ess than 1 ns, there weCi/dB200304712
uncertainty in the received signal at the surface. The
bins can all be of identical width, or can have a
vari able width such that the accuracy of the systemis
greatest in its usual worki?y paraneters. A double
fine ré?;'o'il&*d’lﬂ ArHiaNGRTBRIofCgread! SéhdFR. USefbr &HAMBKAEHE €noisk” in the
It 1s desired to send”a val ue of (for exanple) 1057,
signal dransrissis yssteBulsdl ngdiast Qﬂ@ Ripe thrtwesnordaes o@ries from 1
r 0 0 spegiqf
secon 12’ 306545 Hecding g, T JrRaGu R thep2Be6+10,000ps)
measuregdetdiee WlﬂhbelenrtoeddeldnowtOptct 16001m57secs>ndbwmdm with 1ms of

IS can provide_greater efficienc e .busag
noise. blq-hlsslv%%@% 19'Ye cgnnB'éealofaﬁ'léeas't’ha%IOX&d} gitrls% Eodtbe level is
transrﬁitﬁﬁtﬁﬁ(s%&lﬁbcé{ﬁmfﬁé‘sotmﬁe t:di@rs@o@rr@e (czeeb, (1069-1999G:tc. ), then a
2000, 3000 etc. foll d] fur her S|$ﬁgl ganal OH h
subsegverfi gnalague cﬁlgm%nse fONY PRI ‘emoﬁ 19R0s P RngeNghce the
overa!gf'\%%te WE0RS bk-1 bEi.for exanple the "noise” in the
I'gnal transm ssion systemis 1ns, and the tine
betvveen edges varies froml second to 2 seconds,
BRIEFPRICRIBTION Ofedbifr RBAWINGS , then a 0- 10, 000psi
measured value will be encoded in a 0 to 1000 s second
%%0%4 d Eﬁstﬁ)% pResSHR: |n$@|'1§ioWilldn8\}th§‘e %le@@h§@d ®y way of
pSI. wev a coarse level Is transmtted
exampliey stitht MErerpm: td tles achempaay g figuegs iNOVbEh;
1000- 1999 etc.), then a subsequent anal ogue signal

0 the overall
Hﬁﬁ‘@r 3 g&ﬁf’g‘%gg d‘fr p@ﬂ&egé%%@”%&@;{;g# SROEY THE DRAW NGS
An enbodi nent of the present invention will now be
degard Detioys ey sighaéxacgiVed frarm khedhsiremmntagonsystem;
acconpanying figures in which; Figure 1 shows a

dI'-ogur }5 or\]/\% fie'g eﬁ‘te%% ans\éscgnegﬁe signal;

Figure 4 illustrates the correlation process; and
Figure 5 shows a start-of-sequence pulse.
DETAILED DESCRIPTION OF THE EMBODIMENTS

Figure 1 shows a downhole motor 2 connected via a downhole 3-phase
power cable 13 to a surface isolated power supply 1. This system is used to

assist the flow of oil up the well.

A downhole instrument, consisting of downhole electronics 7, sensors 12,
capacitor 11, zener diode 10 and downhole inductor 9 is attached to the neutral

point 8 of the downhole motor 2.

Surface electronics 5 are attached to surface neutral point 6 formed by
joining the three surface inductors 3 together to make a neutral point 6. The

surface inductors 3 are electrically connected to the downhole motor cable 13.



Figure 2 shows the signal received fromthe

instrunentation system Figure 3 shows the effect of
woais®4e139t he signal; Figure 4 illustrates thePCT/GB2004/004712

correlation process; and Figure 5 shows a

start-of -sequence pul se. DETAI LED DESCRI PTI ON CF THE

EMBODI MENTS Figure 1 shows a downhol e notor 2

connected via a downhol e 3=fhase power cable 13 t 0 a

HHHRS thé ﬁgwwe@E@roﬁMEW ¥ai -cohinBinfaate & iisd W@ed 9, motor
to assist the flow of oil up the well. A downhole

2, cahbilestd andniurfaeasingurkags of taowieh HEEE RIEFiBANKS 2eAs dtascribed
12, capacitor 11, zener diode 10 and downhol e i nduct or

9 is attached to the neutral point 8 of the downhole

notor 2. Surface electronics 5 are attached to surface

Menat saﬂfap@ieiﬂzcﬁ‘ohmsrrédpmuiﬂei nistgadhaliranteeursent 406) voltage,

. 1in tors 3t her na u t

using gt Ko, e fReS Sngd SnErdSe A HRe b7, S F gptrolied

amounﬁtﬁ%{t@hﬁem@mgﬁé@ﬂ&llﬂﬁweﬁ kmm:ﬁemetﬂﬂ@dsjowhdﬁcair&ount of current
el ectronics can mruni cate vi a | nduct or not or , 2

being dyples Hw £ARLEQIr chée‘Ftﬁﬂﬂ'GFo?s éﬁqr@t{qgec. ghrtalicé;urrent cause a

varlat%lne%r%c&r@erﬁs HER6r ifhee abeveurftie wWédtpesics 5.  Surface
el ectronics 5 provide a steady direct current (DC)

electronits agvoniist BRiswedireRhown met hods and the downhol e
el _ectronl cs 7 sink a controll ed anount of current
Lt%\ﬁlgh Quéilel:’é’rcy}ﬁg riﬁ"‘é"ctﬁ@"ébo‘ilé ?éﬁb%@”m‘nt TOE readings from
curre béi n the control [ ectronics 7.

these \dansaisi thsré n:hgrtlﬁdcbw redentreEos &, avhvigh ithen gndodes ige readings

oy P 81 SR A O e e trdtess.

el ectronics 7 is attached to sensors 12. The readi ngs
f& @ppical current signal received by the surface electronics 5 is shown in

above

figure 2, in which rising edge 21 follows rising edge 20, by time interval 22. The
reading from a first sensor 12 is encoded by varying time interval 22, in the
range 1.5 seconds to 2.5 seconds. A zero signal from sensor 12 is thus encoded
as a 1.5 second interval 22, and a full-scale signal from sensor 12 is encoded as

a 2.5 second interval 22.

In a similar way, falling edge 24 follows falling edge 23 by a time interval
25. Time interval 25 can be used to encode information from a second sensor
12. It is important to choose the time intervals 22 and interval 25 ranges
carefully, so that they allow adequate time for the edges to be recorded prior to

the next edge, for any range of values for the sensors 12.

Figure 3 shows the influence of electrical noise on the received signal.
The signal from the downhole electronics 7 has been degraded by noise picked

up from the power supply 1 and motor 2.

The signal pattern close to the leading edge 20 is shown in pattern 30.

The signal pattern close to the leading edge 21 is shown in pattern 31.



these sensors 12 are digitised by electronics 7, which

then encodes the readings by nodul ating the current,
wohniashn4gsoi n turn sensed by surface el ectroni cBCH/GBR004/004712

typi cal current signal received by the surface

electronics 5 is shown in figure 2, in which rising

edge 21 follows rising edge_20, by tine interval 22.

The reading froma first sedsor 12 is encoded by

Vahyi f@facareledit@iivals 2gitisas thatdraggBo larid SﬂC%ﬂdSatt@mpts to
seconds. A zero signal fromsensor 12 is thus

digftaﬁwédweediraeoaef hems asoRAOWAL ierNarexd. EigHre 4 shows ¢he situation
whensch@rgajpérrrﬁ §%%%rﬂe% Lﬁteee&ﬁeeg @»Ia %l@ctﬁorﬁeggngdﬁts the time

i nterval . In a si m ar way, I ng edge 2
intervigh| 22 H:get@m i3e Byvoa pettesns Mrarg 325uUntt keei besir gerrelation is
c f
obtairf COMUS b EREANE LTI HaRel FRTAGEREL between the
two patﬁeenséiosaﬂé{ FHnat éattek:l@hs@fo mmtgaad%eafmdlttylat@dwé RMS value

th IIowad qu edges to_be recor
of theisi BifesTERS MeRl tBAGUOTISE RAJTF andles Sl ARRUBECRBTS 5 then
adjustdeh& apeaval £2. tdinginifise &h@VF@wSh%lué‘f | epfiebef understood that
el ectrical noise on the received signal. The signal

other suimbiesoH@laiRN Einatiens oAy e ¥seéfhs been degraded by
noi se picked up fromthe power supply 1 and notor 2.

T'F‘?gl?l*eg!?@ho‘i}@st el Eta(f'l: %?% §éhdé?’fc el e@Q@vﬂQoﬁi‘jg%c%n'ic% % uses two

shown 1 n pattern 30. The signal pattern close
discrete slirngnte ye!2 51i and 1hdwn This peaates ndaticat-patterns 3@ acé 31 so

that oj{tﬁ@kph?got‘f‘gel ’ugh Qﬂal'h' B&S &ﬁé\'}eed ?Porﬁ?%ﬁ]n%dgé %nghv\% nle?](t. A start

super npose
sequehicguisendicakegd lluyea|4 isteonedide sirtreat level Bide nm‘dQEmedlate current

evel SYRRI AT SRt lcqla: V1970 57 s NOF used in the

subseé@bh@&%s’i&sgm Sflgamti | the best correlation is
obt ai ned. The correlation function used is to take the

difference between the two patterns 30 and 31 at each )
dPoetefiesd Yfothn abayr sys@m dathat Hie tetsd ting regrined to transmit

a complete record will be variable depending on the signal values. For example,
if all the pressures being sensed are high, then the time intervals by which these
are encoded will all be larger time intervals and the package of pressure

measurements will take longer to transmit.

Whilst this is not a serious technical problem, it will sometimes be
preferable for this to be avoided. One way of doing so is to encode alternate
signals in different senses. Thus, the first signal would be encoded with a longer
time interval corresponding to higher values. A subsequent signal would be
encoded oppositely, i.e. with a longer time interval denoting a lower value. As
the pressures, temperatures etc of sensors located proximate each other are
likely to be similar, a higher local pressure, temperature etc will be encoded as
long periods followed by short periods, etc. Likewise, a low local pressure (etc)
will be encoded as short periods followed by long periods etc (or vice versa). In
this way, the total time required is largely constant.



of these differences at all the digitised points. The
surface electronics 5 then adjusts the interval 22 to
wonmsussot his RVS value. | t will be under st oedTidBano4/004712

ot her suitable correlation functions may be used.

Figure 5 shows the start of a sequence. Downhol e

el ectronics 7 uses two discrete current levels 51 and

52. This creates identica "ﬁatterns 30 and 31 so that

ophi aftannetiveelortelatios Fanbgomahte otk &t ?ﬁ@@ﬁ'@v@ﬁ,@% df&he signal

ext. A start seguence is indicated by an

t he ] .
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_sequence, and is not used in the subsequent
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| : equir a S e
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or comipgnalthe dlrnes at Fdricle spapifie, sigrialaldiudéharptessees bei ng
sensed are high, then the tinme intervals by which

the epcoded will, all . be larger tine interyvals

afnlcd\%ﬁ th ESEE%gggo‘f”m%?r&%ﬁ Ehfﬁe%‘ OV YRIRTUORG MY Bgdnade to the
abovd-degeribéd drmbogimént WitHoske ddpestihg foin @h&&JcbPESof the present
. %echnical problem it will sometinmes be preferable for
INVENtIBNs t o be avoi ded. One way of doing so is to encode
alternate signals in different senses. Thus, the first
signal woul d be encoded with a longer tinme interval
correspondi ng to higher values. A subsequent signa
woul d be encoded oppositely, i.e. with a |onger tine
interval denoting a | ower value. As the pressures,
tenperatures etc of sensors |ocated proxi nate each
other are likely t o be simlar, a higher |oca
pressure, tenperature etc wll be encoded as | ong
periods followed by short periods, etc. Likew se, a
| ow | ocal pressure (etc) will be encoded as short
periods followed by |ong periods etc (or vice versa).
In this way, the total tine required is largely
constant. - 8-



An alternative correlation function is to | ook at
specific values of the signal at certain tines. The

weoeebwsmueddt i ne(s) can be chosen by reference tBCTigB2004/004712
signal value, for exanple the signal crossing one or
nore internedi ate or other values, or signal peaks or
troughs, or the patterns of_ peaks and troughs, or the
like. To reach a correl atib%', the system can conpare
tQeARNMgnal val ues at specific tinmes or conpare the
times at whi ch specifi c signal values are detected. |
t will Iof co rhaﬁ und rst ood that many variations

L. rmy ASkelegHEcq é'q %SV e&%’s%cmegamgﬁbodl nment wit hout
departing fromthe scope of the present invention.-9-
CLAI Msa Imaduletoert airapbedi gmabtdapy $yfstreationompdi giroduce an
: a nodul ator, arranged.to acc iLnformation an . .
or oIS I3 SO T LB SR A B Bgdges In which
ri sitRg ARSkhatibh N &dtaRRd), rth\éhéﬁébdnhg bahgr BRIWEY dfSthe time
encoded, the encoding belng b ma¥ the tinme between
conév@(tweieve:qnusgcwngfswm@re@msw iveIfelling edapss: a

~transm ssion path for the signal fromthe nodul ator to
a denogu : t 0
det ectgt ke sh‘;’ﬁa a?h ﬁ gtﬁglrjgﬁarﬁatrle?g@ ?é?ﬁﬁ%@lé@r to 2
si grEmedwaiat, t hat edge, and to conpare a subsequent
part of the signal with that record thereby to detect
a [ ke

i ke e}ﬁ’ggg&” A ggrtq S atrtgga# bﬂ%n% hﬁa&é\%?@é WGl edge and
acc@tdtren@ treoora:l ajfntl'fb isigrei arhoumie thatt adgej sarich toheompare a
f a di i.sed versio signal., 3. .

el e LPre et Btk 7t Hif SipbeL it Mt fargrE snereppity dgpect a like

cl aigfgd dMd Wet&dt the time difference between like edges.

2. An electrical signalling system according to claim 1 in which the record
is in the form of a digitised version of the signal.

3. An electrical signalling system according to claim 1 or claim 2 in which
the record is compared with a subsequent part of the signal.

4, An electrical signalling system according to claim 3 in which a second
like edge is detected notwithstanding noise-induced differences
between the subsequent signal and the record.

5. An electrical signalling system according to claim 4 in which the error
limit is measured by way of an rms value of the difference in the
signals.

6. An electrical signalling system according to claim 5 in which the rms

value of the difference in the signals is calculated for a range of
possible time difference and the time difference for which the

difference is minimised is selected.
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the record is conpared with a subsequent part of the
signal. 4. An electrical signalling system according
OQoasioag4s» 3 i n which a second |ike edge is det ecT@iB2004/004712
notw t hst andi ng noi se-i nduced di fferences between the
subsequent signal and the record. 5. An electrical

signal ling system accor di nqwgo claim4 in which the

error limt is nmeasured by way of an rnms val ue of the

. di f par eleegidan ﬁ@:ﬁalegrbiemGaccéndi@Igem rhyadneiajridlel pregeding

t S5 in h th
Chaclaime §F GHIEh the ErenEnBHanPatE & dMesT ek for &

range of possible tine difference and the tine

. di ff\ﬁr@@@&ldca@rmgw:hlﬁhg tdyetehfdcoedieg te afiynomé sfdthiespreceding

sel ected. -10- 7. electrical signalling system
acc@ﬁdﬂﬁgntWWCBﬁ?eéﬁ@%ﬂ‘sﬁ‘ﬁé Rﬁtbdédmﬁ‘gctt i ms in which
the transm ssion path is inperfect. 8. An electrical

. Si gRgl él'eEﬂ‘lc%\sztlﬁﬂélﬁﬁﬁoéfﬁtélﬁ écc‘é)réﬁm anen9f ohd&F the preceding

preceding clains in Which the transm ssion path is

i ndaleirnsdn vehichrthel tsansmisalonspafiiaisl 3 HeyesyBbess electrical supply
accg%gll ng t o any one of the preceding clainms in which

t he §hsni ssi on path is a three-phase electrical

supply cable. 10. An electrical signalling system
accandelagtriaal sigzna‘rhugg Bystehd ehcerdéng he etgia@en which the three-

el ectrical . s y cabl e I ds,to do i p

f or PERES a&lS Cgﬁg%lf HAPGr %gg Iggds 8 eﬁé‘&?ﬁg%’al E§bment for
si gagtraknen ordiest ges.ording to any one of the

pr ecedi ng clains in which the denodul ator al so detects

unl i ke edges d t
the(\@b@l@\;g‘éqglasqgnal ES sdyes gn%t ascctorllgmg Erc?a%lyfgne Stthe preceding
claims in which the demodulator also detects unlike edges and then

detects the time difference therebetween.

An electrical signalling system according to any one of the preceding
claims in which the modulator is adapted to include multiple sources of

data consecutively.

An electrical signalling system according to claim 12 in which the
modulator includes (n+1) signals, including n signals of information to

be encoded and a synchronisation signal.

An electrical signalling system according to claim 13 in which the

synchronisation signal takes the form of a unique pulse.

An electrical signalling system according to claim 14, in which the
unique pulse is shorter or longer than the limits of acceptable pulse

size for the encoded data.

An electrical signalling system according to claim 14 in which the
unique pulse is at a different signal level to the signals conveying

encoded information.



12. An electrical signalling systemaccording t o any
one of the preceding clains in which the nodulator is
wadeptoeghsbo i ncl ude nultiple sources of data PCT/GB2004/004712
consecutively. 13. An electrical signalling system
according to claim12 in which the nodul ator includes
(n+l1l) signals, including n gnals of information to
be encoded and a synchroni &Ztl on signal. 14. An
17el eAnréleetricsi grgaddllimy s:yytetmmca:oocdjngiumgamo Qﬂeaiofntme n’:rreceding

vvhlchthesnc ti.on signal t S

i AT dn SR BRE i)  BrEpHaR syt 15 Frp i hfiod of puise
aCCﬂfrﬂésn@oﬁr@sﬁér@d b 14 spleRifleh i/ sluet He rangeus paluge ofSthe input
shorter or longer than the limts of acceptable pul se

si zBfp@PatipB. encoded data. 16. An el ectri cal

signal ling systemaccording t o claim14 in which the

8“”' ArecRittgEall SigRbllRgdislERNe NhcRirgingl td edigimt Q7ti’rhe which the
signal s conveyi ng encoded information.-11- 17.

el etangasa0f walyesiof thg Inptiafaraeatinnipiryof @e@ﬁvabw@t@f

the preceding clains in which the data is encoded such

19t haj,a ef%%ﬁ{:él' Elgﬁ@ﬁgﬁ gilst% ?c_toirmal rélgﬁﬁoi‘?' fn® véhich the

peci fic va ues o e I nput
i nf oamgds ofvallgs oAhhehramtrmMm@lcghare Dﬁga@gblﬁaﬁdth
according to claim17 in which the ranges of val ues of

the n f f
20U pTUbiACH GAENIRY ot ol APBILE e of o Areceaing
whi clairhbeinr whg;QSaotﬁrSVaﬂlgneal widi¢adtes ithputoarsé aemgei ahthe input

cy<rBAHaHBRdTIHY & Serund S JFO RS D B SRR Lp hie mput

i N wWrbeRabiohl rst signal indicates the coarse range of
the i nput

21.  An electrical signalling system according to claim 20 in which the first

signal is encoded according to a different protocol to the second.

22.  An electrical signalling system according to claim 1 in which the record

consists of selected values of the signal at selected times.

23.  An electrical signalling system according to claim 22 in which there are

a plurality of selected times.

24. An electrical signalling system according to claim 22 or claim 23 in
which the at least one selected time is chosen by reference to the

signal value.

25. An electrical signalling system according to claim 24 in which an at
least one selected time is the time at which the signal crosses a value
intermediate the values between which the signal alternates.

26. An electrical signalling system according to any one of the preceding
claims in which the comparison of the signal and the record is by way

of comparing the signal values at specific times.



informati on and a second signal indicates the fine
value of the input information. 21. An electrica

WO ieusausdsmg system according to claim20 i n whPCivGE2604/004712
first signal is encoded according t o a different
protocol to the second. 22. An electrical signalling
system according to cIainLizln whi ch the record
consi sts of sel ected val ues®of the signal at sel ected

27t i n&s.el@&ricAhsighebiing syatesi gmirtinggte pey emeaot dietha @2 to 25

laim22 in which.th I | i f I,
Ci B thi EVRBRFPRRI O i ST kP S < SROR0r a1 B 1Y of
t 0 &drAbANAG tAE tirhad Bt vhitt spbeifb sidital atallenste dotected.
selected tinme is chosen by reference to the signa

value. 25. An electrical signalling system according. .
28{ 0 AnplRrbiral PIgAIENG SYSHM BARBHAINE disebed Racmpergn with

thepdss c%ttomé%&/arta{wéé@@@d rPRSES oRn ¥AHRg figures.

i nternedi ate the val ues between which the signa

alternates. 26. An electrical signalling system

according t o any one of the preceding clains in which

t he conparison of the signal and the record is by way

of conparing the signal values at specific tines.-12-

27. An electrical signalling systemaccording to any

one of clains 22 to 25 in which the conparison of the

signal and the record is by way of conparing the tines

at which specific signal values are detected. 28. An

el ectrical signalling systemsubstantially as

descri bed herein with reference to and/or as

illustrated in the acconpanyi ng figures.



