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N ~~. {57) Abstract: A non-intrusive, fully automated, variable Cable and 1mpedance hased, multiplexed cable testing system is described

that uses Time Domain Reflectometry techniques. The system can process more than one cable type, with varying characteristics,
at any one time during which it confirms and processes both the characteristics of the cable type under test and any discontinuities
encountered during its operational life due to the impedance variations defined and processed. Furthermore, the system provides an
extensive range of Real-Time Diagnostic and Prognostic data together with accurate location and interpretation of any said data and
or discontinuity including, but not limited to, the additional mapping of impedance variations along the length of the cable.
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Detecti on System and Met hod PCT/ GB02/ 02694 Field of the Invention The
present i nvimad bPMe BRAREal |y relates to a method and systemfor fault
detection and 5. characterisation in nmetallic transm ssion cable using

time donai ntiFEferREysREpD generpllyelaies o fdnahpdepdsysisndeh Pt feegtiredd ar e -rel i ed

upon t o L ardhitadd@éRion dyeésilic SakRise K488 BsifY 188d dorhl reffRmetyect roni ¢
apparatus throughout the world. Uses vary fromlinking conputers in a

network to -10 devices within an aeroplane. Cables nay be affected by
their surrguRéBeheRhdMNGLE, Wear and tear and other factors that reduce
their power_or data, signal carrying capabilities. Wilst in sonme cases the

drop in perqaﬁ}eﬁﬁrﬁc?%ﬁed_él&%‘f’ei’éw BV o) Gglasheptoon clsRRA 2w ClgleC suppl y may
not have seygirgud BRAEFHOWSEE A0S, U%@Yfa:?%%ﬁl RikengeWputbS iR fet@&k 11 SSi on
critical", nmeaning that |arge suns of noney, or 1n the nost .
- devices within an aeroplame. Cables may be  affected by their surrounding
environment, wear and tear and other factors that reduce their power or data signal
carrying capabilities. Whilst in some cases the drop in performance, accuracy or the
- Joss of a power or data supply may not have severe repercussions, many uses are now
termed as “mission critical”, meaning that large sums of money, or in the most

15  extreme cases lives, may be lost due to interruption of power and/or data.
It is therefore desirable and in some cases essential to check cables reglilaﬂy.

One type of check for cables and signal paths is an impedance check. When a singlé
20 pulse is Jaunched into an electrical nétwork, it may encounter various changes in cable
i impédancc on its journey. These discontinuities in impedance have the effect of
reflecting a certain amount of the signal Bgck towards the source of the signal. By
repeatedly launching a pulse or pulses onto a network and sampling the voltage at
* increasing points in time after initially launching the pulse, characteristics and

25  discontinuities can be determined. A variety of electronic instruments exist for
measuring electrical impedance between a pair of terminals. Jmpedance, expressed in

units of ohms, defines the relationship of the electrical current T through the terminals
to the voltage V across the terminals. In the simplest case, impedance may be purely
resistive such that the voltage and current are in phase. The relationship is governed
30 by Ohm's law such that R=V/I where R is the resistance. Impedance may also be
complex when there is a significant amount of reactance between the terminals from

capacitive or inductive elements.



15 extreme cases lives, may be | ost due to interruption of power and/or
data. It is therefore desirable and in sone cases essentl?2&lecedbehd®lé cabl es
regularly. One type of check for cables and signal paths is an inpedance
check. Wien a single 20 pulse is |aunched into an electrical network, it
may encounter various changes in cable inpedance on its journey. These

di scont i nuiYG 844 | npedance have the effect of ref| BEHEHFOHMICert ain
anmount of the signal back towards the source of the signal. By repeatedly
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purely resistive suc at .the voltage and current are in phase. e

el at§ onsh B Grsoe e e Sted Sepitr Bltate flandr s B b epEbe R i o ¢ he
resi st ance. frdquiey anelicy vellagois hearlyCodpbRx THERditda et ths réflestbq@ni f i cant
amount of reactance between the termpals from capacjtivye of inductive

el enents. 1559 %%%Zl?ﬁ)‘gfm?%%y HOPB e Oigopiﬁﬁe?ﬁg@’é fgigeﬁﬁ%@?eti“%nom

tR e](czlhni que figjectediigiabt rTrugiov@ksywnéneﬁﬂaérrw @@hlbcﬁﬁ:uié%xiab ﬁlﬂdl: c[iﬁadé\_él‘éﬁ'vm_ .

ef | ect t is is. an i.npedance based technol ogy .in ich the
frequengd}reoé&/aft%ﬁ%‘%ﬁlfﬁgtg‘g@f“f Risptrd gignel oAyt cplalelag A Shgrt ‘i:‘FF“it%%‘Ft%%nt s until a
moni mum o disigict pERinGidholi{ifWevelssgtiRasihechbR). a si gnal injection point:
This is indicative of a 5 m ni numinpedance at this point. - The RVS

vol tage generated at the signal injection point in response to the applied
test si gnalUifsrhiimely! SWRH isangliteénal y&eeniee A9t @6 Mhddahdt N dikgnegieency to which
the voltage is . nearly zer(c)1 volts, This indl(“1 es t hat theué_eflect ed signal
fromthe di CREHERT ARSI atﬁmnéx‘#%?’%ﬂ Qpepa: %@Fé@%‘m@&“ o Sipgleise fromthe

i nj ect ets si CHagde!”. FitHer6:6 UtsQisHRe m&kirfiRdnt RBo1EAMR s o ¥éhdomaiiagd S (at a

di stance of, 10 Quarter Wavel ength of the injected signal down the cable) or
a Short G rik SP"E’S?W‘%‘“‘(“H%{”h%”&‘l'stance approxi mately Hal f Wavel ength down
the cable). Unfortunately, SWRis licaited in performance by the fact that
its diagnostics capabilities are restricted to only detecting Open and
Short ci rciose-bad gheagirennis ofsimprdaneromey beypriREichobe? titts dgmaT ance

nMeasur enentrefi@fictdt (TOR) iba MtnerMPINkndeE RS £1. AMle Domain Reflectometry

20  (TDR) techniques have been available for at least the last 30 years and have been used

in several application areas not least Test and Measurement both in relation to Copper

based cables and the emerging Fibre Optic based cables, the latter techniques being
- known as Optical Time Domain Reflectometry (OTDR). The essence of TDR is to
measure the time taken fdr a transmitted pulse and reflection to be sent down a cable
25 and returned to its start point, the polarity 'characteristics:of the reflection being |
further processed o determine a typical discontinuity such as an Open Circuit or Short
Circuit. A TDR performs an impedance measurément by introducing an incident _
pulse of known magnifude into a transmission medium such as shielded and
unshielded twisted pairs, coaxial -cables, and the like, and méasuring the rwﬂﬁng
30  reflected signal. The pulse is introduced at a given pulse repetition rate, depending
upon the designated range of the TDR. During the periods betvs.reen pulses, acquisition
circuitry samples the cable to acquire data representﬁtive of reflections from flaws,
disconfinuities, or breaks in the cable. The reflections in the cable are timed from the

time of transmission of the energy pulse to determine the range from the transmitter to

2



it has no Prognostic capability at all. Pul se-based nmeasurenents of

i npedance may be performed by a tinme domain reflectonmef2Pecanbgr 30854
manner well known in the art. Tinme Donmain Reflectonmetry 20 (TDR) techni ques
have been available for at |least the last 30 years and have been used in
several application areas not |east Test and Measurenent both in relation
to Copper WSHB@@4Mabl es and the energing Fibre Optic ISR es, the

| atter techniques being known as Optical Tine Domain Reflectonetry (OTDR).

The essencesugff AIAR distontifitiddP a5 befs! REKcbAdI® nlagk6itest Rl chinged BRIt ted pul se
and reflection tq, be sent down a _cable 25 and returned to its start point,

the pol ari t§Fh APgES BiseYs Bsthe 5pbls, jad fher ke Theqaeaweed figta i @peRBY processed to

det er m ne aprbtired @ld dbpRGEIts ia MbvERmMBEHE oA aRMay MOe, GhfiCadiatca@bgeShort
Grcuit. A TDR perfaorns an, inpedance measurenment by introducing an incident
pul se of kﬁ&’&?ﬂ‘bgﬁé‘ﬁﬁiﬁfaﬁﬂidﬁ?’&%é’rﬂ@%&m ssi on medi um such as shi el ded and
unshi el dgd tw sted pairs, coaxial cables, and the |ike, and neasuring the
resul ting 303[)eflect ed signal. The pulse is introduced at a given pul se

repeti ti on 4 APB nogepwithmges 0 ssherepesicareiiaeof he spajeuser e¢orDR. Duri ng

the periods RedchRRRuibbiesoppaC aeilisi b Phnt, Ghd Chiriciefistha MRpeasct N cable to
acquire data representative of reflections from di scontinuities, or

fl ,
breaks in tHEcExbetweenTif apd 135 Chms flost WSW@@%&HP@&@%@N‘P%@& aadomthe tine

of transm sk @hnRf SHdMRdLRRE G¥e 'Ppis%aﬁﬁ(%&u?'iﬁ Ofnd D& rcﬁﬁg@iﬂﬁem the
transmtter to 2 12 Decenber 2005 02/ 101401 PCT/ G§02/ 2694 such fl aws,

di scont thuiebles mpsdangs is fisplayedeqn the TPBdisphay feviesasca pasitive NAYRIEE: in wire

gauge, spl ixe8five Fefolrd o sdrit doBBinesHRlcBvotRiialiflSrdrh & Borizdfifl rAGAUI red data is
normal |y processed and di spl ayed as a waveformtrace on a display device,
such as a cathode- ray-tube, a liquid crystal display; or the like. 5 A TDR

notes any GHBMes te imdideRGubd Ak 8] bShhde Je{’jp@ﬂ%%?ﬁiuﬁ% ke under test.
For a tel econmunjcations copper facility or plant, the characteristic
i npedance 28nosecopiscilip PRoen asssire Dmpedanee 35 fugpiies of Nimet TRRIES ded cabl es

fal | beisveanveifilapitfho trbB5leEb i Bransiisoh §8d vf 8bdctngd &ijkc%ntﬂuitfe?tha%gd cal l'y about
125 Chns. Any chan the 10 cable's 1 npedance is displayed on the TDR

di spl ay deiEwt aﬁ!ﬁ“%?? ﬁlwg iafq postyafiear eapkied im egeseiinge thralmredineg 2long sone
combi nat i ORraRmifih hmé%e"M@zIshﬂ}:% i OIh& UL AR Yofkts 15RCRe transmission ‘
line has the advantage of allowing faults or discontinuities along the transmission line
to be detected and localized, a feature particularly desirable for field service
20  applications. If the propagation velocity of signals through the transmission line are
known, the time delay between incident an(i reflected pulses may' ‘be used to
determine the distance to the fault from the instrument along the transmission line.

In performing an impedance measurement with a TDR, the magnitude of the reflected R

25  pulse as a fraction of the incident pulse may be used to calculate the characteﬁsﬁc
impedance at any given point along the transmission line as referenced to the output
impedance of the TDR. "

To date, the main industries of Aerospace, Telecommunications, Scientific Research,

30 Manufacturing and Test and Measurement services have used a number of Handheld
and/or Laboratory equipment to obtain the variety of test results necessary to diagnose
or prognose faults. -



Because the incident pulse width can be nade very narrow, typically |ess
than ten nanoseconds, the TDR can measure inpedance as 12 Daggtbpo?05 tine.
TDR s thus 15 have the ability to troubl eshoot transm ssion |ines by
detecting discontinuities that can disrupt signals and are nbst often
applied in measuring the inpedance along transm ssion |lines. Measuring

i npedance YO8t ed points along the transm ssion PEHEBRENY4 he advant age
of allowing faults or discontinuities along the transm ssion line to be

detect ed anWhilacadsbmbly, sudcehBal H6 ndar inidvidhar pideedISdqupPleRt ib¥iddsi el d service
ation velocity of. signals through the

20 applicatjqgns. If .the pr . ,
transnmi ssi o{’?ghﬁqﬁ? agpéneaﬂ.ﬁgﬁ%%gtq% SHPhBIERST &Y vBEraERr RS ({¥HIEdand refl ect ed
pul ses nay, Pdxe Odsmed, Fibre, Siafle Ookd) avithhRryetgSina NeRakcRedt RBedadddl fo fleOom t he

i nstrunent al 0{1 the transmissiqgn line, In performng_an i npedance

measur ement WPt 5 SIEPEST £4pcbe &‘ait?ﬁﬁ@@'fB?aYWéWr%WS%F%‘HmS’Z‘BmﬁGFse as a

fract i ons of aih@vituas el ofddre ofBabidd Br 449@6mblete GRS bf AbIBs dfaGargdhar act eri sti ¢
i npedance at iven i line as referenced to

a g oi nt I_Ial ong the transm ssion
t he out put c“l‘”r?%d” fieR RAHPRS- To date, the main industries of
Aer ospace, Tel ecommunications, Scientific Research, 30 Manufacturing and

Test and I\/e]gsgc{iement servi ¢ces have used a nunber of Handhel d and/ or
Labor at ory B3 et koyn sHiipment fordate gddrgsses fhegal prablemofan yokaowiE essary t o

di agnose  Ondéined Teratnation/Giotind- Rk pdRe 6 RS cadORRh WRORLAGEIADL
PCTI GBO 402 94 \Wi |l st reasonably successful, no known individual piece of
equi pne WRmpePLls conpectinps Wiyehsuss Sireled arrscabiss fir BymasayesgoEpedasaber  of

varying calimewhywies stelivittd @diuerioad By, thdihdM s@loturddubtbhdingionta] € Core) with
varyi ng and unmat ched i npedances to the actual test equipnment can be
tested together for a variety of discontinuities, either as 5 an individual

el ement of Jasigy, 4nodh eGAPhES toQfatcPfovlicF RIML BlRe ThMd Podr kPl Of a | arger
conpl ete system knpown as._a Harness. In addition, no known equi pnent to-date

K,
addr esses tt}?@gla@%‘fagﬁr%ﬂa@ﬁ“ﬁqﬁ*&ﬁ' unknown or undefi ned

Ter m nats on/ G ound-return path as is the case wth nmany Aerospace and 10
Aut onobi | e connections_ which use Si nggl e Core cables (in _many cases no

i npedance KRoWFTWIHG RPuds Atk sy with nheged Diagyostin andPregnosie r uct ur e

sur roundi NgabABRY, ik R4 Dime, Al KBRRarl HnHBRA ankl GmPRY&E RS OYeAsSa f or the above
whi | st Power and Data are T
safety of Cable and Connecting system.

20 Statement of Invention
- The present invlention relates to a cable test system, comprising of Hardware and
Software techniques that allow for varying types of cable to be tested at one end for
impedance variations and mismatches, either as an individual entity or group, for a
variety of faults and conditions, the latter being termed as resiaectively Diagnostics
25  and Prognostics. Further, this invention can perform this in Real-Time with Power
and or Data also being applied to the cable under test. |

The present invention allows the implementation of a Real-Time, non-intrusive, fuily
automated, variable Cable and impedance-based, multiplexed cable testing system
30  that uses Time Domain Reflectometry techniques. The system cén process more than
one cable type, with varying characteristics, at any one time during which it confirms
and processes both the characteristics of the cable type .under test and any
discontinnities encountered during its operational life due to the impedance variations

defined and processed. Furthermore, the system providés an extensive range of Real-

4




being applied to the cable under test. 15 Any system which provides all
this with, enhanced Di agnostic and, Prognostic capabi | ilgyecembred(0STi e,
wi |l save many nman-hours and inproves the operational safety of Cable and
Connecting system 20 Statenent of Invention The present invention relates
to a cable test system conprising of Hardware and Software techniques

t hat al | owWbR/10d¢lyi ng t ypes of cable to be tested atPEHEBRMEY or

i npedance variations and m smatches, either as an individual entity or
group, for  aTiméanisghysiof anﬁa?}ofgﬁosﬁﬁchafao%geihleprﬁth Q@ tib@hiorP&hg terned as
respectively, D a rq%glgstl cs 25 and Prognostics, Further, this invention.can

per f orm t hi SECTPRERAGR Oftyesaig ety apd grefisconpgityfncloging byt 206 iuedig, Bppl i ed to t he
cabl e under 4deifibnal hBgpidd of SMlantENEREOnO Mo thOMEet Siend Aik.ement ation of a
Real - Ti ne, "'non-intrusive, fully automated, variable Cable and K
i npedance-based, nultiplexed cable testing system 30 that uses Tine Donain

Ref | ectonetry s @;ﬁhmmagaedMerﬂy@Jeﬁmt&ﬁ& @mymsr{&r&em%aect%ﬂ@ cabl e type,
W th varylngc racter at any one tine during which it confirns and

i ¢S
processes bdPRT H@%hakﬂaﬁmaéttp‘éé‘s%f“%ﬁ@e‘ééb‘? é“fﬂ%éftfﬁdéﬂd fede and any
di sconti nui tdoﬁ&-@mg,qhmg@g@)cbe%{eamtb&@ o SRET ational life due to the
i npedance vari ati ons fined and processed. Furthernore, the system
provi des an extensive range of Real 4 12 Decenber 2005 WD 021101401

PCTI GB02/ 02@R4bre d fullResbioa @i fiduftieaR Aok BEEM Mol sGsttlMshBOG e How t h accurate
| ocation _and int Er,ﬁr etatioon of any said data and or_discontinuity

i ncl udi nf, 58t FEahle penpeton. grocessiag e%ﬁd@"ﬁpﬁﬁaﬂwﬁﬁb‘ﬁlﬁﬂ@ywﬁﬁmﬁbﬁance

variations &hﬂﬁlﬁerkﬂi@ df&ﬁkgpiafsatletagﬁns%@ £ séreé\piﬁ%ﬂmfs'aﬁ&"sécx dif%d gned Ge“er al
User Interfa S Iovvs tthe user to sel ect and contro ests.

particul ar, ?F%%TWWW@IM%#WW@MG%@OWS ﬂuﬁbnnectl ons,
the types tcph@e éaﬁﬁlﬁﬂeﬁﬂ%uioﬁﬁﬁdaﬂﬁ MBI - mB@atcHrﬁn/@:aﬁy'AoPﬁs géoglom 10 each

nce e systemtransmts a

di scontinuities,is 081
Pi n/ Cabl e caff&REH! %E@%ééqcﬁal @&%Méﬂlﬁﬁenwmp@mdébq Moliplexerfis rstly
confi r mishe agdudsRizéhed itsrbugh Sté fehdsBe i e eet]ﬁ'ﬁﬁingﬁfsmgrtﬁe fgksf er ed

paraneters gnd secondly to confirm and/ or | ocate a” Term nati on/ G ound
path.and te projigaio, ¢ rebsn fopa filhdscoptinyity teSt A single or continuous pulse

can be further selected using the GUI and transmitted to each Pin/Connector
combination in Real-Time. Bach returned reflection obtained from the transmitted

pulse and or pulses, is captured and stored. When the stored data is processed further
20  through a set of pre determined algorithms, the system extracts unique characteristics,
such that it allows the system to determine both characteristics of the individnal cable
and any associated discontinuities, thus facilitating full interpretation of the any
discontinuity. Furthennore reflections are processed as a function of measured time
such that the location of the cable charactensuc and or discontinuity can be accurately

25  determined.

A micro-controller is used fo control al physical Hardware operational requirements
of the cable testing system. A Software based GUT is used to send cdmmands to the
micro-controller and any associated Hardware logic including, but not limited to, the

30 Mulitplexer itself. The GUI then provides facilities for the processin'g.of the returned
data and display of the results on a suitable display device.

The cable test system can be fully integrated into varjous systems or hardware

formats. Relevant industry standards in which implementation could be achieved
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phase a 'Miultiplexer automatically swi tches to each Pi g %b cogﬁg’ctl on in
accordance with the GQUJI selection. Once this phase is é

Mul tipl exer is 15 again switched through the chosen GU sequence, this tine
using the allocated Termnation/Gound return for a full discontinuity
test. A single or continuous pulse can be further selected using the GU
and transmtted to each Pin/Connector conbination in Real-Tine. Each
returned r 'ﬁJg’% n obtained fromthe transmtted Eul se and or pul ses, is
capt ur ed 3 &P% ASIG FERSY BEPIRkin, SPigfs SE Bisteats SPUFIHRIF 20 t hrough a
set of prascedtherspstereoh vatige fertnhisinciutihg HeydbieldnP@xtida@ct s uni que

char act ergigtde§sy, ~such that it allows the systemto determ ne both
characteristics of the individual cable and any associ ated

di scontinuities, thus facilitating full interpretation of the any

di scont i nustéad of Blecttidaenunes Qightrpedducat yOBsexample dn06Es %R6r rady i Jse@et i on of

nmeasur ed fg tes&g&%g}éggéeulbgﬁ +t8giq‘fgnpg(eof t_he cabl e phar acteristic apd or

di scont i nu y ca term ned. A mcro-controller is used
to control all phyS| cal Har dvvare operational requirenents. of the cable

testing ax%&% @@fah\a@,;e%t&%%ggwgﬁtdaﬁsmgre,@pfaﬁa&ap{y@n ; to the

m cr.o- cont roI assocl at | ogic 1 nc but not
limted trﬁﬂeci"ﬁ@teg@’”%'?‘f‘% ﬁﬁr@a@é}*ﬁerf%gwerat%efmlgrtahéﬁwbtplewa@@eﬁtaérq ities for
t he proceassiagmittr dndeo 4 BLoretle edBioat hanfg dpmmn@ysf@ﬁputdweadheﬁmbts on a

sui 301 e SRR S5 G2 oG of Al AILER oS LD Sl bl 0T 2t ed, 1 nto.

vari ous systens or ds in which
i mpl ementeattdpble ewrupeseuting Bi stapels fmithe Dswiisele aZelesed wémqtu giihe &gt pCl
PCMCI A, &5&0 FPGA. Proprletary standards or systens can equally. accept

“th : dh edded.
oy em L shfhida L REnd RENLTS LRAANS ec Bl B girao g o,

| aser maygrded galbfbrthe sekededmidput pot, a0y Btteahtifegefleglometenfugneropprisab net work. In-
accor danGgeapb toha@aiysag REBéePdiglRGeRives Ak fio%vtﬁ@&érﬁﬁisssbrhﬁl'é&a khabgyd ded a

Si gnal IR SR BB ECPEE A" Bt SR Aona I FOTLO St port, the
t est por ttrahswissign reedid tabe deteynindd sod theutspectzadistabes thhe ipetaect chbhgest 0 one of

a.plural 'f&rXraﬂémlEéicﬁ‘ﬂﬁéHiascﬁ'k%nrH?\q'uﬁkrFoQ/nlﬂﬁpetdgrﬁsteed the multiplexer: being
controllable to cause routing of signals fromthe transmtter to a

' sel ect ed output of the test port,
In accordance with another aspect of the present invention, there is provided a method of

performing time domain reflectometry, comprising:

generating a test signal at a transm'itter, |

supplying the test signai under the control of a multiplexer to a test port; '

connecting each of a plurality of test port outputsrto' ane of a pluraf_ity of fransmission media to
be tested;

characterised in that the method comprises:

determining, selecting or confirming the return ground path for the selected output port, and
analysing reflected signals received back from the transmission media to be tested and the
return ground path thereby enabling impedance changes along the length of the transmission
media to be determined and the respective distance to the impedance changes, for
transmission media of known and unknown impedance.

Brief Description of the Drawings
Figure 1 is a block diagram of a time domain reflectometry system according to an
embodiment of the present invention;

Figures 2 and 3 are screen shots of a test configuration for an aircraft retraction motor
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characterised in that nmeans is provided to determ ne, ct firmthe
return ground path for the sel ected output port, and |35ﬁ?§?m¥ eﬁ{é
reflectometer further conprises nmeans for anal ysing reflected signals
recei ved back fromthe transm ssion nedia to be tested and the return
ground path thereby enabling inpedance changes along the | ength-of the
transm ssion nedia to be determ ned and the respective distance to the

i npedance Q@p]ges for transm ssion nedia of known and unknown inpedance.
In accordarice Wi th anot her aspect of the present invention, there is

provi ded aFighsesrbd apd 6 afserclesn Ahatgofiteshesdisimimriest eﬁﬂflelcred)lnﬂguses 2@o8Pr i si ng:
generati ngana, test signal at a transmtter, supplying the test SI gnal under
t he controIL of _a nu tIERJ faxer t a test port: onnectlng each

plurality dfu 852 587715 ERET° ?8“?5}?8” gyl RIP&T 16§ "o e?”F?H% SSI on nedia
to be teskigde 1.characterised in that the nethod conprises: determning,

sel ecting or confirmng the return ground path for the selected output
port; and % ysing reflected signals received back fromthe transn ssion
media to b%efggt%ac'g‘fﬂ?“t he return ground path thereby enabling i npedance
changes alfonge 1 isea Hiexk glabraot of bimetdomaia neflsstbroctry sisteth acdondinago det er m ned and

the reSpeCénH @lrr%htsc;f%%?es{e nwaﬁt &n%?ﬁ%?ﬂ%@se?ﬂ?eﬁ?%ﬁ(gu& rl? ;r)_lrrmn SS' on medi a

of known an nown | npe ance SCri awi ngs Figure 1
is a bl ockte'EHT‘%r“a?ﬁ"l?Pt‘?VFFrFé‘mBEbtﬁ'iaﬁfﬁwr'@?f%@?ﬁ?é’t&%@?%ﬁyéﬁﬂhccor ding to an
enbodi mentingks \tlélmemLE$ar’etpab§BdQcﬁléhﬁdﬂo—cd?ﬁrﬂléf.@srhgnﬁ’dﬂ&oatr@éﬁsﬁnCr een shots of a

test confi [ ircraft. retracti
ot o B hicAn Wah o A Bhrdeh A bind ShE B ERAT l comut g PR SRR ST e oot
confi gur edimemloma@u?f@gtowemnm@m TR GAB issrrnetted b amultitiexend foc sehidiagr am of a

channel f rasamr@ewb bigRdieRhd HeRdnd & hbe oﬁé/rﬁﬁw%m &ftrané%mwn%élmun!@%@érl ed
Descri pti ure refl ectonetry

a in
system ac 38?; df 'ﬁﬁr 8" %{ﬁ?th% %lﬁﬂ'?’f?égt 'gfi‘"s'inﬁt@r B‘fcgé'é ﬁt"a”art?{?éz}ll'{sie Qﬁ"er?f\"’df’ﬁ)p hi ¢ user
i nt er f ace J@Yiupeslinfesogatiog/¢raeay polsemthattare launthéd intoste respegtivé calesdtarie, conput er

or the |ik@néEsibrTh&lide o fedesdd ik 4 136t p2¥ B! BB transmission medium may be
‘shielded or unshielded twisted pairs, coaxial cables, single core cabling or other types of
metallic transmission mediums. Return signal energy from events in the cable under test
representing flaws, discontinuities, or breaks in the cable is coupled to a data buffer 7 which is
Jin turn coupled to a sampling circuit, such as a sample and hold circuit 8. The sampled
analogue signal is coupled to an analogue-to-digital converter (ADC) 9 that converts the
sampfed
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I nputs via the GJ 1 are passed to a mcro-controller 2.;Ege .

m crocontroller is in comunication with a fixed progra PP ASr 1 ay
(FPGA) 3 for controlling operation of the time domain reflectonetry
system The FPGA 3 is connected to a nultiplexer 4 for sending and
receiving signals to and fromone or nore of a nunber of transm ssion
medi uns undwsozidi@|t . Under control of the nultipl exerper/GRoz0dBENSM tter,
such as a variable pul se generator (PG 5 produces interrogating energy

pul ses that - ' [ . LSsion medi um
to be testedﬁl \%1:3 glegﬁﬁ%g;@ddﬁ%ﬁ 98&%&? é&ﬁ%ﬁ%@ﬁ%ﬂ%@%ﬁ%@%@% shi el ded or
unshi el ded twiderttest! Tha digdisedcobirg at stoabinegpenyiry ghah ag e nemlzabf egigiersr ot her
types of ne ic 1 SSlon i . / i gpna romevents
in the cabl efcgk(léé’?ocE%@P%%g@g@éﬁﬁgﬁﬁpa@g&g{éﬁg%%i Eﬁ‘? e%,&%r breaks in-
t he cabl e i sreprowptingdhe whun dgrabenougl fiiom the sehieainddr dest is pracessed todeipted -t o a
sanpling girgui . LECHt . B e | ed

anal ogue ss:i gtﬁg &?eg&?ggﬁ%gdﬂ '}hg%ggri:é %&%%%ggeg%htq%&%ﬁénaqa%cogﬁee?e?%rw( ADC) 9 that
converts thesveia bk digitded vaveBenahbaiong 006 ARidith RLaREr PET AEBER 102694

anal ogue si ghodif, il ek B mlALUES SERLESHALAD YRR Lhe return signal from
the cable wunder test. The digitise val ues are stored in a nmenory, such as
a nunber of registers 10, for processing by the mcro-controller 2 in the
digital domaTl' e i glt.al 4 il r | [ |~ ener gy
fromthe cab e.{}t%ggdrllg‘lfv%ésa%ﬁid%gg&r%c%{s%ggﬁ ?%lgg%sﬁeglc}fnggortt%esq%?%i%%(g of events
in the cibl endpnitiajrdn ércable nphagemett eectigmsliovs tekatser toredd, Welebenéedica events.
The digitis : -£at I M Lsiti r te ta and the
char acteri 2 aieaakgal V% Gn 308 Wity W Bl bR BUEH 8 ), °1)

The' GUI | alautywsticeel deingathe selestibre awindxecution oHt dest foe tigy paréenlarvdblé or tests to
be sel ected 0 LRt |.e managenent section allows the user
to add, del et'e D%ggtg%ﬁlatfgé%g@?gpég@g%ﬁat ed with a cable. Data stored in the
cabl e managenent Degsegptioon i s used TBwisteliein RGFS, PindieCoregtdt he sel ecti on and

cabl 6 type i nol g 1 e LR PR RE S S hoTe Cor e etc. 15
Part Nunber - Nobmpedeotarer' s Part Mundfietmrer’ s Ppdidiad Bnpeddvbn(if aag)t ur er ' s
Specified | ”pedaﬂglgcitgillifact&ny) - Manufacturer’s VF |
Actual VF - Calculated
Loss _ - Manufacturer’s dB Loss per/metre (If any)
20 Gauge '_ - Gauge of Cabie.(If any)

The cable management section aiso allo;ws cabling systems, also known as a Harness

in the aeronautic industry to be recorded. A cabling system incorporates a number of

potentially different cables with different pin assignments when coupled to the test
25  port 6. Data recorded for a cabling system includes:

Description - - description/name of system
MUX Channel - The Multiplexer Channe] selected and allocated
for the associated Pin / Circuit ready for testing,.
Pin Number - Pin/ Circuit Number
30 Refurn Pin (Gnd) - The physically allocated Termination / ground

path for the Pin Circuit named (as in the case for Twisted Pair with a lmown
Ground) or the automatically allocated Termination / Ground path for the Pin /

Circuit named as in the case of Single Core.



Vel ocity Factor - Manufacturer's VF Actual VF - Calcul a Lo
Manuf acturer's dB Loss per/netre (If any) 20 Gauge - Gigg) ¢ g%%?(ﬂﬂé (1f
any) The cabl e managenent section also allows cabling systenms, also known
as a Harness in the aeronautic industry to be recorded. A cabling system
I ncorporates a nunber of potentially different cables with different pin
assi gnnent Woshan4goupl ed to the test 25 port 6. Dat araracrorieted for a

cabling systemincludes: Description - - description/nane of system MJX
Channel - The er Channel ,sgherhat RBE GlblodaiaRed 8y thde associ ated
Pin/ Crcuit ?/(E,\Hét *ngr( “testing. Pin l\‘%r:ger - Pin/ Orcglft Nunber 30

Return Pin (Gnd)systefTwbengesjedi cal |y al | ocated Termination / ground path for
the Pin Crcuit as in the qg@ee Wesh @dL1Pakdg o thik pey ANown
G ound) or the aét}tggﬁg’f’écally al | oc cher% ﬁatlon G ound path for the
Pin/ Crcuit réred as in the case of Single Core. 7 12 Decenber 2005 WD
02/ 101401 PCT/ GB02/ 02694 Length (m) - Actual length of the Cable determ ned
by the system when tested. Cable Type - Type of pre registered Cable used
on thi s Pi ingperatBm; g user initiptes ptegiyia the SUh! caasingestart gommagd wdegaseedst via t he

1 Caus' i bRl gnr&%%nfhe c?%oﬂﬁﬁl@ﬁ&nds%’c&ﬂnan@tgrtﬂb pEpArol ler 2. The

m cro contr sends a command e FPGA 3 whereby each channel in the
mul ti pl exer Wherﬁw @ clrned in e andipdexput §e3“ﬂt91}¢6|t@aillq ypyse, Al of s gener at ed

by the res pg@{sT éD @aéd%gﬂmh Sreaip@étﬁg tRel s £Hdolst FscthP S Ghe donhbted

cabl e/ conne PAVIa A test port 6. Any ected anal ogue pul se for
that cdBl epzbdnfmm@r Pl miai & t@Sh@nﬂrﬁaceAIWecPﬂMKmﬂioau‘anlﬁ%é@t @i ned channel

and fed | 0t OulelBned fin MtfdaGhocited BUERvh  plclflerh HIPL G EhdO] iholhd CUl L 8 then

to the ADC conver where 1t 1s con er stored in the data
regi ster 10datThuffcFPGAar B thiempiwnd baldeircuiy 8 then do ﬂl@ ADC converter 9 where

it is converted and stored in the data register 10. The FPGA 3 then switches fo this

register thereby allowing the micro-controller 2 and the GUI 1 fo extract the data for

15 processing.

Preferably, the system determines the “start” impedance of a cable to be tested by
using a predetermined algorithm. This process is repeated for every chammel
connected to the Multiplexer 4, The purpose of this is for the system to establish and
20 confirm the impedance of cables under test both where impedance is known and
whete one is not known. The GUI 1 sends a cornmand to the micro-controller 2 to
start an initialising phase whereby the test port 6 is checked for discontinuities and
" authenticity. When this command is received, the micro-controller 2 sends an
appropriate command to the FPGA 3 which initialises the Mutliplexer 4 by putting the
25  start Channel and Pin numbers into the relevant registers. A small Pulse, typically
10ns, is then injected into the test port 6 as determined by the MUX Channel '
Registers. Because this initial Pulse is small it will be able to determine faulls and
discontinuities over the short distance of Irom ~ lm, thereby facilitating that the
physical connection between the test unit and Cable/Harness under test is working.
30  This sequence is repeated for all channels of the test port 6. If any faults are found the -
*user is given an appropriate message via the GUI 1 and the test is halted. Preferably,
the test port 6 is in the form of an interface cable. The cable may have an embedded
logic device that can be queried for authenticity of the cable and/or determination of

parameter values for the cable before a test is finally initiated. The data recorded in
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regi ster thereby allowng the mcro-controller 2 and the GJ | to _extract
the data for 15 processing. Preferably, the system det ePeresbendi0&¢t grt
i npedance of a cable to be tested by wusing a predeterm ned algorithm This
process is repeated for every channel connected to the Miltiplexer 4. The
purpose of this is for the systemto establish and 20 confirmthe inpedance
of cabl es wuwenom@st both where inpedance is known angcrgdeiReone i s not
known. The GUJ | sends a command to the mcro-controller 2 to start an

initialisin ase wherehy the tes rt i hecke gr, discontinuities
and aut henﬁp‘g{gg'ﬁ%eWé?ﬂyt’gﬁl'gg: f@%ﬁ%ﬂ‘g&?eé 05%%‘2?1‘%@, é‘?’ﬂ‘e RGNt rol | er 2
senfls i’in aﬂﬂHeft;mdrﬁ&eeC@wmh Bidlg used); mgerlff&@%tm raio}ammeﬂ (td hitiehtiesthé he .

Mut |i pl exer 4 putting the.?2 tart annel . and Pi u rs into the

rel evant redP%t% th.sysffngffé‘h?nd%‘ﬁé%“ﬁ?%%ﬁ?rf $pich s (gquge, %F"rs&“"tqu?%?rnj ected into-
the test pordc @ asiftiditalidBlagds/bfletibger Mbhahaneal chadgedbrsbwiral frddecause this

initial Pulse is small it w]l be.,able to determ ne faults an

G Scont | i (L PRI AR ARG O D © RSB Faci 1 ¢ at i ng
that the phydliwitlanapiseielntisaet ween the test unit and Cabl e/ Harness under
test is working. 30 This sequence is repeated for all channels of the test
port 6. If any faults are found the wuser is given an appropriate nessage
viha ]Ehe GU][ 'Illea(}d'[thfethéne%&ndglsa h@hﬁxﬁddh tglr &Eeﬁﬁmﬁébntrollehez trrtte)sgtéﬂvoaztl 6isin
the formo n.interfac a The ca ave an el e ogi c
devi ce t hat BW“%’QJ&B%JP&%S% SuPYRYSE | @ tg‘a%ft"sﬁh? cbl° i

det er mi nﬁu i Tmh gatiow@ﬂemﬁg yath lﬁﬂfeiéhQFinD/’gdb& nﬁl@&&dgfgbgﬁtohﬁgas; ti%i a ils finally
initiated. e data_ recorded in , er X (

PCT/ GB02/ 02882tV bgyea ‘gfé\%‘%“éi ﬂ%’ﬁg}nd%’ﬁ%l ok fyﬁq%éugéﬁ\rlf\g a3t the Cable
(to check t Iabxitlhll Rs6 RS% a rkiE@pathlDHEWEES & Gablseof SindleToe chls@rhs User
henticate the user of the _systen); and

Regi stration Nténber %1.0 ga;tflt% \

i ndi vi dual CEBTI&E SF T Ry iskpetr od cpe g be prieRed INFABEY CaYelt (to verify
that the Harmmlﬁglatbé enpeaAﬂﬁefofeﬁtcamawaa@dendia@amgm&mﬁ ﬁ{)ﬂlegp@bf Ied f(r]I om
revious test results). Any faults or invalid data w]l, e di splayed to the
3ser vi aX héfmv&fm W’Pﬁe’?ﬁ%ﬂmﬁfﬁﬂﬁﬁéﬁfém@é@dﬁﬁ a%ﬁém@l’mﬂ?da‘l‘cﬁ se%ds a
command t o tien sthne e r&aIRt drdld ehaiding PinFIGAblks whtil il BhdE (RablbRA/kMALNd test. The
purpose of this test is to .confirmthe 10 Term nation/ G ound return path

for each Pi HPRAMICE Lhesecombingtign rpsully are) hemysiefed foysuse 1 the main test

sequence providing the multiplexer with the combination such that a ground rail 11

can be switched to the designated combination before the test, thereby providing a
20  stable Termination and Ground return path. Using this method, the system is able to
verify any predefined Temlirlation/Grcund return paths for existence and performance

prior to testing.

Once these steps are. completed, the micro-controller 2 processes the test

25  configuration set up by the user in the GUI 1. It uses this to send the appropriate
commands to the FPGA 3, which controls the flow of signals and data between the
micro-controller 2 and multiplexer 4. The first thing the FPGA 4 does is to select
another pulse width and type, typically 30us, which gives a longer range whilst still

| maintaining accurate resolution typically lmm/lcm. The channe! and pin mumbers for
30  the cable to be tested are put in the relevant registers, this having been determined by
'the user and GUI 1. The Termination/Ground return path pin is also selected and put

into another appropriate register. The Mulitplexer 4 reads this and switches the
Termination/Ground rail to the pre-allocated Pin. The test is then carried out on the
Cable sclected. The user gaﬁ select via the GUI 1 a single pulse to be transmitted,
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connector will have a designated Ground Pin. Cable types such as Twisted
Pair and Coaxial will also have a return path. Hovvever 2iRpcemdecd e of
Singl e Core cables, no inpedance or return path is known and one nust be
determned in order-to carry out testing. As the inpedance of the cable
was identified and confirnmed in the steps 15 above, the multipl exer 4
chooses t havd érei01Pi n/ Cabl e, | ooks at its stored inpepencenzansh then scans
the results of the remaining Pin / Cables until it finds the cl osest

mat ched |rrpd C i r&su e or use in
the main te ﬁ‘en%ug p%sogrlnET e tﬁ’ghrru t?@%@érb%%@tﬁ%&g&%l nation such
that a grourtleicdnanﬂmds lor a:atmtlbm)uswuls@hwhbr@ba teg@ardeds@nm dengrgiisi nat i on
before the test th b rovi st e G ound
return path: GlJédi‘%g ‘?{%‘iﬁe)éer%fth b F%g%g%/%fler@wsﬁa %ngl%a&lé\?g%n ;E/igsany

pr edef i ned Temmdisplayaﬁ@adhﬁrﬁ[mehlalsmta]dafalalsoﬁ or existence and perfornmance
prior to testing. Once these steps are conpleted, the mcro-controller 2
processes5 the test 25 configuration set up by the user in the GU I. It
uses this .t@hsamdnidﬂewaﬂmmhiﬂmﬁemmwcﬁMudmommp@anmmbﬂh controls

the fl ow of _signal n a r nd

nul ti pl exer sz’.cgsﬁei? %stagetathﬂ e?yﬁ emlgg%ﬁgﬁh oogﬁsag?gg %ﬂgée#sg{é%e%agnot her pul se
wi dt h and t Jipkas btaypﬂ«temﬁﬂnyd mnsppmmnatéiy ¢00vObmsm sl bﬁgﬂlﬁedr torie systeil st st l |

el LAl % 19 BEGH B RRSLY R oL LR SR LAV T GRARAELE 20d Pl

nunbers for tes “are registers,
t hi s haviing ﬂh@nemidtmsrbbaeﬂuﬂﬂythat atrimge ufs’ESFBarﬂim@hﬁouItl wﬁhm thisrcasenat i on/ G ound

return path. pi al so ed a ut rjate
register. ﬁrﬁ’ I\/ﬁﬁlsaflpﬁ' ger gﬂf{e%e%cfs P)ﬁnmgmarn s%st %ﬁ&i}%%}l@ﬁ) ?%alnatl on/ G ound
rail to the rqmgeeﬁablﬁ&:@ﬁb@h@gmnp?dmceﬁh@em%tﬂhem—d@ﬁﬂhmd Mmm the Cable
sel ected. The., u n sel ec t

transm tted%‘aﬁ ?uﬁne Bhoer %.)Ba’gk ‘l‘%ﬁl}ﬂi Wfsqﬂ%in%g%fﬁltg%%@ﬂi Whereby one

pul se is, twoeaiesittht sgdtemto progidediRgbaictndmogneitiogapbititessed f or :

di scontilgui ties, or a continuous pul se, whereby regul ar pul ses are

transmtted providing nultiple reflections to be processed. Any faults and
or di sconti Mt idesesbedfsysterd inple do iﬂaﬁti‘{yeﬂﬂ wiadysé lemallGatd largerchangsupf abl e

fashi on. The_system all.ows for nult.i Elet 5198 kpgun ,and unknown
i npedance t 8B ance 10 I 2 Jre PRSI l?dl'f?ré?sgﬁ P o R’é)tﬁ%leg%tog% & ?ecw try has to
have a fi xedndeesdss(Thisdeadpad khe ability for a wide range of faulis being detected and -

analysed and monitored. Some of the dlagnostzc and prognostic capabilities of the

_.

=t

20 system include:

Signal o - - Meaning
-| No return reflection : 7 Cable correctly terminated, no faults
Positive full raﬁge' reflection Open Circuit -
Negative full range reflection | | Short Circuit
Positive/Negative combination full range at | Splice and/or Junction
specific location _ o
Positive Variable Range at specific area Exposed Conductor
Positive Constant Range at specific area Dielectric Damage
Positive Constant Range at variable area Water Ingression

Positive/Negative zero crossing at variable | Applied Pressure

| range

Positive Variable Range at specific location | Corrosion/resistance
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It has been determ ned that approximately 100 Chns is best suited to the
system al though other resistances coul d be used without2f56FRRE 209 v
affecting operation of 10 the system It has been found that a range of
75-130 Chns would work in this case. This resistance was found to give a
dynam c range/l oss coefficient when testing a range of cables with varying
| npedanceswoaemsen 25 Chns - 400 Chns. This neans t hedr/gsiA2ewt i on bei ng
recei ved back is sufficient and constant in width and anplitude in order

for the sysg etz(?sngcpeb. %tijiaiq%{'&ﬁﬁ%xﬁaﬁgﬂg)rHﬁ.ﬁ?}@ﬂﬁ%ﬁ&ﬁ&ﬁﬁ@&iﬂwﬁ-es' 15 The

described systemis able to identify anal yse small and | arge changes of
i npedance t Ghinsdréen shews irabthe Relgactonideton sygem fos s Rottileding Gs# ds ReH8 | engt h of
the cable B Gl o1 BRI bit il Qi v 4 db@nge of faults
bei ng det ec#@g‘?ggﬁ%%ﬁ%}%%z@ss@d&an _m)niS%_or ed. Sone of ‘themdi agnostic and :
prognost i ¢ oetsesbit. Thisiiedueds ingyfficienpipfopparion hripgieradut to Sl mealfng No return
reflecti gnCghl ep; ot ly-termnated, no faults Positive full range
reflecti gn@enﬁdﬁf%ﬁg Negative full range reflectionShort G rcuit

Posi tive/ Negative conbi nation full range at Splice and/or function specific

| ocati on Pogiti.yve y%ﬁd_%biréscl%@ﬂ"@ﬁtsgftes?%&l{sfﬁioﬁzt@s%&ﬁéﬁ@@ﬁ@ig%@dum or Positive

Const ant Range at’ Specific areaD el ectric Danage Positive Constant Range at
vari abl e ar BEwatlethown frabs sorsinudng siled toe /b been iapelicd e fukobae Beftat vari abl e

Applied Pre r aft SludibeY 8 wiRLARI oy 51ROt 2 BB Bih £ Circnit
IocationCor?(’?sﬂlE%rcl1 regl%gtance 1_0w12 Ige_cenbe_r 20305 VO 02/ 1,0141(])R§L]11
PCT/ GBOZ2P0288urberibguasesetcied by thc vseie (lusng eonsipuqys Real Timg Hestiger B i2on for an
airctaft retfachi : %ﬁg&mb ' Q81 Ba WBLid Rals tHaeaRet raction
Mot or systerrTr?%r St%gggg?q{lg ?an In Yée%"!r"‘%"f% ei ngg %Bul-l' tegt_edfl when t he
test was i niwitaeediring e teshthe vier tapddek abuscalpl dowuvsden (i4he RBudsg Segels

and trace of the fault. Figure 4 shows the output when no pulse is active in the Cable

selected and Figure 5 shows the pulse and its reflections depicting that a fault bas
15  been located. In this case the fault is an Open Circuit. -

Figure 6 showé selected Pins/Circuits of the Environmental Bay within the Port

Landing Gear being tested. Faults found are displayed under the status field together

with the Line Loss and distance to the fault, The system also shows two locked out
20  Pin/Circuits (numbers 3 and 4) and shows pin 9 as the current Pin/Circuit under test.

Figure 7 is a schematic block diagram of a channel of the muitiplexer described with
reference to Figure 1. The complete multiplexer may have any mumber of channels,
each channel having a corresponding architecture to that in described with reference

25 toFigure 7. In apreferred configuration, the multiplexer has six channels.

Each channel has a bi-directional, single pole, multi-throw relay configuration and

allows a bi-directional flow of data and power down 2 single pre-selectable path. The

multiplexer is controllable to switch a channel’s path for selection of both the cable to
30  be tested and the associated ground path for the path under test.

Each channel includes a pulse generator 100 connected to a load impedance module
110 which in turn feeds an 8-way multiplexing module 120 that is connected to a test
port 125. On the return signal path, the 8-way multiplexer 120 feeds a sampling unit

i N




not test it. This is due to insufficient information belg rec Sﬂqio
allow a proper test 5 of the Pin/ Crcuit. Figures 3, Af

screen shots of test results fromtest configured in Figure 2 Figure 3
shows that a continuous pulse test has been applied. No faults have been
found and Pin | Crcuit nunber 4 was Locked out of the test. In addition
Pin 1 G rcwdoa@4nunber 6 was sel ected by the user (deri/cEp/emst i NUOUS

Real - Time Testing) for a "Trace" selection being confirmed by the
background Rs@hli QRbaneditl & ABRMIGzb Akighli cofiRer(APE) ¥ 1118 ADE gSt the user
can | ook at a sc]? dnndown version ?)? F%hecou seé(8| ghal and trace of the -
fault. Fi gurennsctehiowsumhe of delpleiiseitresisiere Ll ibaary @sca@ﬁd panorpdeale Cabl e

sel ected angdyfdthe comalSwiiPmP i Aohioh fiE by B6 FPOAUARRIC! I NG Lhat a
fault has ?g een | oca ETWI EIS case toh y&ls an Qpen Circuit. '
Fi gure 6 shaibd rsf@twtt@a‘lgmeris/mswdmesrmresqnh@nmvmmmwbht sid@ags within the
Port Lagdi DRIy tested. Faults found are displayed under the
status field %%e(%%g?% with the Line Loss and distance to the fault. The
system al so shows two | ocked out 20 Pin/C rcwts (nunbers 3 and 4) and

shows pin 9Ix{3§:d%r*18 Giﬁévre%r}kasg#aﬂlle%ﬁl LARE SEhe El%eg%hﬁm&atﬁ ki a schematic.

bl ock di agram o annel t he | exer esc reference to

Figure 1. Th@@éﬁpﬂéh@’erﬁmh&vﬁﬂ@kwﬁm@mﬁ@%ﬁyﬂ putb ECBgfoadvdfinel s, each
channe! havidighofto G BRYPEHaRRIATE & hide aHFRapifed wi th
reference Eéélg%coolg}%r ure 7. I'n a pre ee‘r}?%{l Lo I?h %raefa‘:tdgn gh'%ﬁltl pl exer
has six 18 haﬁlﬁélssuseéaefrphemh nélterhﬁlsrela dyie mllisr: @emqr&sqranay i wrgd ol e,

mul ti-throwghdqy configuration and allows a bi-directional flow of data
and power dovvn a single pre-selectable -path. The nultiplexer is
controllable to switch a channel's path for selection of both the cable to
30 be testeg AndiNE 1RSSR E ShdHhQY trak er test. Each
channel i ncludes a}hpu ?e gener at or 1&&%132%%&%%&%%&2@% rrpedance nodul e
110 which in turn feeds an 8 -way nultlpIeX|ng nodul e 120 that is connected.
to a test [PRLLI25 On mSTY 8=way mnul tiplexer 120
feeds a sa ,{Bpnv unit 114% 0?15{ %Eenber ?Fg%}g[g% 83%401 PCT/ GB021 02694 130
that is cophgetlogedagcean abl opQems o di gt #%converter (ADC) 135. The ADC is

1.40.- + hat

connect ed ) of 7 oeta f-fset—tegi-sters—t40—+thatare described in
i T A A L

nor e det ai e _conpopents within e|channel are controll able by
t he FPGA d=EmIthdédss withitefefdhce to tFigure|%orPaahed ||i nes represent

control in Rrvem Orsusm SO id H-nres

= or< than
Supply Voltage 12 Volts +/- 10%
Supply Current 250 | mA _
Isolation 40 dB ‘1>or=to
Switching Speed 5. Microsecond <or=to
Bandwidth 13 GHz

13

Each channel of the multiplexer can be operated in the manner similar discussed

above in Figure 1. Each channel is only rcs;;)onsible for cables/contacts the 8 pins of

_ the multiplexer can be connected to. For example if a cable of 20 wires Is connected
20 to the test port — wire 1 to pin 1 etc, to test pin 7, channel 1 must be used and to test
pin 17, channel 3. A ground node 150 is a connection common to all channels. Any
channe] can assign 2 pin to the ground node 150 via suitable routing in its multiplexer.

 The ground node is then used during a test as the refurn path. Selection of the most

12



5 represent data flow. In order to achieve a reasonabl e anal ogue/RF

per f ormance, the pul se generator and sanpling unit havé2Dgceraber 2008 ct

performance and position on the PCB board with respect to the nunber of

channel s. ‘I n one exanpl e, one pul se generator and sanpling 10 unit is used

per channel. Alternatively, one pul se generator nmay be used for all

channel s. moanoeanpl e, the performance and char act era¢etBozasmf t he

mul ti pl exer is selected as: PropertyVaI ueUni t Tol eranceComment | nput

| npedancel0 gggﬁg 1.0 Qe sh/ % 0ss1dB= or <

t han Reverse §@${8J%9rﬁo 1an BDP Vol tagelzae tasu+ 10%gest°ppl y :

Cur r ent 250m&iguesol.- M@ﬁﬂ@cﬂﬂﬁnmﬁﬂ qh@ﬂlﬁmaﬂ@hwwdstpé@dgmm%é@&m< or =to

Bandw dt h3 din the
Gd?ouﬂ‘cguolc:}@mef %aaﬂ%gén kit f’@p@&iily d&n%&g%é@s& HAAbIP R b‘BFPé%{e&‘ise

manner simnilfar di scussed above in ach channel is only

responsi bl e rduéd te abAowling emt; the caple selscigd githasrein pathierawist to the ereend can be
connect eq tg_)md ag&alp&ﬁg%b@eslafel&ﬁgpénewgﬁmzo wires is connected 20 to the
test port - wre 1 to pin 0 test pin 7, channel 1 nust be used and
to test pin 17, channel 3. A ground node 150 is-a connection common to all

channel s. wvalmfrpta@bhﬁlm@%&%e bnde o i@ AUAA R cf%t'ﬁQr via suitabl e

routing inits nu I"'exer ke en use a test as
the return pathithe @é@@@tﬁ@ﬁolﬁlﬁcﬁtﬁh@lms&dt@%hl@h@edm b2 0e8, WBEOZI 101401

PCTI GB02/ 02@%?i fglglgrtwm@;& glﬁr 5 6‘512 %yﬁ%ﬂ&tﬁﬁwﬂﬁ?ﬂ%eﬁg en - di scussed

above with reference to Ins o nnel can be
routed tl@ t Eecoureresd mﬁ@lmgnEyplculsahhnevalgqswad&maétqﬁooIC&tns Htiligng open

circuit. Tylmte%i hﬁ’al ft%ﬁsre vsl@eaam{n IQtﬁaeso Sagw glouted to a

sanpling un eca ese cted asthe rn pa outed to the
ground 5 n etiece mpedaiice lso?ish@d tedlgiaé Bnpgdanct e, thasqlmp@focﬁh@ ameuntof

transmitted energy or voltage at the line is:
Z1{Z,+Zy) :
15 Therefore, in the case when Z, is equal to Z; 50% of the source voltage of the

reflection will be divided in 2 similar manner .accord:ing to Zs/ (Z. + Z) and in the
case of Z, equal to Z;, 50% of the reflected pulse is “Received” at the input circuit.

These two ratios are then multiplied to obtain the overall efficiency (the dynamic
20 range of the signal returned) of the multiplexer channel circuitry in terms of voltage
transmlssmn and reflection and the degree of variation expenenced with various load

1mpedances

In the case of Z, = Z; taking 50% (0.5) and multiplying by the received efficiency
25 results in 0.5 x 0.5 = 0.25 or 25% efficiency for the ideal case of Z,= Z;

In another example, taking an expected extreme of 25 Ohms, a transmit efficiency of

25/ (100+25) = 0.2 (20%) and a receive efficiency of 100 / (100+25) = 0.8 (80%) is

obtained. Multiplying both transmit and receive efficiencies gives an overall transfer
30  efficiency of 0.2 x 0.8 =0.16 (16%).

Taking an extreme of 400 Ohms for the load impedance, é.tran;mit efficiency of 400/
(400+100) = 0.8 (80%) and a receive efficiency of 100 / (400+100) = 0.2 (20%) is

13




A value of 100 Ohns is used for the inpedance of the nultiplexer circuit
together with the matching interconnect circuitry. Al tHkseembeict002al ues
may be used, it has been found that this val ue provi des superior
performance with val ues of inpedance 10 encountered in cabling. Typical
cabling values range from25 to 400 Chns. Uilising the potential divider
concept wheveon2uoltiage at a point is the source vol t agecMepnzbdsss sour ce

| npedance is Zs; and the Load inpedance is ZL, the equation for the anount
of transmt ngr r val. |i L& /. t 15

Ther ef or e, i%};ﬁgﬂ% @%‘%ﬁa eh kﬂﬁggﬁggﬁﬁgﬁgﬂ)@% E%%e%' t%v%ggga%sg% vol t age of
the refl ect effiiewybf 0.0 080 18E5%)N a sim | ar nmanner according to Z, / (ZL +
Zs) and in the case of ZL equal to ZS, 50% of the reflected pulse is
"Received" at the input circuit. These two ratios are then nultiplied to
obt ai n t he olteamafhiis tefstingthat tieyselédtlon ofii00 D imPdance pkavge wifle tzhge ofi gnal

r et ur ned) .. of e Ltipl.exer .ch | cireultry i r B35, vol t age

transm ss?onloan]aﬂpre eég%b%)é%s{egr?%ﬁ lﬁqgmﬁgtﬁ:r eéﬁ:)ef%\gél?a?stgt?f’@w%%eri enced with
vari ous | oad inpedances. In the case of ZL = Z, taking 50% (0.5) and

mul tiplying e recejved .ef f.i ci.en S ults i . = 0.25 or
25% ef fi ci eng%e ?0(139 ese'i"m&gséldgsgﬁﬂseealg?n% %ﬂ d -Feﬁgnéiu(%% ﬁl%e;a %xg‘ﬁﬁ’t’%‘?rﬁt aki ng an
expect ed extmeeiomf 25 Ohns, a transmt efficiency of 25/ (100+25) = 0.2
(20% and a receive efficiency of 100 / (100+25) = 0.8 (80% is ' obtained.
Mul tiplying both transmt and receive efficiencies gives an overall

transf er 10 30Catdliting &Bigy” of “Axnl'XnPedgnee 0. 16 (16%) . Taking an extreme of 400

Chns for the |oad inpedance, ajtr i ffjciency of 400 / (400+100) =
0.8 (80% and a receive effici eZtnc@ o\ﬁ‘bylgg /‘}°f400+100) = 0.2 (20% is 13 12

Decenber 2005 WO 02/101401 PCT1GB02/ 02694 obtai ned. Once again, multiplying

transmt andwilerc_ei ve efficiencies gives a transfer efficiency of 0.8 x 0.2

= 0.16 (169 . It can thus be seen that the selection of 100. Ohns | mpedance

allows a w d& r amghe @mble ubpedamel | npedances to be tested without dramatically

affecting.trgnsfer, eff.icjiency.. The foll ow ng sections describe al gorithns
Ys L TR % laesle ésfdf?gln5¥eé§t8

and t echni ques uset h ht invention: 10 Cal cul ati ng "Start" or

"Actual " | npégdandshe height (in Volts) of the raw pulse generated before the resistor
Vo, is the height (in Volts) of the outgoing pulse as captured at source

By locating the time at which a reflected pulse reappears af the source, a profile can
20 be built of the discontinuities that the signal has encountered as it propagétes along
the cable,

To transform the measured impedance from the time domain into distance, the
following equation is used:
25 - d=cvt

d distance (Programmable value, e.g. lmm or 1foot 1Km etc)
c Speed of light in a vacuum (2.00 x 10(yms -1 )

30 v Velocity factor of the conductor
t Time taken for the reflected pulse to return to source

The velocity factor (VF) number of a cable is determined by the dielectric material

‘that separates two conductors, In coaxial cables, it is the foam separating the cenire

14




Z=(R*V.)I (Vg VO) Where: Z is the cable inpedance 15 Ris the
series-driving resistor Vg is the height (in Volts) of tlR&eacgmbgufs
generated before the resistor Vn is the height (in Volts) of the outgoing
pul se as captured at source By locating the time at which a reflected pul se
reappears at the source, a profile can 20 be built of the discontinuities
t hat the siwpnaholaas encountered as it propagat es al ongcridsveomabl e. To
transformthe nmeasured i npedance fromthe tinme domain into distance, .the

followi ng e | ' o . G = 555{’ ' r ammabl e
val ue, e.g. %gﬁlm&tgwﬁ%&%%g%r%&gfs%e mig:tgr%}]:)é% 0 glt?egﬁlf &fhgg%g%g@f u?n (2.00 x
10(s) ns - z i a g@uwym iYdBGEGtmyilel persepond thig spesddongpressttod byt theniwrber bdkn for the
reflected p : r.et r Ty ' el Vecgtimber of a
cable is de?’ ItehP% 1%1%%13 ageyﬁq‘{}égog? %%teécvfi?ﬁ ac{)ﬁng%/gérs?vqu&/t{%%# ggel ar gl%tge’jgyltIJ t wo
conduct or s. therspeedax light). betlyisted pair ¢ables, ittihthe plastin thab pperates thecablee ttobnt re 14 12

Decenber 20 Qgé &Sf%ﬁ er sheath is
t he mat ersi a?étgg\?eetr m ni g%%%ﬁ%%%%ﬁé&%qﬁﬁgﬁs \?Pir’]ﬁm;é&\%ré%%m is 186, 400
m | es per ségtmd, inflivheeddpmber fagons epmbes em tedplyyeircia® stueiipeso an et ot her
signals are ' a, . 48 1t si gnal at
85% the spgglj(ﬁ&\(‘)%g P%g%@)b.%%?&r{%f E\'vé& ?P%%V%%F’gm(%%%ée% cg)e% %O?E%gap astic that
separ at es t idue odlisifest thatibdoesngt mettiis “dwtedalbeimesrgiwb aortdostors Myitariacabl es cone
with a manufacturers VF, however, this factor is influenced by. other
factors such as an exanple aircraft structure so an error percentage needs
to be addr eJseddresFtheseaohionseio dElemghethe YF dorwi calde shyersl diffarinplevels af VF due to

the fact th | t..the i tors”
criteria. 1 ogeegg rglgsélgt g‘ﬁ%'dbéeggg Séa@?eelf%ﬁiéé‘?@é%%m%%se%gﬁ% a cable
several dif rerigadad efmétonof time giue eivwied foabedk dutwvear e peked andadtateli f f er i ng
sampl e | engihs alRBtul."? il GehACih Y SudbB8B as doscrived above with

reference to Figure 1) and the same process is repeated. It is accepted practice that in

15  order to establish the VF accurately one must genezaté reflections from Open and
Short circuits and not Correctly Terminated Cable. However, in the system according
to the present invention the latter is not true because it has such a high resolution and
overall dynamic range even small reflections generated by Correct Terminations can
 beused in the determination and verification of the VF.

20 |
A set of time delay offset registers is used to increase sampling and therefore
resolution. During testing, a signal pulse is iransmitted along the cable to be tested.
The cable is.monitored for signal reflections indicative of faults. Normal E.ampling is
performed every 250ns giving a resolution of 3 or 4 cm. However, when ﬁ signal

25  reflection above a predetermined threshold is defected, the time taken from
transmission to receipt of the reflection is recorded and a further pulse is transmitted.
When the recorded time less a predetermined amount has expired, the delay offset
register is tﬁggered.,The delay offset register samples for signals on the cable at a
higher quantisation than previous sampling and therefore can identify the time of the

30 reflection (and therefore its location along the cable) with a higher degree of
resolution. Depending on the system configuration, this step may also be repeated a
number of times using further delay offset registers that each increase sampling rate
and therefore resolution, each narrowing the range in the cable in which the fault is

likely to have occurred.
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averaged as a function of tine thus allowing to check between the -actual
and stated VF. Additionally, a Gound return path is ed2&iscPahed2q0as
descri bed above with reference to Figure 1) and the sanme process is
repeated. It is accepted practice that in 15 order to establish the VF
accurately one nust generate reflections from Open and Short circuits and
not Corr ectweozereri nat ed Cabl e. However, in the systepacsooming to the
present invention the latter is not true because it has such a high
resolution and overall dynam c range even snmall reflections generated by
Correct Terminations can be used in the determ nation and verification of
the VF. 20 /A arsetmplf, 3 delay ofetageisdrs &’etﬂseﬂe@ia@?éﬁ@ 40§ Wieadwe Wgicr ease
sanpl i ng andt : t l.pul se is
transm ttedqaldga%%taﬁ%ﬁggg{ gﬁfﬂoye}eeﬁ)?l ste 11%23%1%@ e)“?}sgsfﬁog%?taf)esed for-
si gnal refl ebinghs indicative of faults. Nor mal sanpling is perforned
every 250ng esorutiong A—Cm VE i i gnal 25
reflection %H eé%etp det er i ned ‘P‘ﬁ'ﬁes%(ﬁ dis detecmgff.x\%éﬁdéhﬁﬁﬁe taken from
transm ssi gn tOCO@SBEI pt of the refllfé)om on is recorded’-Smﬁtesa furlt her pul se
is transni tited- WWrern—the ICLU'I_UC Irl‘:: Fess—a 1CUCL!:'1 ned—anount has
expired, the del zﬂ offset reqi Stelﬁtil S triggered., The 8%:I ay ofif set
regi ster scmpl @dtrdfme si gnal s on the7lpable at a thigher.igmantisdtion than
preVI ous II|JI +H6 Ollld therefore—can—dentit Y th t+re—ef—the—3 refl ection
(and ther5ef ore its location along the cable) with a higher degree of
resol ution. Depending on the systemconfiguration, this step may al so be
repeated a hunber of tipes usi.ng further del ay of f set regi sters that each
i ncrease sa%{g@%’ﬂ&g‘%—"kg&fﬁ%%ef ore resolution, each narrowi ng the range
in the cabl &hé exashamdunt bﬁsifgﬁallréﬂeic&d badkk®| e seurdtals ecaldaic the rreftbeticks 12 Decenber
2005 WO 02/101401 P%I/CB | n_an. ex ghdel off eih regi sters
e At ;

are used: CEYFLEM argglersiGIg Cable with a
Vel oci tleFaﬁipmﬂaméatﬂﬁ%sbmqul owing results are obtai ned. DeI ay of fset
t ypeQuant i sati onApprox Resol uti on Coarse250ns28 netres Fine0.977nsllcm

The reflection coefficient is defined as;

T=(Zy—Z0) / (Zo + Z)

15 Where:
T = Reflection Coefficient = .
Zy, = Discontinuity Impedance

Zy = Characteristic Impedance

20 Some common relationships are:

Zi=7Z, T=0 Correctly Terminated
ZL=w T=+1 Open Circuit

Z.=0 T=1, Short Cirouit
Z1>Z ©0<T<t1 Partially Open
Zy<Zy -1<T<0 Partjally Short

This is performed anfomatically by the system as a function of reflection width,
amplitude, distance and time.
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Utrafine9. 77psl.lmm5 Determining T e o Discontinue The exact anmount of
signal reflected back to the source is called.the refl ectdBecembeeRbdTi ent
and depends on the characteristic inpedance of the conductor and the 10

i npedance at the discontinuity. The reflection coefficient is defined as: T
= (ZL- Zo) / (ZL + Zo) 15 Where: T = Reflection Coefficient ZL =

Di scont i nuiviyezhomadance Zo N Characteristic | npedanceci2€eid0r®s comon

rel ati onships are: ZL= ZoT=0Correctly Term nated ZL = aoT = +| Open Circuit
ZL = OT=-i.Short Grcuit ZL > ZaO<T<+1lPartially Open ZL < Zo-1<T<OPartially
Short This is perforned automatically by the systemas a function of :
refl ecti on Re@ltehce Tr@mpl i t ude, distance and time. 16 12 Decenber 2005 WO

02/ 101401 PCTI GB02/.02694 Ref erence .Trace Pr. or t erf. ' ny anal ysis a
reference t%%reoipserf?né%negnmgyang[gsésn%iferilﬁegmg%rﬁﬁcs?sls %lfgn B%E%%g%%%grﬁ%e of the :
cabl e corr eshbly distned ofahe chbleBprati terambted Byt ubiractigthe nefgence dree 5 from
subsequent scans, _any, DC of f seand qr predjctabl e nojse.can . be elimnated
pri or t.ogs u%rglgqsl‘} 0 u%tr 0Ees %ﬁyﬁ‘g& ‘e'hitssan:‘;ismr E’?ﬁ%c%aﬁ{?lnglrs fanuiéeeelu E"“:’rfl1 a Power

envi r onnment puidrés sibseqeencprbéessings not correctly termnated. In this instant

| npedance m smat ches occur throughout the length of the 10 cable due to the
presence of devices such as notors, relays, switches, lanps etc, but are
accept ed as Thisiinppripatatly gbefithin aVBowkn agireamentrwienetht cabByissobemieetly t he cable in
a _

terminated. In this instant impedance mismatches occur throughout the length of the

10  cable due to the presence of devices such as motors, relays, switches, lamps etc, but

are accepted as being part of the working environment. By scanniné the cable in 2

. known faultless state and subtracting this frace from subsequent fraces, this aflows
further processing stages to concentrate on detecting only new faults. |

‘15 Hysteresis _
Having captured a reference trace, the cable is scanmed using the previously

mentioned course, fine and ultra fine delay registers.

A hysteresis algorithm is used to determine fhe approximate location of the reflected
20  pulses. A number of thresholds are set to determine which is an actual pulse worth
investigating as opposed to Noise efc. The thresholds may be adjusted to take into
account characteristics of the cable/device being tested. At this stage the Peak
. magnitude and Polarity of the Pulses is determined, and stored for vse in later
algorithms. -
25 ;
C’entre of Mass _
Whilst peak detection using hysteresis would produce acceptable results, losses in the
cable have the effect of spreading the concentration of pulse energy away from the
cenire of the pulse, thus reducing the sharpness of the edges of the reflected pulse.
.30
After determining the Jocations of thé pulses using hysteresis the centre of mass (or 1% '
_ monient) of the area about the suspected pulse is calculated to determine a more

precise location of an impedance mismatch and or impedance change. The addition of
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known faultless state and subtracting this trace from subsequent traces,
this allows further processing stages to concentrate oi2&ece®dpendd®Bnly new
faults. 15 Hysteresis Having captured a reference trace, the cable is
scanned using the previously nentioned course, fine and ultra fine del ay
regi sters. A hysteresis algorithmis used to determ ne the approxi nate

| ocati on ofwddaomaf | ected 20 pul ses. A nunber of threshoodses e set to
determ ne which is an actual pulse worth investigating as opposed to Noise
etc. The thr ' . ' C shapacteristics
of the cabl éﬁ gg&g&g@g@#ﬂ%ﬁ@%%ﬁﬁ:ﬁ% 68&#%%“%&3%8%%2&3%%&0 magn?t ude and |
Pol arity. of thdspreRiibfdirssigngl agé fogrsad in enlthe dngetiog contaning weximume eiergyt at er

al gorithns. 25 Centre of Mass Wil st peak detection using hysteresis would
produce acceptable results, losses in the cable have the effect of

spreadi ng t KOMexcenht/atXBne+0f pul se energy away fromthe centre of the
pul se, thus reducing the sharpness of the edges of the reflected pul se.

30 After “determifrhg the Tcations of the pul ses using hysteresis the
centre of mass (or |Isr nonent) of the area about the suspected pulse is-
cal cul ated kg determne a nore precise location of an inpedance m snatch
and or inpedance change. The addition of 17 12 Decenber 2005 WD 02/ 101401
PCT/ GB02102694 5=hrsvalegopiitedem gi ves us a nore accurate position

measur enent .as it i .t spread of the signal and focuses
in on the Ict)cati o%%%%b%aﬁaﬁgggﬁ%ﬁiﬁgg rgy. COM = EY (t+i) i [/ | ZY (t
+) i =010 i N, N ¥\Bammes to pulee tiiiliagelgval ue anplitude t = Sanpl e nunber about
pul se leading edge 10 N = Sanples to pulse trailing edge Cross Correl ation
Functi on : '

Cross Correlation Funciion

To add further accuracy in determining the location of the pulse especially in a noisy
15 Environment, namely to establish an exact location, a cross-correlation algoxithm is
used. Cross Correlation provides us with a measure as fo the degree of similarity
between two signals. For two given sets of date, x and y the cross cormrelation is
defined as: i
20 ny=1NIx@YE

i=0,N-1

This equation gives us a single measure as to the similarity of the two signals. A
positive sum indicgtcs a positive degree of correlation. If the two signals are

25  completely uncorrelated, the results are clese to zero.

In order to use this equation more effectively to determine the location of the pulse we

need to introduce a phase shift to one of the signals, as the following equation depicts:

30 n()=/MN) Zx@ydH) j=0N-1

i=0,N-1

By introducing the phase shift we obtain a set of data points 1,y(j) which we can scan
to find the shift corresponding to the maximum leve] of correlation.
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To add further accuracy in det erm ni ng the Iocat| on of the pul se es(%em aIIy

in a noisy 15 Environnent, namely to establish an exact!21Rgegmbgn20
cross-correl ation al gori thmis used. Cross Correlation provi des us with a
measure as to the degree of simlarity between two signals. For two given
sets of date, x and y the cross correlation is defined as: r1 20 r,,y =
(I'/N) I x @wgozgoige1) i O N1 This equation gives us a BiTngeomBasure as to
the simlarity of the two signals. A positive sumindi cates a positive
degree of. correlation. If the two signals are,. 25 conpletely

uncorrel ated, the results are close to zero. I'n order to use this equation
more effect |Qre$SyCQr@1aﬁem epiibp equith ecompeteiiongly mefficia qusecawaume’ed to

i ntroduce a B@@@?g; Eﬁ{mﬁl gnals, as the 'follow ng equation
depicts:. 30 rry{] mléﬁ!?#\rl? %Qﬁ ?i‘ y +3) 'J=O\|-1 i=0 N1 By introducing

t he phase shift we obtain a set of data points ry(j) which we can scan to
find the shifl,cap 1 to the maxi mum | evel of correlation. 18 1 2
Decenber 5500‘3'6) V\%’I@S}S%ﬁ%@gPCﬂ GB02/ 02694 Cross Correlation can be quite
conputationally inefficient so vve can inprove efficiency by electing to
use an FFT Lithm 5I’,,(j) (I/NF"" {X(-k)Y(k)] Where: F = Inverse
FFT X(-k) = T( k) 10 Y(k) = FFT( k) The FFT equation is functionally
identical i resuFltvellSQ)F%e original equation but requires only (N12)log2N
oper ati ons B&E FEfg (Qze conplexity is further reduced by pre-calculating
the reference function X(-k), thus resulting in a conputational 15

conpl exi 1y of(kNI T)EENkbperatl ons. This reduces the conplexity of calculating
the sequence by a factor of a thousand. The apparatus of the invention has

been described above for use.i n dct ecting various conditions in
transni ssi orfbprddil sgquation Hs dmciiqrelly ideaticshir teswdf tocthé tosiginglsequatioh tas j unct i ons

requires only (N/2)log;N operations per FFT. The complexity is further reduced by
pre-calculating the reference fumction X(-k), thus resulting in a computational
15 complexity of Nlog,N operations. This reduces the ccmplexity of calculating the

sequence by a factor of a thousand.

The apparatus of the invention has been described above for use in detecting various
conditions in transmission media, such as open and short circuits, as well as junctions
20  and other conditions. ' '

However, as a result of the various platfofms that the system design can be applied to,

the system lends itself to being integrated into a Circuit Breaker format whereby pre-

‘ arcing conditions and pre-arcing location can be identified in a Conducior / Circuit
25  before a full blown arcing event oceurs. Pulses are sent out continuously either at
predefined timed intexvals and/or event driven. When an arc starfs to develop either

by the conductor rubbing against a metal structure or by two conductors against each
other, the system detects “Short Circuit” reﬂcctions -as a function of time. With a pre-

arc event there will either be a succession of rapid short circuits or periodical short

30 circuits, which are continuously logged and processed by the system. If many short

c1rcu1ts ocour in the same location the system identifies this as a pre-arc event.

The system also has the ability to monitor the reactivity of various Heat Sensitive

Cable Sensors such as Linear Heat Detector, Firewire, Thermocoax either as an
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20 and other conditions. 'However, as a result of the various platforns

that the system design can be applied to, the system | dA&SCENRYI400P0 bei ng
integrated into a Circuit Breaker format whereby pre- arcing conditions and
pre-arcing |l ocation can be identified in a Conductor / Circuit 25 before a
full blown arcing event occurs. Pulses are sent out continuously either at
predefi nedyd (RNt erval s and/ or event driven. \Wen giygHe€osdarts to
devel op either by the conductor rubbing against a metal structure or by
two conductors agai nst each other, the system det gcts "Short Circuit”

refl ecti ons mgidegl s0506 P SPRPOE sqpore Whp fhg sépsqs reacts syoh thal IR IMRefAIPS Wi | | ei t her
be a successir@ ghsor iheks StHOSkteidests this, BEatdd G dn@eioGiddrs BhBIthe e Ci rcui ts,
whi ch are continuously Togged and_ processed by tggr ;ﬁ/‘?tem | f rmany short
circuits oc&fﬁﬁ%m@ﬁﬁt%ﬁgﬁuﬁéﬂ%@i%_d@%‘%%ﬁ%ﬁ?@P e RS as” a pre-arc
event. The sysieM RSP albd s B4R abilitywhkPusBDRith HThdriSoheRd detof Y Of vari ous
Heat Sensitive  Cable Sensors such as _Linear Heat Detector, Firewre,

Ther nocoax b dpteqt andsreepsd sugh smalbehanges of impertynce\Nfhaihe gepaqs thabeditsclpo2/ 02694

i ndi vi dual  SEBSOhiPEn BE ublited SRRSO oimat YRR thik§ CRRI $eatt BEIBdgRees UCh that the
i npedance of that" sensor chan%gs, the systemdetects this, locates it and

moni t or s i t . Calqinsichamee Y4t thisfata Theisysiem ¢ap gfodyrs e dRimensipallhamiognapyy i ve

di rection ang,,sResfufinld disMydedcor tenperature change in Real -Tine. It
al so has the ability when used with a Thernocoax type sensor 5 to detect

and record such small changes of inpedance within the sensor that a direct

rel ati ongfi prigafstis BnkAkl indhae Vdhabie RuBest SrBisu placsssesamy refd’s per rate
of Degrees Cel Cius change. Wth this data the system can, produce a 3

Di nensi onal TREHemS g casiens roRtinih Praadies 4By aulsy 931 yeeEaYrl ¥l B9 - The system

"gener at es apdshEfSad AEARRE BadkUh 38 SuRfichs AereFdi6 haRin® UCEERH! I €t urn
reflections. In the case of nultiple branches, any pulse that is generated

will be transaiietone s Wentify whirk sifdee Faltis loppted) n this Sysiemy %0 PREHOBS or e maki ng

it di fficul tpryiacSieg nfolnbabRlid adirBfgne ARt GRS i Ykl besd Seathdm, fault is
| ocated. In this system two functions provide key information in

det er nmi nlng st phedpnggh efipacly individus] deanchhioasther Hathtlefimed genesationaad |y t he

l'ength of egghielsigopiAidat pﬁraﬁsaﬁd?ageﬂstimgsmtﬂ%rm&pgé IPdsegaagLAL i on and
processing of variable pre-allocated pul ses is posSi ble. For exanple, a'

pul se wi dt h ¥ps caghpased dor AeRight &lmd benching apg ypwlserpiat spy ef20ms Ryalhnd a pul se
wi dth say ofr.3Gfsd G@ﬁchﬁ%{jwmhs%ﬁ ﬁadTﬁE'QiIPJeag@&Pdtéa&nd Whkdist dodhlan Bbsses wi Il be

generated and reflected down all sides, ) ) o ‘
by predetermining which pulse widths are assoclatgd with which sides of the

20 instailation ‘and processing the reflections accordingly provides a means of

determining which side.

The system of the invention provides the ability, using a static pre-defined hnbedanée,
~* to process varying cable types and varying cable impedances within the same unit,
25  and to locate, interpret and identify various faulis in these cables. The system enables

“a “single core” wire with no known impedance to be identified and the impedance to
be caloulated. This “single core” wire can have no known return path, and the system
can, from the calculated impedance, work out and assign the best-known return path.

Automatic allocation of the correct circuit path for the wire can then be carried out
30  with to enable for faults. '

The apparatus can be used with AC/DC power or data being transmitted in the cable.

0



by predeterm ning which pul se widths are associated wth which sides of the
20 installation and processing the reflections accordi ngBWesempeiRid5s nmeans
of- determ ning which side. The system of the invention provides the
ability, using a static pre-defined inpedance, to process varying cable
types and varying cabl e inpedances within the sane unit, 25 and to | ocate,

i nterpret aoabzidentify various faults in these cabl esecTiémeyst em enabl es

a "single core” wire with no known i npedance to be identified and the

i npedance t oThebp&@hs bndeOed HMirSvideSi Bk dqﬂg : c\@‘rﬁa@dﬁ%ﬂ (G0 knOWN
return path, and the system can, fromthe cal cul'ated i npedance, work out
and assi gn t$lassSamesssidpstabiationnApamptic tesing ofifas impedahdecnf fittéremmest t he correct
circuit pathefdifis j ‘ Ik i enabl e for
Faul 15, The araes ol B e Bal e S A R o Wl ore il .
transnitted 38 ahEruad|/cRetyry prihs mae albdre Reteb fwOaoly 161 debnR@T GB02/ 02694
The apparat UggGddlioe used to provide a detailed i npedance map of an

I ndi vi dual Cable or Harness or Installation. Automatic testing of the

i npedance of Interconnect GCircuits and Interconnections for damage can be
carried out h8laghdufslih bo lfiftel Myl isdaward Pl o QfMls Koty N paths can
also be tested for faults and perfornmance egradat 1 on. € apparatus can
be applied tW@eirLpg Bladormsy diiheatiqny od damege of diowvalr Intstfece Siblesvarebe Oper at i ng
Platfornms. Asdgenticity and damage of actual Interface Cables can be
tested. 10 21 12 Decenber 2005 Clains 1. Atine domain reflector conprising
a transmbter for generating a test signal, a nultiplexer connected to the
transmtter and to a test port, the test port having a plurality of

out puts, each being connectable to one of a plurality of transm ssion
media to be tested, the nultiplexer being controllable to cause routing of
signals fromthe transmtter to a selected output of the test port,

2




characterlsed in that nmeans is provided to determ ne, select or confirmthe
return ground path for the sel ected output port, and i nl2kgcenter 2005
reflectometer further conprises neans for analysing reflected signals
recei ved back fromthe transmssion nedia to be tested and the return
ground path thereby enabling inpedance changes along the |length of the
transm ssion nedia to be determned and the respective distance to the
inpedance(ag%nges for transm ssion nedia of known and unknown i npedance.
2. Atinme domain reflectoneter as clained in claiml1, wherein the circuitry
has a fixed inpedance for all nedia to be tested. 3. A tinme donmain

refl ect onet ep tige dendin rﬂ%TQctbrrboﬁJpﬂélﬁQ a?tradéﬁvﬁl'é?foﬂgén@%tnﬁd é‘t@ﬁl s!gﬁﬁeﬂﬁrﬂlﬁﬁexe\' S an
out put i npedan nmeter as clai ned

R NS 1 e fasTos, ST B okt po. e e AT BT < i AP P20, i,

5. A ti nme wigwemerteble brdnemes piurality ottransmscion mediajo hertegteiithagnutivkken  wher ei n
t he rreansoefng@oﬂrbﬂéme%ragus@%dt.ﬁ&&f%@bnafs%a'tﬁe ERERIES hREIPEARANGENS O be

det erm ned transm ssion nedi a connected to each test port output. 6. A
ti me domai'fftP*| ectoneter as clained in claim5, further conprising means
for determ ni nghardetarised v tagiShdSRd lgprdmwduaumrmmetméoedr corififm tieansm ssi on

medi um caonpected to er test h VI clo d i npedance

for use adeq ™ 8?80#’183%3?’&9%55'&%" ngp“ P gg'bhﬁ?ﬁ‘er cg‘ﬂ?%%‘éffc"gﬁ fas cl ai ned

in any pr &mmﬂins$ eleansior ﬁhﬂilﬁé’l&g’ refléﬂ@ﬂ%lgﬁhl@ge@nﬁddlba@k frbiy: thé trhhéfﬁssndlgl)g)é
enber turn

of f set C r.o by threshol whi ch | Dec

gener at e %I“ﬁ% ‘?to§%ﬁﬁnidgﬁe ?%‘ﬂf@@f%’& %%g'ﬁfﬁqyrﬁﬁ'a ‘Wémﬁﬁﬁﬂnc&lcﬁgf‘%ﬁdl ff er ent

\(ljlvlh stance Lm@ the Ita?th (&thé\triémSﬂSﬁssi@:ﬁTﬁlelﬁlartebeQi@t@ﬂiﬁfedrand$he£#e@pémﬂel n fcl aim7,
ereint neans . f or nal ysing r ected signals sets a er o

thr eshol GERIRRAIS S GRERaTRATERgRs. dul B S eREgbede oF QB EndSMRAOWS e domai n

refl ect omampedarrec! ai ned in any preceding claim wherein the neans for

anal ysing includes an algorithmfor initially determning the | ocation of

the reflected pulse or pulses and for confirmng that the pul se or pul ses

represent 2a Aaire donhdin tdfleclorrbet isShidBd Meclhifh 1, wherein the circuitry has a

fixed impedance for all media to be tested.

3. Atime domain reflectometer as claimed in claim 2, wherein the fixed impedance
is an output impedance of 75-130 Ohms.

4. A time domain reflectometer as claimed in claim 3, wherein the fixed output

impedance is approximately 100 Ohms.

5. A time domain reflectometer as claimed in any preceding claim, wherein the
means for analysing reflected signals enables the impedance to be determined of
transmission media connected to each test port output.-

8. Atime domain reflectometer as claimed in claim 5, further comprising means for
determining, for a transmission medium to be tested, the transmission medium
connected to another test port having the closest matched impedance for use as a

ground return path.

7. Atime domain reflectometer as claimed in any preceding claim, further

comprising a plurality of time- dela.y offset registers controlled by thresholds which in
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10. A time domain reflectoneter as clained in any preced| E?ﬁﬁel aim wherein
the neans for analysing includes a centre of mass al gorlétipgeember 2005
determ ning nore accurately the |evel of inpedance change. 11. A tine
domain reflectoneter as clainmed in any preceding claim wherein the neans
for analysing includes a cross correlation algorithmfor nore accurately
determ ning the location of a pulse or pulses. 12. Atinme domain
reflectoneter as clajinmed in any preceding claimdesigned as a fully

i nt egr at edUAGSReraigdiffarent $AMRIHEEFRS. ree"lchég'inﬁ}‘ﬁ% "gte %fg"'gl"&lan‘ﬂ@afaﬂ any

pr ecedi ng d;étamd@,%m@ttbncan be used with a transni ssion nmediumthat al so has
AC or gwe‘{ dat a b? transmtted in the transm SS|on medi um at the
same t| me H‘é‘etdéﬁla‘rl & %céf,)rﬁ@ter gD RamRadin claim 7. whereipehe SIR3NA 'ef | ect omet er
as cl ai medhnalysing YeficReafinag sdiah RumbeF éhBlesh@@IWRicE trrggerr@@rtﬁné @siapr ovi di ng -
an i rrpedanife ﬁg of an individual cable or harness installation under

t est S ISt¥6hai n refl ectometer as claimed in any preceding claim
further conprising a receiving circuit connected to the nmultipl exer, the
mul ti pl exer, bein controllable to route reflected signals fromthe

sel ected oft p‘h%lmgﬁom@@ eflecdtproptigas elpimed ip a“%ﬁ@cﬁﬁ'ﬁgtcl?é“sr“é‘@%?% PR circuit is

connect ed hfeafs &ﬁ@ﬁé!?sﬁ@ﬁmcmﬂbglaﬁ'arg@)mrﬁn if09fnltlaﬂsﬂﬂﬁbfrﬁﬁmeﬁ@Io\ﬁﬁﬁbrﬁéfgﬁhﬁ' s. 23
12 Decenber mai n_ refl ectoneter as cl ai ned | ai m 15,

further coF&S'fze Fﬁgés or pifies 6n4j o canirafgehatie Byt PblP“'f??ereH[ﬂS?th Wk to
determ ne gnte @ahshissishnfedgnal routing paths fromthe transmtter to the
sel ected output, wherein the controller is arranged to accept an input

sel ecting the output to be tested, to control the nultiplexer to establish

a signal rootA fie Baindinl refsBiémiatet A2BGIMEd iR any BrecBEing elaffh titbreUfP UL |,
determ ne and establish a si gnal routing return path fromthe sel ected

output  t oMEABS IEEBRIVEIRG NElupER A centie of 'Ra% @i@ortifamﬁwqt%"m"@ﬁsmer as

cl ai med i nagdupat8iy Hfe |ef,¢;rovh@‘59dgg@5h§~jg@g a ground node (GRND) connected to
the nultiplexer, wherein the nmultiplexer is controllable to route signals

fromthe transm ssion nmedia to.-the ground node. 18. A tine domain
ref | ect onet erA fvhe abamaefiddiorfibtat 88 didimethie a8y PrecB@ing @Rirh ObheEinithe

means for analysing includes a cross correlation algorithm for more accurately

determining the location of a pulse or pulses.

12. A time domain reflectometer as claimed in any preceding claim designed as a
fully integrated ASIC.

13. A time domain reflectometer as claimed in any preceding claim which can be
used with a transmission medium that also has AC or DC power or data being
transmitted in the transmission medium at the same time as the test is being
conducted.

14. A time domain reflectometer as claimed in any preceding claim, further
comprising means for providing an impedance map of an individual cable or harness
of installation under test.

15. A time domain reflectometer as claimed in any preceding claim, further
comprising a receiving circuit connected to the multiplexer, the multiplexer being
controllable to route reflected signals from the selected OUtpUt to the receiving
'circuit, wherein the receiving circuit is connected to a sample and hold circuit for
sampling received signals. ' |
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arranged to swtch between each output to determ ne cl osest inpedance to

t he gel ected output and to establish the return path add Q?éﬁ'g'ge"t?f@%i gnal
routing path between the output, return path and ground node. 19. A nethod
of performng tine domain reflectonetry, conprising: generating a test
signal at a transmtter, supplying the test signal under the control of a
multiplexer to a test port; connecting each of a plurality of test port

out puts to of l.ur gl i f transm ssian dja to be. tested,
characteri s@gﬁit' %ﬁoﬁa'?ﬁ%’eﬁﬁ?%ﬁgﬂa@§ ?%@sqla'ﬁ‘eﬁ;?'fdhﬁrﬁﬂpp@éﬂge%ti ng or
confi r m ng dohkollee Brrangegt towodirgiaidmiitiplekéreto sletepmiredindwsiiblish §igndl ; agd :
anal ysing reflected signals received back fromthe transm ssion . nedia to
be tested- a{ﬁﬁtlirfgﬂoeaﬂ?set?ﬂg egtf%lf’ﬁ'ﬁl%ﬁg? ﬁ“etsﬁgﬁpwuémgb‘ﬁ?%a’nitﬁ%‘é@rﬁgﬂ 'hanges

al ong t he drengédtcodccipieart inputsaiestingthe mathutid ke feetedcioaionirside and t he

respective di ne t.o the i dance changes, .for trapsm ssion nedia of
known and urﬁwﬁ(%%?r?%%tﬁgﬁ E s@%?routmg patﬂeﬁoﬂ"n t?ne transmi erpo tWe selectgd
output, determine and establish a signal routing return path from the selected output

to the receiving circuit.

17. A time domain reflectometer as claimed in claim 16, further comprising a ground
node (GRND) connected to the multiplexer, wherein the muitiplexer is controllable to
route signals from the transmission media to the ground node.

18. A time domain feﬂectometer as claimed in claim 17, wherein the controller is
arranged to switch between each output to determine closest impedance to the
selected output and to establish the return path and hence the signal routing path
between the output, return path and ground node.

19. A method of performing time domain refiectometry, comprising:

generating a test signal at a transmitter,

supplying the test signal under the controi of a multiplexer to a test port;

connecting each of a plurality of test port outputs to one of a plurality of transmission
media to be tested,;

characterised in that the method comprises:

determining, selecting or confirming the return ground path for the selected output
port; and analysing reflected signals received back from the transmission media to
be tested and the return ground path thereby enabling impedance changes along
the length of the transmission media to be determined and the respective distance
to the impedance changes, for transmission media of knoWn and unknown

impedance.
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