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On-line Fault Detection of Transmission Line Using
Artificial Neural Network
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Abstract— As the vollage and current waveforms are deformed due to transient during faults, their pattern changes according
to the type of fault. The Artificial Neural Network (ANN) can then be used for fault detection due 1o ils distinguished
behavior in pattern recognition. In order to minimize the structure and timing of (the ANN, preprocessing of the voltage and
current wavelorms was donc. The data delivered from a simulated power system using PSCAD (EMTP with cad system)
was used for fraining and testing the ANN. An cxperimental setup, consists of a 3 phase power supply module and
transmission linc module, is utilized. A set of signal conditioning circuits is designed and implemented in order 1o transfer
dala to a PC which is used as an on-line relty for faull detection. This is done via a dala acquisition card (C10-
DAS1602/12). The Matlab program caplurces and processes real data for (raining the ANN. Applying different types of

faults for testing the system, right tripping action was taken and the type of lauit was correctly identificd. The suggested
artificial neural network atgorithm has been found simple and cffective hence could be implemented in practical applicalion,

1. Introduction

The fundamental objective of system protection
is to provide isolation of the problem area, keeping
the rest of the system to continue in service. The
protective relays act afier the occurring of an
abnormal or intolerable condition, in order to
minimize the duration of the trouble and limit the
damage and outage time. During the fault,
transients arise in both voltage and current
waveforms. Symmetrical components technique has
been used to analyze such waveforms lor fault
detection [!1]. The presence of monitoring
subsystem makes it possible to process data directly
received from the power system during fault

conditions; hence the mcasured signals could be
used for relaying conditions [2]. As the digital
technology is being cver increasingly adopted in
protection, shorter decision time has been achieved
(3]. Various applications of the artificial neural
nctwork (ANN) were used to improve recognition
of faults on transmission lines [4]. Many
researchers used the ANN for fault detection, as it
can handle most situations which cannot be defined
sufficiently for finding a deterministic solution [5-
7]1- As a result, ANN has emerged as a powerful
pattern recognition tcchnique wherever eomputers
mtecract with real world [8]. In this paper,
simulation of the system under study is carried out
using PSCAD/EMTDC [9]. The voltage and current
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waveforms obtained from simulation at relay
location are processed and then used for training the
ANN. The suggested ANN is implemented on an
experimental transmission line module and the
practical waveforms are compared with the
corresponding simulated waveforms.

2. System Simulation and Data Processing

The PSCAD/EMTDC is a standard industrial
simulation tool for studying the transient behavior
of electrical networks. Its graphical user interface
enables all aspects of the simulation to be
conducted within a single integrated environment
including circuit assembly, run time control and
analysis of results. In order to train the ANN, set of
data corresponding to normal and fault conditions
should be available. The suggested power system
comprises of a generator connected to a
transmission line through a transformer. The
PSCAD/EMTDC built in library has been utilized
to simulate each part of such system. The
waveforms of voltages and currents during normal
conditions at the relay location at the sending end
of the transmission line are recorded. Also,
waveforms corresponding to different fault types;
including line to ground fault, line to line fault, line
to line to ground fault and three phase faults, are
obtained. When analyzing the acquired data, it was
significant that during fault conditions the voltage
of the faulted line tends to decrease to zero while
the current tends to increase. In order to magnify
the difference between different types of faults to
be able to distinguish between different fault types
processing of data, (V-I), is suggested as shown in
Figurel a, band c.

Taking the average difference of the (V-1) enhances
and magnifies the variation between the healthy and
faulted waveform and can be given as [7]:

y = (xr'+l - xl ) + (xi+2 - xi+3) (])

Where x; is the # value of such difference signal
(V-I). Define the Sum of Averaged Differences
(SADI) as:-

i=i+5

F, = 3 abs(y,) @)

I=i{-$
The waveforms will be clearly distinguished during
‘fault conditions as shown in Figure2 in per-unit
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scale as the maximum value of (V-1) signal is taken
as a base value.

3. Artificial Neural Network Architecture

The simulated power system data obtained after
being processed is used for training the proposed
ANN. Multilayer feed-forward networks were
chosen to process the prepared input data. A feed-
forward ANN contains an input layer, an output
layer and possibly many hidden layers. Each layer
can have one or many neurons (processing nodes).
The node receives its input through a set of
weighted links.
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Figurel. Simulated (V-1) waveforms for a) Normal case b)
Ato G faultc) A to B to G fault at 0.2 sec
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Figure2,  The SADI for A to G fault at 0.2 sec

The output node is determincd by an output
function that responds to its activation. Frequently
the so called sigmoid output function is used, as
given by:-

()= 3
I-e
The ANN is trained using back propagation
learning  algorithm  which exploits  gradient
information of the error function as:-
Em = %Z(tm: —omz ’ (4)

Where t,,; is the desired output of pattern and O, is
actual net output. In the proposed ANN, 20 samples
per cycle were taken from the processed data in the
form of three SADI signals (Fi). The inputs are in
the form of moving window for each four samples.
A total of 38 signals are taken as input and the
ANN is trained using all possible fault conditions
until the error function reached 107, The ANN has
four outputs corresponding to the three phases (A,
B & C) and the ground (G) as depicted in the ANN
architecture shown in Figure3. The proposed ANN
has been found able to perform fast and correctly
for fault type recognition and may be then cxtended
to include other conditions such as fault location.
Also the effect of system parameter variations such
as transmission line capacitance , load level and
fault resistance may be included if needed in the
training algorithm of the ANN technique. This is
the powerfut of such ANN over the other protection
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schemes such as over current or symmetrical
components analysis.

4. Hardware Implementation

The proposed ANN for fauit type detection is
tested on an cxperimental transmission line module
of 360 km length fed from a three phase supply unit
via a three phase transformer. The scale factor used
for the system is | kV=iV, 1kA=IA and
IMVA=IVA. A photograph of the implemented
experimental setup is shown in Figured,

Fau) Hidden
A
Fault
C Type
G
F: (3B}
Figure 5. The proposed ANN Architecture

Figured. A photograpl of the complete experimental setup
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The new technology in the computer field has
introduced computer cards for interfacing betwcen
computers and external processes. Data Acquisition
Card (CIO-DAS1602/12) board is utilized. The
MATLAB 6.5 data acquisition toolbox is used,
providing a complete set of tools for
communicating and opcrating a variety of data
acquisition hardware. The PC can be configured to
read, analyze and scnd data through such a toolbox.
The phase voltages and currents must be converted
to a form that the DAQ board can accept. A design
of signal conditioning card has been built and tested
using Electronic Workbench program. The
proposed card consists of a power supply, voltage
circuit with maximum input of 250 V and current
circuit with maximum input of 5 A. The expected
output voltage and current levels are £10 V. The
subtracting circuit (V-]) reduced the acquired
signals to only three instead of six, enabling the PC
to get more samples for every cycle (T,=0.0025
sec). Components of the electronic circuit for only
one phase are shown in figure5. In this circuit the
voltage signal received from a voltage transformer
(not shown) is rectified through an H-bridge and a
capacitor is used in order to get the maximum peak
value, then a signal conditioning circuit is utilized
for wvoltage adjustment suitable for the PC
acquisition card. Same technique is introduced in
the current measuring circuit except that a shunt
resistance is used in the input signal for conversion
to the corresponding voltage level signal. The
outputs of V and 1 signal conditioning circuits are
subtracted to get the require signal corresponding to

- s
‘ b % Signal Conditioning

Measurement, signaf conditioning and subtraction efectronic circuit (for one phase)

the (V-I) value for cach phase to be fed to the PC
card. Filters may bc addcd to the circuit for noisc
rejection or overcoming any possible anti-aliasing
problems, howcver such filters will introduce
unwanted time delay in the actual acquired data.

5. Testing and Discussion

The complete set is practically connected and
examples of the running experimental results
obtained are shown in figures 6 and 8. The (V-1)
waveforms during normal and faulted conditions
are recorded using the PC as shown in Figure6 a, b
and c. For detection of fault type using ANN a
Matlab m-filc is written based on the flow chart
shown in Figure7. Applying different fault types on
the transmission line, the program on the PC was
able to detect the presence of the fault and trip the
ling, then using the recorded data to identify the
type of fault. Waveforms of the SADI of the
experimental setup for A to G fault could be seen in
Figure8. It can be seen that the experimental results
in figures 6 and 8 match with the corresponding
simulated results shown in figures 1 and 2. It should
be noted that the utilization of the PC data
acquisition card and the Matlab program has
introduced a powerful and interactive media
together with simplest and effective implementation
of the sophisticated ANN algorithm based on ANN
and real time tool boxes supported by the Matlab
program. The proposed technique may be also
implemented using a stand-alone micro-controller
or digital signal processor (DSP) based system with
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expected (aster response but with more
sophisticated software programming and hardware

connections.
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Figure6. (V-I) waveforms from the experimental setup a)

normal case b) A to G fault ¢) A to B to G fault
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6. Conclusions

This paper has implemented a simple technique
for fault type detection of transmission line using
ANN. The ANN was tested on simulated voltage
and current waveforms, proving its succession. The
PC is then used to monitor the voltage and current
waveforms of an experimental transmission line
module through a signal conditioning circuit. The
ANN is then used to detect the type of fault
occurring on the transmission fine and the PC acted
as an on-line relay to detect the type of fault and
trip the transmission line. Both simulated and
experimental results are correlated showing the
simplicity and effectiveness of the proposed
technique.
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