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AbslTacl- ThL prolcct lmploltcots dlgitrl accbDiquc to
co[trol tl. lrrpccttol wircr h pllDt c.blc by o.hg
ALTERA CyclotrG ll borrd It b ttc rdvrDcrDclt of tlDG.
doD.ltr rrllccdor (TDR) tcchdquc for frolty .tblc
d.t cdon. Th. TDR modde gatr.rat.o pub. tiSDrl .trd lt
wlll bc lnjcctcd loto tb. lrspcctloD wlrc. Ti. Gdgc .[d
rcll€ctlotr !18[al from tba ln3pcctlon pll,ot c.blc .rc
rcc{rdcd by thc dtsltrl lrDpllng oscllloccoF (DsO). By
rldydr3 ttc tLF of rtflccrald prb. rltr.l (l! rtcp
i.vcfomr) uhg cclllorcopq thc typc .trd l,ocrdon of
huh crbla cltr bc d.tcrEltrcd. Ttls codrc aodulc b codcd
urlng V.ry Httl SpGGd IDtcgrrtGd Clrcull Hrrdwrrc
Ddcripdotr LrDSurgc (VHDL).

Inds Te'l,.-Tlnc-I).t,in Rcllcctloa (TDR), Dtgttrl
S[p{rt (hctllmpc (DSO), VGry HLt SpGGd

ht€rrt d Clilllt llrrdxlrc l)c'crlp5! Ler3r4c
(vHDL).

I.INTRODUCTION

The pilot c8blc is nornully usod for ontol sigmlin&
telecommunication, protcdion snd dlta tBrBmission
purposed associated with power disuibuted and transmission
system. Pilot cable is complying with the customer
requirement of Tcnaga National Berlrad (Malaysia Utility
Comp$y). Pilot ch8nnel provide channel between elect icity
supply substation for communication and for pmtective
rclaying of high voltage ovcrlrcad and undcrgocs lincs [3].

ln lhe pilot cable therc arc bundle of wire encloscd in
wire amour or single core round hard drawn aluminum wire
applied helically (spiral-shaped) over them and covered by
du8l insuldion with 8n inner core ofccllular polyethylene and
out€r skin of solid polyethylene. An over voltage in pilot
cable cores may compromise ala[m syst€flr resulting th€
severe damege to thc pow€r system snd prevent equipmot
Hor.rcver, thc problcms will occrus whcn tlp pilot cablc Elong
with transmission line enters swampy areas 8s water might
s€ep into in and csus€ damage to it. Also thcrc arc othcrs
problerns such as broken conductor, *der darnsge, crimps
8nd varidy ofoth(r fsult condition [2].

Thus, an eflicisnl t€sting system such as TDR is uscd to
monitor the csbles. However, such syscm is fully in analogue
$fiich is not only bulky h.tr it also rrccds lItoIc pou,q to
op€rate ths system. The pulsc to be sent to the cable is about

9v and it c€n be reducrd !o smaller power if the systefl is
dcvclopod using CMOS trchnolos/,

This paper prcpos€s new t€chnique to replacc the
anslogue TDR. The pmposed model for new TDR is

dwelo@ using VHDL rnd it is implemented on ALTERA
Cyclone II Board. The experimental results also verifi the
nrcdel is capable to daca faulty cable.

II. OPERATION OF TDR SYSTEM

The method of conbolling the signsl pulse gcncrated by
ALTERA Cyclone II board on TDR technique deign€d to
daect damage pilot cable. The demultiplexcr is able to
monitor thc waveform signal from which th€ wirc bei[g tester
accoding to thc input thal thc ucr dcsign. Tlrc uraveform
signal appear on thc oscillosopc is rcsulting of rcflection
waveform wlrcn the signal arrived at one end ofthc csble and
travel back to Oe TDR. As the r€6ull, the output si8nal or
rcflected uavcform on oscilloscope can be analyzed and
determiD€ tltc type of fault snd the location of the fault on the
pilot c8U!. Flg. I shou/s th€ operation block diagmm ofTDR
modulc to d& hlty cable.

PULSE SIGNAL
GENERATOR

PILOT CABLE
wlRESREFLECTED

SIONAL
DETECTION

(oscrLLoscoPE)

Fig. L @iofl Block Dilgr8m of TDR

The aim of this pmj€ct is to improvc the way to t€sting
the pilot cable using TDR techniqu€ using digitd system. This
multiple output is able to scnd pulsc signal to multiple pilot
crble wir€s. Ther€ arc 3 rnain modules for this d€sign which
are Pulse Cenerstor, One to Sideen Demultiplexer (demux)
and Decade Comtff. Thc design of thcsc modules is rning
VHDL laoguage than implemaf it into ALTERA Cyclone II
bo8rd. Fig. 2 shows thc dcsip for lhis projcc{.
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Fig. 2. Design ofBlock Diagram Modulc for This Projecl

The funaion ofeach module:

i. Puls€ Ceneralor - To gcn.rate pulse with Epclition rate
(frrquency), pulse width and delay hw€en puls€s.

ii. Demuftiplexcr t:16 Channel - To give the spcciltc data

from pulse generator !o thc cablc. Dats ougut to thc csble is

the same vslue as the dsta iDpd.

iii. Dccade C,oulltcr - to givc spccific &ta for sclcctor of
demux for counter prcposc.

A. Pulse Generotor

Pube g€,nerators usually allow control of thc puls€

rcpcdtho rde (ftie$Ency), pbc wlddr, &lay wlth Espcd !o
an i emal or o(t.nd riggo and thc high- ard low-voltage

levels of th€ pulscs [l]. For this projec,t, the prlsc that been

usc is l60ns with 2tl00ns dclay baween pulscs. Fig. 3 shows

the simulation ofpulsc gencralor thst is been dcsign.

Fig. 3a. Simulation ofPulsc Generator Using ModelSim

FiE. 3b. Pulse Gen€rator with l60ns Pulse Width.

Fig. 3c. Pulse Ganerator with 2,loons Delsy betw€en Pulses

The bssic conc€pt 0o design the pulse gencrator by using
VHDL codc is th€ munt€r. Fig. 5 d|ows the flowchart of the
puls€ geoerstor. The ALTERA Cyclone Il bosrd includes two
oscillators thst prcduce 2t.t6M hz and 50M hz clock signals.
For this projecl 50M hz clock is us€d for rcf€.lion propo6a.

Proccss dividcr is used !o count the width of the pulse. lt
hsd been s€t to 't00000Om00001I l" for produc€d pulse
width 160 n6. From 50M hz cloclq tho timo clock is 20ns.

11
t =-=-= 20ns

The process divids is sensitive to thc 20ns clock and
$an crunts fiom 't000m0000m0000" !o
'00Om00m00OOl I 1". The counts for divider are 8 of 20ns
time clock thar will produce t60ns plse width.

Pulse Generator Width = 20ns x 8 = 160ns

For proccEs coufl, it is designcd for delay bctween
pulses. Sincc thc pulse width is l60ns, it is used for delay
pmpose. Pmcess count is counts from '()000l " to '{)l I ll"
which number of ounts are I 5 .

Delay Between Pulses = 160ns x 15 = 2,(XlDt

Fig. 4 shows the simulation r€sult of puls€ geoer'8lor width
snd count m8dc for delay bcfween puls€s.

Fig. 4. Simulation ofPuls€ Generaior Width and Count Msde
for Delay between Pulses
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Fig. 5. Flowchan of Puls€ Gcnerator

Fig. 6a shows the module and fig. 6b dlows the Registq
Transfer Level (RTL) for Pulse Ce'lerator. This RTL is
simulared by Quartrs U Design SoftwarE.

Fig. 6b. RTL of Pulse Generator

B. Densltipleaer l: 16

The oppositc of the multiplexer is the dcmultiplex€r
(donux). This circuit takes & single dsta input snd onc or
more ad&ess inputs, and s€l€cts which of multiple outputs
will receive the input signal. Dcmultiplexer l:16 is used as the
process of separ8ting the pulso generator signal to each pilot
cable that b€en tcst. The idea is to inject pulse into pilot csble
one by one. For this project, only l0 outputs boen us€d dus to
decsde count4r. Fig. 7 shows thc simulation r€sult of demux
l:16 udile Fig. E show the RTL for demux l:16.
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Fig. 6a. Module of Pulse Gcnerator

Fig. 7. Simulation Result for Demux l:16

Fig. Ea show the rrodule and Fig. 8b show t}le Register
Transfer Level (RTL) for Demux. This module and RTL is
simulaled by Quartus ll Design SoftuEr€.
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Fig. E& Module ofDemux l: l6

C- Decade Counler

Decode coqnter is I binsry counter that d€signed to count
to l0 wftich fiom '0000" to "1001" [3]. For this proj€ct,
doc{de counter is uscd to give dala to thc selector of the
d€mux. lt is allowcd dcmux to sclect spocific ouhut
according to lhe specific dara fiom decade counter. Fig. 9
shows the simulalion r€sult of decade counter Yhile fig. l0
shous the RTL for decade count€r.

Fig. 9. Simulation Resutt for Decade Counter

Fig. lOa show the module and Fig. lOb show th€ Register
Trmsfer Lcvel (RTL) for Decade Counter. This module and
RTL is simularod by Qu8rtus ll Design softwsre.

Fig. loa. Module of Decade Counter

Fi8- lob. RTL for Mc Courtg
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Fig.8b. RTL for Dcmux l: l6
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D. Designfor Connection betv'een Pulse Gercralo\ Demux
l: l6 atd Decade Counler

Thc finrl $8ge for d€sign proccas is to d€sign thc
cooncction betwec[ 8ll modulcs, Fig. ll slpw how th€
comoctions d6ign bcte/€en 8ll modules.

Fig. ll. Conneclion b€twe€n Pulse G€ncrstor, D€mux l:16
snd Dccad€ Count€r.

Whe.n r€set (S€qReset) c4ual !o 'l' (High), ALTERA
Cyclone tl bosrd generale closk (MClk) 50M hz thal used to
be the se$itivc ref€rence for all modules. Pulse Generator
gencrates the pulses snd sends thc puls€s to d€mux from
Outputlruls€2 to Input demux. Fig. 12 shows the geflcrated
pulss 8t the outputlrulsc2.

At this stage. decade counter stBrl to munt sinc€ it also
s€nsitive to the MClk. Thsn outputs &om decade counter
(outpuldc) send the dsl! countq io the selector (sel) of the
dernux. The &ta from output_dc us€d to sap€ra& the pulse to
the output demux (ouFnt_dmux).

Fig. 13 shows the pulse s€pu8t€d to thc output_&nux and
the dats send !o the sol ofdemux. It repeared the process until
SeqResa equal to '0' (loy{).

Fig. 12. Canerared Pulse at the Output_Pulse2

Fig. l3b. Dsta Countcr to Sel Dcmux

Mspiog technique slso been lrs€d for combination all
three modulcs, At this stage, only inputs 8nd outputs pins arc
shows as knorrn as "Top Level". lryut pins for this top level
are MCLK and SeqReset while the output pins are
output_rcm, output_cable and output_dmux. Fig. 14 shows
the top level ofthis projecl.

Fig. 14. Top t vel Module ofFsulty Pilot Crble Tes

Fig. 15 shows thc conn€ction for all thrw modules. It
shows the connction bct\pecn modulcs thst done by Quartus
ll D€sign Software.
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Fig. l3a- Puls€ are been Separat€d to Output_Dmux
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Fig. 15. Connection of Simulation for All Thrce Modulcs
(Pulsc Generator, Demux I : I 6 snd D€cade Counter)

E. Tesring Methd

For this project, mcthod on how to t€st pilot cable is

critical because it will d€teamine lhe rEsult of the healthy 8nd
faulty cable. First it needs to determine the pattem of the
h€althy pilot cable. Sev6al cables have to be tested rsndomly
by injccting pulse and cach of thc pstlcm's rcsults has !o bc
recorded for further evalualion [41. The healthy c8blc pstem
will show thc samc reflection for a.ll heallhy cabl€. For
confirmation of thc healthy csblc's distanc€, simple
calculation shown below is needed [31.

Where,

D =trvo (l)

Il = Disance offaulty or healthy C8ble

Vp = Velocity of Propsgarion

t = transmit time ftom monitoring point measured
on the oscilloscope

III. RESULTS AND DISCUSSION

A. Pulse GerPtdlor

For pulsc generalor, the r€sults from simulalion are
compered with signals obtained from digital sampling
oscilloscope (DSO). The prlsc wi&h for this projecl is l60ns
with 240ons d€lay k\xeeo pulses.

The pulse produced fiom ALTERA Cyclone Il board 8s
shown in Fig. l6a-Fig.l6c and they are injected to sclected
Pilot Cable.

Fig. l6a. Rcsult of Pulsc Csnerator

Fig. l6b. Resuh of l60ns Puls€ Width

.D
IEN:,IJ

Fig. l6c. Result of2400ns Dehy bdween Pulses

6

. For this poject, the length ofpilot cable being tested is l0
m snd th€ vp = 0.995c-1 E/rt.t l0 ! distanc€.
I The patta'os illu$rated h€r€ are only applicable for this
project and they may change if difl€rEot distsnc€ and type
cables are used.
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B. Panern of Healthy Cable

For this projed, tre ponem of healthy has been

determincd. Fig. l7 shows the TDR p8fi€m for heslthy c8ble.
Since ther€ is no rcflecrion for healthy cable, $ the timc bosrl
measured from initial waveform to the chsngcs of th€
waveform. The time has been rneasurod md calculated by
using (l). The time reflection is l00ns. Sinc.e the

D=txvp
D = 100n x 0.995e-r m/n
D= 9.95n

Fig. 17. TDR Messursd R€sult and Pdtern for Healthy Cable
( l00ns)

C. Pattern and Resuk Dislarce of Foufuy Cqble I

The pattem of f8ulty cablel has becn daermined. Fig. lt
shows the TDR pattern for faulty csblc l. For faulty cablc l,
tlrc refleclion waveform psttcm (st€p wsvefom) cl€arly
illustrak in fi9. lt. Thc time reflcction has bocn measured
and cslcr 8tes by using ( I ). Th€ time reflection is 36ns.

D=txvp
D = 37n x 0.995e'r m/n
D = 3.582 n

From the calculalior\ it shows the length of faulty ceble I is
3.582m.

Fig. I t. TDR Measud RBult 8nd Psttcrn for Faulty Cable
(361ts)

D. Panern and Resul, Dbrorre oI Foulry Cable 2

The p8ttern of faulty csble 2 has been determined. Fig. l9
shows tle TDR psttern for faulg cable 2. The time reflection
has boen mcasurrd End cslculates by using (l). The time
reflection is 5l ns.

D=txvp
D = 51n x 0.995e-1 m/n
D = 5.075 m

From thc calcrdatioG it shows the Iangth of faulty cable I is
5.075rIL

Fig. 19. TDR MessurEd Rcsult and Pattrrn for Faulty Cable
(51ns)

7

From lhc calculaiorq it shows the lengh of hcahhy cable
is 9.95m but th€ ochlst length for the cablc is abou lorn and
this length is used for appmimrting thc pulse width to be
injectcd to the cabl€s.
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E. Comparison Result

Table 5.1 sho\rs the comparison result between all
messEements- For healthy cablg the result for this project is
9.95m 8nd thc aclusl di$8nce cable is lom. lts sllows thal
result from this goject are similar !o the actual distEnce c8blc.
For this pIojecl, the acauscy distanc€ is 99.5% sccurale.

For faulty cable l, lhc result for this Foject is 3.5E2m
and the actual distance is 3,6m, The accuracy distanc.e for
faulty cable I is 99.5%. For fsulty c8ble 2, the result distance
for this project is 5.075m ard the actual result is 5m. The
acorrcy of bulty cablc 2 is 9E.5%.

From the result the accuracy for this gojecr is about

99.17%. lts me8n, the tolcrsnt for this pmjecl is +l%.

Table 1: Comparison Result

IV. CONCLUSION

The objective of this project is to propose a digital
dcsign and tcchnique that clficicnt and acrlrate that can
det€ct the fauh at the pilot csble wlthout r€quir€d high
maintenance cost by replacing the fault pilot cable. The
design module is able to detect the fault md what type of
fauh. The injecred pulsc radiates down the cable 8nd at the
point where the cable €nd some portion of signal of thc signal
pulse is refleaed b8ck !o the injection point. Th€ afilouIlt of
the rellcctcd is a funaion ofcotrdition at thc (rd ofthe cable.
ln sddition to the smount ofen€r$/, can rnalyze the rcflected
signal waveform and timing detail b get information on what
kind of impedance mismatches can be and \ fi€r€ thsy arc
located in the cable.

The ALTERA Cyclone II board gcneraes thc pulsc
consist€r ,ly thcn can be inj€ctod to thc cablc. With digital
dcsign, thc amplitudc of rcfleccd signel can bc roduccd. The
digital dcaign will cause tlrc amplitude of rcoeaed signat not
exc€ed rnor€ than 3v.
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Description
Time

Measured
(ns)

Calculation
Dislanc€

D=tXVp
(m)

Actual
Distanc€

(m)

Accuracy
Distance

Healthy
Cable

100 9.95 l0 99.50/o

Faulty
Cable I

36 3.582 3.6 9.50/o

Faulty
Cable 2

5l 5.075 5 98.svo

l. lf the cable is in an open condilion the e1lergr pulse
rcflcocd bock ls a slgnlflcEnt porilon of the lnJ€clrd
signal in thc same polarity 6s drc injecl€d pulse.

2. lfthe other end ofthe cable is stloned to ground or to
the retum cable, th9 sflcr8y reflected is in opposite
pol8rity to the inject€d signsl.
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