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Abstract. The objective of this study was to diagnose the arcing fault signals based on the first
peak of arrival method using antenna to assess its use as potential arcing fault detection in
power system network. Square patch antenna and circle patch antenna were employed for
detection on artificial arcing in real environment. First peak of arcing signal arrival was
measured through an analysis over a range of time and amplitude signals detected. For accurate
results, Discrete Wavelet Transform (DWT) denoising technique was applied to the arcing
signals detected as denoising tools. Analysis of first peak of signal arrival time and amplitude
were carried out using MATLAB software to measure the changes in signals detected caused
by di different placements of antenna. The results revealed that the first peak of signal arrival
time, amplitude, type of antenna used and placement of the antenna around arcing source point
all reflect the signals measurement.

1. Introduction
Detecting and locating faults in the electricity delivery grid is a top priority for utility providers and
poses problems that vary from those faced with faults in electricity transmission [1]. Arcing fault is
widespread in power system network and is accountable for the most destructive impact of electrical
fires. Arcing faults happens once insulation ages or when some factors have been affected. The arcing
fault is a luminous high-power discharge between two electrical contacts, this discharge is the
primary cause of the leakage of an immense quantity of energy to the surrounding environment,
destroying the circuits and, at times, absorbing a large portion of the conductors. The transient aspect
of the arcing fault current further aggravate the clearing issue of arcing fault by the traditional
overcurrent safety method [2].

Lately, arcing source detection and localization has acquired significant attention in numerous
location-based technologies since arcing fault is an essential part to the distribution and outage
management system because the occurrence of arcing fault may reduce the outage of the power
supply under actual field conditions. Besides, the arcing fault is a popular issue faced in power system
network and involves many engineering aspects. Commonly, arcing fault caused by insulation failure
due to loose jointing at the terminal, insulation broken or continuous contacting, ageing, mis-
operation, moisture present and any natural phenomenon such as lightning and tree leaning on the
cable [3]–[5]. Generally, arcing fault detection have been discussed by other researchers, such as [6]–
[9], however, effective detecting methods for incipient arc fault are quite few. Additionally, the pre-
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fault in the cable cannot be detected by a human, thus, an incipient stage monitoring sensor is needed
for precaution method before major breakdown happens.

Therefore, in this work, the compact patch antennas are designed and developed to test the
monitoring condition of arcing fault signals. However, some researchers has been reported on [10],
the results showed that the measurement will not be accurate due to presence of a discrete spectral
interference (DSI) and also white Gaussian noise (WGN). DSI is a narrowband noise occurred from
radio broadcast signal while WGN is a broadband noise resulted from measuring instrument itself.
Therefore, for accurate arcing fault measurement, Discrete Wavelet Transform (DWT) denoising
technique was applied before verification of first peak arrival time of EM radiation arcing signals.
Furthermore, two geometrical shapes of square and circle patch antennas are developed to compare
each performance characteristics.

2. Compact patch antenna as arcing fault sensor
In the first stage, two geometrical shapes of square and circle patch antenna were developed as an
arcing fault detection method under Ultra High Frequency (UHF) band. The antennas were designed
to obtain the reflection coefficient below –10 dB for better detection and measurement [11]. The
antennas modelled are performed in CST Studio Suite software. The optimal parameters designed
studies were determined according to the side dimension, feedline dimension, radius, matching
impedance, Flame Retardant 4 (FR4) dielectric constant, printed circuit board (PCB) thickness and
copper thickness. In order to check the applicability of the antennas to predict the optimum operating
frequency and to evaluate the consistency of the measurement, the simulation models were designed
as shown in Figure 1 while the parameters of the antennas were listed in Table 1.

The antennas were then fabricated based on the simulation modeling and expected to be able
capturing small amplitude of artificial arcing signals from experimental setup [12]. The experiment
was conducted under the same testing condition for both different antennas designed.

Figure 1. Geometry design of (a) square patch antenna (b) circle patch antenna.

Table 1. Parameters of each antenna.

Antenna Geometry Square Patch Antenna Circle Patch Antenna

Ground width, Wg (mm) 50.3 60
Ground length, Lg (mm) 50.3 60
Width, W (mm) 25.15 30
Length, L (mm) 25.15 30
Feedline length, Fi (mm) 7.8 10.2
Feedline width, Wf (mm) 2.84 2.85
Radius, r (mm) – 15
Impedance matching (Ω) 50 50
FR4 dielectric constant, oߝ 4.3 4.3
PCB thickness (mm) 1.6 1.6
Copper thickness (mm) 0.0035 0.0035
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3. DWT denoising technique
DWT is a wavelet transformation which the wavelets are discretely sampled in numerical analysis and
functional analysis. The wavelet transformation in mathematical functions is used to decompose the
signal into components of high and low frequency. The wavelet coefficients are calculated to measure
the frequency content resemblance between a signal and a selected wavelet function. These
coefficients are calculated as a signal convolution in the scaled wavelet function. DWT is expressed by
(1) [10]:

(ࢗ,࢖)ࢀࢃࡰ = ૚
ඥ࢖
∑ ∗࣒(࢔)࢞ ቀࢗି࢔

࢖
ቁ࢔ (1)

where ݊ represents the discrete number, ݌ and ݍ are scaling and translation parameters respectively
while ߰ denotes as mother wavelet.

The DWT technique has three essential procedures to validate the optimum denoising process and
effectively perform noise suppression on the noisy arc fault signal. The procedures comprise
decomposition, thresholding variation, and reconstruction. Figure 2 illustrates the denoising procedure
of DWT technique.

Figure 2. Wavelet based denoising procedure [13].

In this study, mother wavelet, Debauchies 13 (db13) was used for noise reduction improvement by
referring to [10]. This paper further evaluates the denoising performance through more in-depth
analysis the application towards arcing signal detection.

4. Modelling and Simulation
The main components for experimental setup was carried out using the four antennas developed for
each geometrical shape, high voltage alternating current (HVAC) power supply and pressure test
(BAUR70). The four antennas were connected to a Lecroy Wavesurfer 3024 digital oscilloscope as
measuring tools to capture the arcing signals radiated. The experiment setup was conducted in high
voltage laboratory. Figure 3 and Figure 4 show the illustration of the experiment conducted.

Firstly, to form the artificial arcing fault, the high electrical potential was injected by the HVAC
and excited using BAUR70 to the one of the conductor above the breakdown voltage. Theoretically,
the average breakdown voltage ranges from 25 kV/cm to 30 kV/cm and depends on the insulating
material, the edge of the tip of the conductor, and the gap between two conductors [14]. The copper
rods used in this experiment indicate the power cables which arcing fault signal travels on it. The gap
between primary and secondary copper rods was 1 cm each other and the tip of each rod was 30o.

In order to evaluate the performance of the proposed method, a set of arc location placement was
performed as depicted in Figure 5. The setup comprises of four antennas placed around the arc source
point covering the EM radiation space. The experiment is repeated concurrently based on the square
and circle patch antennas. Signals data were collected approximately four times. Captured signals
were recorded as a function of time in order to deduce a direct connection between the location of
antennas and first peak arrivals signal.
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Figure 3. Illustration of arc generator experiment
setup.

Figure 4. Laboratory arc generator experiment
setup.

Figure 5. Four antennas and arcing source point
coordination.

The DWT denoising techniques analysis was applied to the captured data signals using mother
wavelet, db13 in order to obtain more accurate results of arcing signals characteristic. The signals after
applying DWT denoising technique were analysed again using first peak arrival method programmed
by MATLAB software. Figure 6 and Figure 7 show the differentiation of original signal and denoising
signal between square patch antenna and circle patch antenna respectively.

Table 2 presents the results of first peak arrival amplitude before and after applying denoising
technique. As can be seen, the time of arcing fault signal is decreased for both geometrical shapes of
antennas. For square patch antenna, the first peak arrival amplitude for antenna 1 before denoising
experiencing a decline from 0.3214 to 0.0312 for antenna 4 while for circle patch antenna, the first
peak arrival amplitude for antenna 1 before denoising experiencing a decline from 0.461 to 0.1132 for
antenna 4. After DWT denoising techniques was applied, the performance of square patch antenna for
antenna 1 is 0.0974 drop to 0.0152 for antenna 4 while for circle patch antenna, antenna 1 is 0.1783
drop to 0.063 for antenna 4. This results show the decrease in amplitude parameter.

Another result that was presented in table 3 is first peak arrival time before and after applying
denoising technique. As can be seen, for square patch antenna, the first peak arrival time for antenna 1
before denoising is 4.0005 s faster than antenna 4 that is 4.0113 s while for circle patch antenna,
antenna 1 is 4.0006 s earlier than antenna 4 that is 4.0134 s. After applying DWT denoising technique,
the performance of square patch antenna for antenna 1 is 4.0007 s detected faster than antenna 4 that is
4.0101 s while for circle patch antenna, antenna 1 is 4.0009 s detected faster than antenna 4 that is
4.0192 s.
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Figure 6. Original and denoised arc signal for square patch antenna (a) antenna 1 (b) antenna 2
(c) antenna 3 (d) antenna 4.
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Figure 7. Original and denoised arc signal for circle patch antenna (a) antenna 1 (b) antenna 2
(c) antenna 3 (d) antenna 4.
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Table 2. Results of first peak of EM radiated arcing signals arrival amplitude before and after
applying DWT denoising technique.

Amplitude Square Patch Antenna Circle Patch Antenna
Ant 1 Ant 2 Ant 3 Ant 4 Ant 1 Ant 2 Ant 3 Ant 4

Before denoising 0.3214 0.143 0.1152 00312 0.461 0.2211 0.184 0.1132
After denoising 0.0974 0.0876 0.0633 0.0152 0.1783 0.1213 0.0884 0.063

Table 3. Results of first peak of EM radiated arcing signals arrival time before and after applying
DWT denoising technique.

First peak of arrival time
(s)

Square Patch Antenna Circle Patch Antenna
Ant 1 Ant 2 Ant 3 Ant 4 Ant 1 Ant 2 Ant 3 Ant 4

Before denoising (s) 4.0005 4.0073 4.0095 4.0113 4.0008 4.0013 4.0078 4.0134
After denoising (s) 4.0007 4.0088 4.0099 4.0101 4.0009 4.0019 4.0089 4.0192

Based on these observations, these experiments have illustrated two things which are the different
of first peak of arrival amplitude and time depending on the distance of each antenna from arcing
source point. The closer the antenna distance to the arcing source point, the amplitude is higher and
the time of EM radiated signals detected is faster and vise versa. The used of DWT denoising
technique is also effected and have slightly different from results before applying DWT denoising
technique. The DWT denoising technique has been applied to the arcing signals detected in order to
extract the unwanted noised captured, therefore the arcing signals diagnosis can be done precisely.
Furthermore, the different used of geometrical shapes of antenna towards arcing signals detected
which were square patch and circle patch antennas do not significantly affect the measurement data,
both of the antenna performances have slightly different measurement since the performance of the
antennas depending on the design of the antennas itself. The antenna can detect and measure the
signals better if the antennas were designed to obtain the reflection coefficient below –10 dB.

5. Conclusion
This work was devoted to assess the capability of square patch and circle patch antenna to measure
arcing EM radiated signals. This was performed by investigating the effects toward first peak of
arrival amplitude and time. It was found that antenna 1 for both geometrical shapes of antenna had the
greatest influence on first peak of arrival amplitude and time since the distance of antenna 1 to the
arcing source point is the nearest position followed by antenna 2, antenna 3 and antenna 4. The results
obtained after applying DWT denoising technique was also gave the same trends, which indicates the
precise arcing fault diagnosis.
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