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Abstract – The fault location problem is one of the most important issues in power system operation and control. To obtain an 
experimental system for teaching and training electrical engineering students, this paper performed a study to design and implement 
a real-time fault location laboratory-scale model from practical hardware components. The impedance-based fault location method 
is embedded in the system to determine the distance to fault in the transmission line. Furthermore, the monitoring and controlling 
program is designed by the Matlab App Designer – A new professional app to create the graphical user interface and use the 
integrated editor quickly. Several fault types including three-phase fault, phase-to-phase fault, phase-to-ground fault are created 
to evaluate the performance of the fault location experimental system. The real-time measurement results which are acquired and 
observed on the user guide interface of the program confirm the effectiveness of the experimental system; therefore, the system can 
be considered a powerful tool for electrical engineering students.
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1. INTRODUCTION

Power transmission lines play a crucial role in a pow-
er system. They are used to connect power stations and 
substations, and for connections between substations 
as well. They aim to efficiently transmit large amounts 
of power energy at high voltages [1-3]. Depending on 
the voltage level, the transmission line has different 
characteristics, i.e., long distances. Although a short 
circuit rarely occurs during a power system operation 
process, it is one of the most extremely serious errors. 
A short circuit is caused by many different sources and 
has a lot of effect on the power system [4-6], such as 
blackout, instability, interruption, etc.

Several methods have been developed to locate the 
fault in transmission and distribution lines [7-11]. The 
method based on reactance measurement has been 
proposed to locate a fault on overhead transmission 
lines of alternating current electrified railway [12]. Ref. 
[13] proposed the least-square method based on im-

pedance to locate a fault in the ungrounded grids. In 
Ref. [14], the impedance-based method was modified 
for estimating the distance to the fault in transmis-
sion lines in the presence of the fault current limiting. 
On the other hand, the travelling-based fault location 
methods have been proposed for estimating the fault 
location in the distribution network, such as the unsyn-
chronized- and synchronized-based methods [15-19], 
the adaptive convolution neural network-based meth-
od [20, 21], and the single-end traveling wave fault lo-
cation method [17, 22, 23]. For hybrid distribution lines, 
the authors in [24] proposed the single-ended fault lo-
cation method based on the characteristic distribution 
of traveling wave along the transmission line.

For universities, electrical engineering students 
need to improve their knowledge about the fault loca-
tion system for power transmission lines. Due to cost 
and space requirements as well as the complexity of a 
practical power system, the university students have 
less chance to interact with a practical power system 
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to study and verify the theory that they learned in the 
lectures. Therefore, laboratory experiments are one of 
the best approaches to link the theory with the hands-
on skills of the students. For most students, laboratories 
are their first practical experiences and their excellent 
chances for not only achieving optimum learning expe-
riences, but also developing valuable skills for future em-
ployment. Besides, the university can improve the qual-
ity of training of future electrical engineers by promot-
ing their creativity and self-learning. One of the most 
important subjects for electrical engineering students 
is the relay protection in power system. The lessons of 
this subject are designed to help the students answer-
ing the following questions: “Which main components 
are included in a fault location system on transmission 
line?”, “Which signals from the measurement devices are 
applied for locating fault?”, “How does the fault location 
system respone when a fault occurs in the transmission 
line?”, “How can the system detect and identify accu-
rately the fault location on the transmission line?”, etc. 
These above teaching questions can be answerred via 
the simulation programs such as: EMTP, Matlab/Simu-
link programs, etc.; however, the biggest limited issue 
of these simulation programs is the measurement data 
and control signals not in real-time. To help student get 
more theoretical and practical knowledge about the 
fault location system, the main objective of this paper 
is to design and implement a real-time fault location 
laboratory-scale system for a power transmission line 
supplying a load via only one source. This experimental 
system is built using hardware devices of the authors’ 
smart grid laboratory for university students. In addition, 
its software is programmed on the Matlab platform for 
detecting, identifying, and locating faults which occur in 
a power transmission line.

2. DESIGN AND IMPLEMENTATION OF 
EXPERIMENTAL SYSTEM

2.1. HARDwARE UNIT

In a laboratory range, with a safety low voltage 
380/220 V, the paper designs an experimental sys-
tem based on the hardware components for locating 
faults in a power transmission line as shown in Fig. 1. 
The hardware devices in Fig. 1a consist of an adjustable 
three-phase power supply, a type-Pi transmission line 
module, a load module, two circuit breakers, two pow-
er quality meters, a switch unit. These devices are avail-
able in the authors’ smart grid laboratory, so students 
can easily access them to carry out various experiments 
for the designed system. Moreover, the personal com-
puter, which is communicated to the devices (the two 
meters and two circuit breakers) via the Ethernet proto-
col, is used to represent the monitoring and controlling 
center. The algorithm for detecting, identifying, and 
locating faults on the transmission line is implement-
ed on this computer and is run in real-time. The main 
specifications of the other hardware components in 
the experimental system are described as follows:

Firstly, the adjustable three-phase power supply is a 
voltage source which can adjust its output voltage in 
a range from 0 to 450V line-to-line voltage. This device 
is manufactured by Lucas Nuller, Germany. Its current 
rating is 5A and it is integrated with an overcurrent pro-
tection relay. In the fault location experimental system, 
this power supply is utilized to supply an appropriate 
voltage setpoint for several experiments. Secondly, the 
two solid-state switch modules are used to replace two 
circuit breakers in the system. These modules are also 
manufactured by Lucas Nuller, Germany. They are lo-
cated at the two ends to protect when a fault occurs in 
the line. Besides, they can communicate with the control 
center via the Ethernet interface; therefore, their IP ad-
dress will be set before they can receive the commands 
from the monitoring and controlling center. Thirdly, to 
measure, monitor, and control the experimental system, 
two PAC4200 power quality meters are also connected 
at the two ends of the line. These meters can measure 
all power quality parameters such as the frequency, volt-
age, current, power, etc. In addition, they can be commu-
nicated with the monitoring and controlling center via 
the Ethernet communication protocol, so every meter is 
also set to an appropriate IP address. In this experimen-
tal system, the two power quality meters continuously 
measure the parameters in real-time and send these 
parameters to the monitoring and controlling center to 
detect, identify, and locate accurately faults in the power 
transmission line. Observing Fig. 1, the current and volt-
age transformers are depicted to create the second-
ary measurement signals as the inputs of the PAC4200 
power quality meters; however, all the hardware devices 
selected to establish this experimental system are in the 
laboratory range having the voltage and current ratings 
of 400V and 5A, respectively.

Fig. 1. a) The schematic diagram of the real-time 
fault location experimental system, b) The detail 

model of the transmission line

(a)

(b)

The three-phase power transmission line utilized in 
this experimental system is a module which is manu-
factured by Lucas Nuller, Germany. 
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This module is also designed for applications in the 
smart grid laboratory, and it is based on the type-Pi 
transmission line model as shown in Fig. 1b. The specifi-
cations of this module consist of the line length 300km, 
the resistance 7.2Ω, the inductance 230mH, the capaci-
tance between phase to ground 1.1μF, and the capaci-
tance between phase-to-phase 300ηF. The real-time 
fault location experimental system is shown in Fig. 2.

Fig. 2. The hardware unit of the real-time fault 
location experimental system

2.2. SOFTwARE UNIT

In this paper, the 2021a version of Matlab software 
was applied to design the fault location program on 
the transmission line. In this version, Matlab sofware is 
equipmented some advanced packages such as Mod-
bus Explorer, App Designer, etc. Using the packages to 
test easily the connection between the hardware plat-
forms and the software program. In addition, they can 
be used to design the friendly user guide for monitor-
ing and controlling the fault location system. Moreover, 
the students can easily use the commands of Matlab 
to create a private program to test and record the re-
sponses of the hardware components in real-time.

The Modbus Communication toolbox of Matlab sup-
ports Modbus interaction via the TCP/IP or Serial RTU 
protocol. It can be used to communicate with the Mod-
bus servers such as PLC, DSP, etc. as well as for read-
ing data from a measurement device, controlling, and 
monitoring the temperature and humidity from the 
sensors. Besides, the coils and registers can be read by 
using the Modbus Explore toolbox that has a friendly 
user guide interface. Therefore, the Modbus Explorer 
was used to check the read and write commands from 
the hardware units including: the PAC4200 power qual-
ity meters and circuit breaker modules via the Ethernet 
network. The user guide interface of Modbus Explorer 
is shown in Fig. 3. The command syntaxes in Modbus 
Communication are used to declare, read, and write as 
shown in Table 1.

Fig. 3. The Modbus Explorer application to check 
the read and write commands

Table 1. The commands of Modbus Communication

Syntax Function

modbus Create Modbus object

read Read data from a Modbus server

write Perform a write operation 
to the connected Modbus server

writeRead Perform a write then read operation on groups of 
holding registers in a single Modbus transaction

maskWrite Perform mask write operation on a holding register

instrhwinfo Information about available hardware

clear Remove instrument objects from Matlab workspace

2.3. IMPLEMENTED ALGORITHM

The signal processing technique applied in the 
PAC4200 power quality meters is Discrete Fourier 
Transform (DFT). The voltage and current signals are 
sampled and processed to calculate the parameters for 
identifying and locating faults on the transmission line. 
The background of the DFT is briefed as follows [25]:

The continuous-time voltage and current signals as 
the inputs of the power quality meters can be defined 
with Fourier series representation. In addition, these 
discrete-time signals can be represented within finite 
duration in practice. An alternative transformation is 
called DFT for a finite-length signal, which is discretized 
in frequency. The frequency range of discrete-time sig-
nals is defined over the interval between –π to π. A peri-
odic digital signal consisted of N samples is to separate 
the frequency components into 2π/N radians intervals 
by dividing the frequency-domain. Then, Fourier series 
representation of the discrete-time signal will consist of 
N frequency components [25]. The general Fourier series 
representation of a periodic signal (x(n)) is expressed as:

(1)

where N is the harmonic index related with the expo-
nentials function (ejk(2n/N)n) for k = 0, 1,…, N-1, ck is the 
coefficients of the Fourier series.
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The coefficients ck are calculated as:

(2)

The coefficients ck of Fourier series are the form of a 
periodic sequence of fundamental period N. The tim-
edomain spectrum of a periodic signal can be repre-
sented as periodic sequence with DFT. The frequency 
analysis of discrete-time periodic signals (sin(nt) and 
cos(nt)) involves Fourier transform of the time-domain 
signal. DFT is defined as multiplication of N samples 
x(n) with N discrete frequencies. These samples are 
taken at discrete frequencies (ωk = 2πk/N), where k = 
0, 1, ..., N-1, between 0 ≤ ω ≤ 2π. This means that X(ω) is 
evaluated at the successive samples by equally spaced 
frequencies. X(ω) is given in the following.

(3)

DFT is a mapping between N samples x(n) of the tim-
edomain into N samples X(ω) of the frequency-domain. 
This gives the opportunity to compute DFT of the peri-
odic and the finite-length signals. The frequency-domain 
spectrum of a periodic sequence can be re-obtained as 
the periodic signal by using inverse discrete-time Fourier 
transform (IDFT). IDFT can be defined by using the fre-
quency samples of X(k). It is given in the following.

(4)

IDFT shows that there is no loss information by trans-
forming the frequency spectrum of X(k) back into the 
original time sequence of x(n).

a) The button START

When the button START is pressed, the program will 
perform to get the IP addresses of the two PAC4200 me-
ters. The program then initiates the Modbus communica-
tion, reads measurement data from the registers of the 
two meters via the Ethernet network, sets the read val-
ues to the user guide interface of the program. If a short 
circuit occurs, the current at the beginning of the line 
will be compared with the pickup value to send the trip 
command to the two circuit breakers. When the button 
START is pressed, the program will perform the function 
STARTButtonValueChanged(app, event) as follows:

function STARTButtonValueChanged(app, event)
value = app.STARTButton.Value;
            if value == 1
                app.STARTButton.Text = 'STOP';
            else
                app.STARTButton.Text = 'START';
            end
            Add_1 = app.Address1.Value;
            m1 = modbus('tcpip', Add_1, 502);
            Add_2 = app.Address2.Value;

            m2 = modbus('tcpip', Add_2, 502);
            ok = 1;
            while ok == 1
Data1 = read(m1, 'holdingregs', 2, 18, 'single');
Data2 = read(m2, 'holdingregs', 2, 18, 'single');
app.Ua1.Value = Data1(1);
app.Ub1.Value = Data1(2);
app.Uc1.Value = Data1(3);
app.Ia1.Value = Data1(7);
app.Ib1.Value = Data1(8);
app.Ic1.Value = Data1(9);
app.Sa1.Value = Data1(10);
app.Sb1.Value = Data1(11);
app.Sc1.Value = Data1(12);
app.Pa1.Value = Data1(13);
app.Pb1.Value = Data1(14);
app.Pc1.Value = Data1(15);
app.Qa1.Value = Data1(16);
app.Qb1.Value = Data1(17);
app.Qc1.Value = Data1(18);  
app.Ua2.Value = Data2(1);
app.Ub2.Value = Data2(2);
app.Uc2.Value = Data2(3);  
app.Ia2.Value = Data2(7);
app.Ib2.Value = Data2(8);
app.Ic2.Value = Data2(9);
app.Sa2.Value = Data2(10);
app.Sb2.Value = Data2(11);
app.Sc2.Value = Data2(12);
app.Pa2.Value = Data2(13);
app.Pb2.Value = Data2(14);
app.Pc2.Value = Data2(15);
app.Qa2.Value = Data2(16);
app.Qb2.Value = Data2(17);
app.Qc2.Value = Data2(18);
value = app.STARTButton.Value;
if value == 0
ok = 0;
app.Notification.Text = '';
clear m1 m2;
end
mode = app.Faultlocation.Value;
if (max(Data1(7:9)) >= 0.35) & (mode == 1)
ok = 0;
app.Notification.Text = '';
clear m1 m2;
app.m1.Value = Data1(1)/Data1(7);
app.STARTButton.Text = 'START';
app.STARTButton.Value = 0;
OffCB1ButtonPushed(app, event);
OffCB2ButtonPushed(app, event);
end
end

end
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b) The button STOP
The buttons STOP and START are designed by a button 

on the user guide interface. If the button STOP is pressed, 
the program will stop the while loop that is running.

c) The button RESET

The function of the button RESET is to reset all values 
on the user guide interface to the initial values.

d) The button for closing the CB1

When pressing the button ON above the circuit break-
er CB1, the program will initialize the Modbus commu-
nication with the IP address of the CB1: 192.168.168.15. 
The program will then perform the commands to write 
the value 1 on the coils 1 and 5; other coils will be written 
with the value 0. Therefore, the circuit breaker CB1 will be 
closed to supply the transmission line. At that time, the 
color of the circuit breaker CB1 will be changed to the 
green color. The function OnCB1ButtonPushed(app, 
event) to close the circuit breaker CB1 at the beginning 
of the line as follows:

function OnCB1ButtonPushed(app, event)
 m_cb = modbus('tcpip', '192.168.168.15', 502);
 write(m_cb, 'coils', 1, 1)
 write(m_cb, 'coils', 2, 0)
 write(m_cb, 'coils', 3, 0)
 write(m_cb, 'coils', 4, 0)
 write(m_cb, 'coils', 5, 1)
 write(m_cb, 'coils', 6, 0)
 app.LabelCB1.BackgroundColor = 'Blue';
end

e) The button for tripping the CB1

When pressing the button OFF above the circuit 
breaker CB1, the program will initialize the Mod-
bus communication with the IP address of the CB1: 
192.168.168.15. The program will then perform the 
commands to write the value 1 on the coils 1 and 6; 
other coils will be written with the value 0. Therefore, 
the circuit breaker CB1 will be tripped. At that time, 
the color of the circuit breaker CB1 will be changed to 
the red color. The function OffCB1ButtonPushed(app, 
event) to trip the circuit breaker CB1 at the beginning 
of the line as follows:

function OffCB1ButtonPushed(app, event)
 m_cb = modbus('tcpip', '192.168.168.15', 502);
 write(m_cb, 'coils', 1, 1)
 write(m_cb, 'coils', 2, 0)
 write(m_cb, 'coils', 3, 0)
 write(m_cb, 'coils', 4, 0)
 write(m_cb, 'coils', 5, 0)
 write(m_cb, 'coils', 6, 1)
 app.LabelCB1.BackgroundColor = 'Red';
end

f) The button for closing the circuit breaker CB2

When pressing the button ON above the circuit break-
er CB2, the program will initialize the Modbus commu-
nication with the IP address of the CB2: 192.168.168.16. 
The program will then perform the commands to write 
the value 1 on the coils 1 and 5; other coils will be writ-
ten by the value 0. Therefore, the circuit breaker CB2 
will be closed to supply the load. At that time, the color 
of the circuit breaker CB2 will be changed to the green 
color. The function OnCB2ButtonPushed(app, event) to 
close the circuit breaker CB2 at the ending of the line 
as follows:

function OnCB2ButtonPushed(app, event)
 m_cb = modbus('tcpip', '192.168.168.16', 502);
 write(m_cb, 'coils', 1, 1)
 write(m_cb, 'coils', 2, 0)
 write(m_cb, 'coils', 3, 0)
 write(m_cb, 'coils', 4, 0)
 write(m_cb, 'coils', 5, 1)
 write(m_cb, 'coils', 6, 0)
 app.LabelCB2.BackgroundColor = 'Blue';
end

g) The button for tripping the CB2

When pressing the button OFF above the circuit break-
er CB2, the program will initialize the Modbus commu-
nication with the IP address of the CB2: 192.168.168.16. 
The program will then perform the commands to write 
the value 1 on the coils 1 and 6, other coils will be writ-
ten by the value 0. Therefore, the circuit breaker CB2 
will be tripped. At that time, the color of the circuit 
breaker CB2 will be changed to the red color. The func-
tion OffCB2ButtonPushed(app, event) to trip the circuit 
breaker CB2 at the ending of the line as follows:

function OffCB2ButtonPushed(app, event)
 m_cb = modbus('tcpip', '192.168.168.16', 502);
 write(m_cb, 'coils', 1, 1)
 write(m_cb, 'coils', 2, 0)
 write(m_cb, 'coils', 3, 0)
 write(m_cb, 'coils', 4, 0)
 write(m_cb, 'coils', 5, 0)
 write(m_cb, 'coils', 6, 1)
 app.LabelCB2.BackgroundColor = 'Red';
end

The above codes are programmed in Matlab sofware 
to design and implement the fault location experimen-
tal system via the algorithm as shown in Fig. 4. All mea-
surement data from the power meters are continuously 
read to calculate the fault location results when a fault 
occurs on the transmission line. In addition, the con-
trol buttons on the user guide are programmed by the 
codes in each function to run the program.
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Fig. 4. The algorithm of the real-time fault focation 
experimental system

The Matlab App Designer is used to design the user 
guide interface of the fault location program on the 
transmission line. After all hardware devices are cor-
rectly connected according to the diagram schematic 
in Fig. 1, a computer is used as a center unit to acquire 
and process all the signals from the hardware devices. 
The user guide interface of the fault location program 
is designed as shown in Fig. 5. The upper side of the 
user guide interface shows the diagram schematic and 
the buttons ON and OFF for closing/tripping the two 
circuit breakers of the transmission line. To correctly 
connect the program to the hardware devices of the 
experimental system via the Ethernet protocol, the IP 
addresses of the two PAC4200 power quality meters 
must be exactly declared on the user guide interface. 
In addition, the IP addresses of the two circuit breakers 
are established in this program. The IP addresses of the 
hardware devices are connected via the Ethernet pro-
tocol as shown in Table 2.

Table 2. The IP addresses of the hardware devices

No. Hardware device IP address

1 The PAC4200 power quality meter  
at the beginning of the line 192.168.168.11

2 The PAC4200 power quality meter  
at the ending of the line 192.168.168.12

3 The circuit breaker  
at the beginning of the line 192.168.168.15

4 The circuit breaker at the ending of the line 192.168.168.16

On the user guide interface, the open and closed sta-
tuses of the circuit breakers are remotely controlled via 
the On and Off. Moreover, the off and on statuses are 
represented by the red and green colors, respectively. 
The measurement data including voltage, current, ac-
tive power, reactive power, and apparent power from 
the two PAC4200 power quality meters are continuous-
ly read in real time to display on the user guide inter-
face. Therefore, the user can easily monitor the opera-
tion of the transmission line. In the fault mode, the cen-
ter processing unit will detect and send the trip com-
mand to trip simultaneously the two circuit breakers of 
the line. At the same time, the fault location methods 
will use the measurement data from the PAC4200 me-
ters to determine the fault location and to display the 
experimental results on the user guide interface.

Fig. 5. The user guide of the program

3. EXPERIMENTAL RESULTS AND DISCUSSION

To carry out experiments, the hardware devices are 
connected according to the schematic diagram as 
shown in Fig. 1. The IP addresses of these power quality 
meters, and circuit breakers are established and com-
municated with the monitoring and controlling center 
via the Ethernet communication protocol.

3.1.  NORMAL OPERATION MODE 
 wITHOUT LOAD

Controlling the circuit breakers remotely at two ends 
of the transmission line is performed via the buttons 
ON and OFF on the user guide interface. When the 
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program is started, the circuits is at the open status; 
therefore, the user allows to close the circuit breaker 
CB1 to supply power for the transmission line. The line 
is working without load and all measurement data in 
this case is monitored and displayed on the user guide 
interface as shown in Fig. 6. Observing on Fig. 6, it can 
be clearly seen that the currents at the PAC4200 power 
quality meter at the beginning of the line are IA = 0.07 
A, IB = 0.07 A, and IC = 0.07 A for the phases A, B, and 
C respectively. These currents of three phases are due 
to the pi-model of the line, the reactive power of the 
line is injected into the system. As a result, the voltages, 
the currents, active powers, reactive powers, and appar-
ent powers at the beginning of the line are shown in Fig. 
6. Moreover, as the reactive power injected by the line, 
the voltages at the ending of the line are UA = 53.92 V, 
UB = 53.09 V, and UC = 54.58 V for the phases A, B, and 
C, respectively while the voltages at the beginning of 
the line are UA = 50.71 V, UB = 49.89 V, and UC = 51.29 V 
for the phase A, B, and C, respectively. Therefore, in this 
case the voltages at the ending of the line are higher 
than the voltages at the beginning of the line.

Fig. 6. The operation mode of the line without load

3.2. NORMAL OPERATION MODE wITH LOAD

In this mode, the circuit breaker at the ending of the 
line is closed to supply power to the resistance load. 
The load is represented by three 220 V, 60 W bulbs. The 
experimental results of this mode are presented in Fig. 
7. It is clear that the currents at the beginning of the 
line (IA = 0.13 A, IB = 0.13 A, and IC = 0.13 A) and at the 
ending of line (IA = 0.13 A, IB = 0.12 A, and IC = 0.12 A). In 
addition, the active, reactive, and apparent powers are 
also shown in Fig. 7.

To supply the load at the ending of the transmis-
sion line, the user must close the circuit breaker CB2 at 
the ending of the line. The resistance loads in this case 
study are three 220 V, 60 W bulbs. The currents will be 
increased depending on the resistance loads. As a result, 
the monitoring results in this case are displayed in Fig. 7. 
From Fig. 7, the currents at the beginning of the line are 

IA = 0.13 A, IB = 0.13 A, and IC = 0.13 A for the phases A, B, 
and C, respectively and the currents at the ending of the 
line are IA = 0.13 A, IB = 0.12 A, and IC = 0.12 A. Besides, 
the active powers, reactive powers, and apparent pow-
ers are also shown on the user guide interface. For the 
voltages, it can be clearly seen that the voltages at the 
beginning of the line (UA = 50.07 V, UB = 49.20 V, and UC 
= 50.65 V) are higher than the voltages at the ending of 
the line (UA = 50.10 V, UB = 49.43 V, and UB = 51.05 V).

Fig. 7. The operation mode of the line with load

3.3. FAULT MODE

To establish faults in the experimental system, one 
side of a circuit breaker is connected to the ending of the 
line and the other side of the circuit breaker is connected 
to obtain several fault types including: ABCG, AB, AC, BC, 
AG, BG, and CG. As shown in Fig. 1, the schematic dia-
gram of the real-time fault location experimental system 
consists of a type-Pi transmission line model. The limita-
tion of this experimental system is only one transmission 
line model; therefore, the end of the line can be only ap-
plied to investigate the performance of this system. In 
addition, it is assumed that the faults are solid faults with 
the fault resistance of RF = 0Ω. The experimental results 
for these faults are shown in the figures below.

Fig. 8 shows the monitoring, identifying, and locating 
experimental results when the three-phase fault ABCG 
at the ending of the line with the fault resistance of RF 
= 0Ω. It can be clearly seen that all measurements at the 
ending of the line are zero because the voltages and 
currents equal zero. However, the currents at the begin-
ning of the line are the three-phase fault currents (IA = 
0.59 A, IB = 0.59 A, and IC = 0.59 A). These current values 
are higher than the pickup value Iset = 0.25 A; therefore, 
the program detects the fault and then sends the sig-
nal to trip two circuit breakers of the line (CB1 and CB2 
are changed to the open status). In addition, the three-
phase fault ABCG is clearly shown in the frames of fault 
identification and the fault location results on the user 
guide interface are at the location with m = 99.82%, L = 
299.45 km, and Error = -0.18%.
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In this paper, two unbalanced faults including the 
BC fault and AG fault are created and shown in Fig. 9 
and Fig. 10, respectively. The fault location results are 
97.32% for the BC fault and 100.09% for the AG fault. 
On the other hand, the identification results and the 
status of the circuit breakers are displayed accurately 
on the user guide interface for each fault.

Fig. 8. The experimental result of the ABCG fault

Fig. 9. The experimental result of the BC fault

Fig. 10. The experimental result of the AG fault

The fault location results for the different fault types 
are also carried out in this paper and they are shown in 
Table 3. These experimental results confirm that the de-
signed system can help electrical engineering students 
to practice with all fault types.

Table 3. The results for the different fault types

Fault type Z (Ω) m% L (km) Error (%)

ABCG 84.85 99.82 299.45 -0.18

AB 85.02 100.02 300.07 0.02

BC 82.72 97.32 291.97 -2.68

AC 85.49 100.57 301.71 0.57

AG 85.07 100.09 300.26 0.09

BG 84.45 99.36 298.07 -0.64

CG 84.85 99.83 299.48 -0.17

4. CONCLUSION

The paper presented an idea to design and imple-
ment a real-time fault location experimental system 
in a laboratory range. The hardware devices are con-
nected to build an experimental system in which the 
type-pi three-phase power transmission line is a main 
device. Furthermore, the real-time measurement data 
is continuously monitored at the monitoring and con-
trolling center via the Ethernet communication proto-
col. The software program with the friendly user guide 
interface is designed to detect, identify, and locate 
faults that occur in the power transmission line. The 
main function of the experimental system is to train the 
electrical engineering students in how to understand 
the fault location issue in real power systems.

For future works, the authors will develop the experi-
mental system by additional functions such as varying 
the fault locations as well as the fault resistances along the 
line. Machine learning and artificial intelligence methods 
will be applied in the software unit of the experimental 
system to help students approach these methods.
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