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Abstract Time domain reflectometry (TDR) has been
widely used for detecting the fault location and fault type of
power cable due to the low computational load and good
adaptability. However, it is vulnerable in the cable
characteristic, such as delay and attenuation fluctuating with
frequency. In this paper, we execute the channel estimation
using Wiener filter to compute the most similar estimated
signal with the injected reference signal, and provide
experimental results to show the performance improvement
of fault detection and location using TDR with Wiener filter
in power cable.
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1. Introduction

There are several locating technologies that can be used
to detect the fault location and fault type of power cable.
Some of the most publicized methods are time domain
reflectometry (TDR), frequency domain reflectometry

(FDR), and time-frequency domain reflectometry (TFDR)
[1-6]. TDR method detects the cable fault using the
auto-correlation property of the reference signal in time
domain. On the other hand, FDR and TFDR consider both
of the frequency domain and time domain for detecting the
cable fault. The detection error rate of FDR and TFDR
methods can be lower than that of TDR method, however
FDR and TFDR have higher computational complexity than
TDR does [7]. In addition, to overcome the weakness in
bandlimited channel and live wire, TDR has adopted
various kinds of reference signals such as rectangular pulses,
Gaussian enveloped linear chirp, spreading sequences, and
modulated spreading sequences with sinusoidal wave.

The reflectometry wusing auto-correlation property
depends on the channel quality critically. Generally in the
condition of live wire, the characteristic of channel depends
on delay or attenuation fluctuating with frequency. In sort
of these cases, it is hard to detect the fault location by
conventional TDR method. In this paper, we propose the
enhanced locating method for cable fault by reconstructing
the injected reference signal from the received (measured)
signal. We use the Wiener filter to estimate the channel
characteristic and reconstruct the reference signal.
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Figure 1. A block diagram of fault detection and location using TDR methods.
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2. Detection Method and Wiener Filter

2.1. Detection Method

Fig. 1 illustrates the block diagram of TDR methods. The
pulse generator makes the rectangular, Gaussian, or raised
cosine pulse according to the use. Especially in live wire, in
order to avoid the power signal, we can use the Gaussian
enveloped linear chirp with specific frequency band. The
sequence generator makes the spreading sequences with
good auto-correlation property such as m- or Barker
sequence. The sequence TDR (STDR) is the TDR method
which is using the spreading sequences to obtain high
processing gain. Similarly, spread spectrum TDR (SSTDR)
method uses the spreading sequence modulated with
sinusoidal wave which is the output of the local oscillator. In
TDR, when fault location is near, rectangular pulse which
has short pulse width can be suitable. On the other hand,
when fault location is far, the amplitude attenuation is very
large and different with frequency band, hence the
rectangular pulse is not appropriate for reference signal
anymore. In the case of far fault, Gaussian chirp can be
generally suitable for waveform of reference signal. The
advantage of Gaussian chirp is both that we can deploy the
Gaussian chirp to desired frequency band and that we can
handle the bandwidth of Gaussian chirp by adjusting
frequency acceleration. Therefore we can modify Gaussian
chirp as the effective reference signals for many different
channels [8]. The measured signal from the cable (including
the distorted reference signal, and any reflections observable
at the receiver) is fed into a time-correlator along with a
reference signal. We can find the fault location and type by
analyzing the time of arrival (TOA) and phase of reflected
signal obtained from time correlation. The distance d from
signal injecting point to fault location is able to be calculated
by Eq. (1) where v, is velocity of propagation (VOP) of
reference signal and 7, is the time difference between the
reference signal with the reflected signal [1-2].

d =X

2

(1)

2.2. Wiener filter

Fig. 2 illustrates a simplified block diagram of Wiener
filter. A finite impulse response (FIR) filter produces the
minimum mean-square estimate of a injected reference
signal x(n) by filtering a received signal y(n) with
Wiener filter W = [w(0),w(1),...,w(p)]. It is assumed
that y(n) and x(n) are jointly wide-sense stationary with
known auto-correlations. We can calculate Wiener filter
coefficient vector using r, and R, using Eq. (2), where
Ty, is the cross-correlation vector of reference signal with
received signal and R, is the auto-correlation matrix of
received signal [9].

w=R,"'r,, 2

Also we can describe the z-transformed p-th order
Wiener filter on z-domain as Eq. (3).
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W(z) =w(0) + X, w(dz™ 3)

We can calculate the optimized Wiener filter coefficients
for channel by finding the order p which produces the
minimum error e(n) between estimated reference signal
X(n) and reference signal x(n). The estimated reference
signal X(n) can be calculated by convolution between
Wiener filter coefficient w(n) and received signal y(n).
Hence estimated reference X(n) which has the minimum
e(n) can be produced. Fig. 3 describes fault detection
method which applies Wiener filter.
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Figure 2. A simplified block diagram of Wiener filter.
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Figure 3. A block diagram of fault detection method using Wiener filter

3. Experimental Results

This chapter contains the performance improvement of
the fault detection when the Wiener filter is used for
detection or not. We have performed signal processing for
experimental results using MATLAB® and used the
rectangular pulse (length: 4, amplitude: 1) on dead wire and
Gaussian chirp signal (Iength: 35, amplitude: 1) on live wire
for the injected signals respectively. We set the sampling
frequency f; = 208.3[MHz] and the measured VOP of
power cable v, =1.911X 108 [m/s]. Both of these
sampling frequency and VOP are obtained as best
experimental property at KESCO. The experiments are
implemented from measured data of commercial power line
cable (CV_2C 6SQ). Every physical data about 3 fault
types (‘open’, ‘partial disconnection’, and ‘insulation
damage’) and various distances are gained from KESCO.
The upper part of figures shows the time correlation of the
reference signal and received signal without Wiener
filtering, otherwise the bottom of figures show time
correlation of the reference signal and the output signal
from the Wiener filter. In here, we set the orders of Wiener
filter as long as length of the reference signals.

Fig. 4 shows the detection performance when the injected
signal is rectangular pulse, the fault location is 160m from
signal injecting point, and the fault type is ‘open’ on dead
wire. It is shown that the fault detection error with using
Wiener filter is smaller than result without using Wiener
filter. It is confirmed that Wiener filtering is improving the
detection performance.
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Figure 4. The detection performances (reference signal: rectangular pulse, fault location=160m, fault type: open, 20-th order Wiener filter)

Fig. 5 shows the detection performance when the injected signal is the Gaussian chirp, the fault location is 23.45m, and the
fault type is ‘open’ on live wire. Both methods whether using Wiener filter, implemented almost the same performance.
When fault location is near, attenuation portion is small also fault type ‘open’ does not distort reference seriously. Thus
performance improvement is negligible when Wiener filter is adopted or not.

Fig. 6 shows the results when reference signal is Gaussian chirp, fault location is 27m and fault type is ‘partial
disconnection’. It is shown that the method using Wiener filter provides better performance compare with the method without
Wiener filter. Thus, it is confirmed clearly that the fault detection method using Wiener filter is effective to improving the
detection performance.
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Figure 5. The detection performances (reference signal: Gaussian chirp signal, fault location=23.45m, fault type: open, 35-th order Wiener filter)



110 Enhanced Locating Method for Cable Fault Using Wiener Filter

Without Wiener filter

correlation

i I | | | 1
60 80 100 120 140 160 180
samples
Using Wiener filter
° = 1 =
-  31.6969m

correlation
(=
i

_5 i i i i | | | |
0 20 40 60 80 100 120 140 160 180
samples

Figure 6. The detection performances (reference signal: Gaussian chirp signal, fault location=27m, fault type: partial disconnection, 35-th order Wiener
filter)

Fig. 7 shows the experimental results when the reference signal is Gaussian chirp, the fault location is 23.45m and the fault
type is ‘insulation damage’. It is shown that side-lobes are decreased when Wiener filter is adopted, hence estimated fault
location is changed from 17.4563m (without using Wiener filter) to 24.3469m (using Wiener filter). It is obvious that using
Wiener filter is able to improve fault detection performance.
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Figure 7. The detection performances (reference signal: Gaussian chirp signal, fault location=23.45m, fault type: insulation damage, 35-th order Wiener
filter)
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4. Conclusions

This paper has examined TDR which is one of detection
method for the fault location and type in power cable, and
Wiener filter to overcome the channel characteristic such as
delay and attenuation which influence bad effect for fault
detection performance. Also we have identified fault
detection performance whether using Wiener filter with
measured data from commercial power line cable. Most of
simulation results illustrate detection method using Wiener
filter has less error than that without Wiener (filter.
Consequently, we can confirm the performance of fault
detection method using Wiener filter is better than that
without Wiener filter.
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