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The difficulty of dealing with impedance protection lies in the lack of familiarity with the 

principle of operation of this type. This paper describes the process of creating an 

impedance relay model using the MATLAB/Simulink package. Detailed impedance relay 

and transmission line modeling and fault simulation were accomplished using the 

SimPowerSystems toolbox. Within this modeling framework, a three-phase fault was 

chosen as the fault type which is considered the most dangerous fault that the system may 

be exposed to. To enhance the user experience, a complete graphical user interface (GUI) 

was created within MATLAB for this model. The interactive nature of the graphical user 

interface was tested by applying faults in different locations related to the first, second, 

and third zones and the GUI displays all system information, the location of the fault, and 

the impedances of the protected areas simply and clearly for the three tested faults as well 

as fast response to detect the fault as its clear from voltage and current waveforms after 

faults detections. In addition, it gave a flexible ability to change the value of elements in 

the power system used and the type of impedance relay. 
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1. INTRODUCTION

The biggest challenge in electrical engineering these days is 

to ensure a high level of continuity in the delivery of electrical 

services to consumers under any circumstances. However, 

there are situations where unforeseen natural events or human 

mistakes can occur which may disrupt the delivery of services 

to customers. The causes of accidents include lightning, wind, 

avalanches, falling trees, plane collisions, traffic accidents, 

digging underground midwives, etc. To avoid equipment 

damage, long interruption of electrical service to consumers, 

and potential personal hazards [1]. 

Preventive relays play a role, in addressing conditions and 

reducing associated risks. In the past protective relays were 

mostly electromechanical, a technology that is still used in 

systems. However solid-state relays, which were introduced in 

the 1950s have become increasingly popular due to their 

advantages such, as improved accuracy, sensitivity, ease of 

testing, and maintenance. Recently researchers have been 

exploring the potential of microprocessor technology to 

develop reliable, safe, and efficient relay systems. Their goal 

is to minimize space and power consumption while achieving 

response times [2, 3]. 

One of the used techniques to ensure the safety of 

transmission lines is distance protection, which is based on 

measuring the line's impedance continuously. There are many 

kinds of distance relay properties such as Mho relay, 

Reactance relay, Simple impedance relay, and Ideal distance 

relay, etc. Each type of characteristic has a function and theory 

[1, 4]. 

To understand how relays work it is important to develop 

software representations of these devices. Modeling protective 

relays offers a cost-effective and practical option for 

examining how these relays perform. Electrical power 

equipment uses computer-based relay models to evaluate how 

the relays function in scenarios, such, as system disturbances 

and regular operations. This allows for adjusting the relay 

settings as required to ensure they work correctly [5, 6]. 

Many researchers have addressed the issue of modeling and 

simulation of different types of impedance relays using 

different engineering programs and tools such as 

PSCAD/EMTDC, ETAP, and MATLAB [7-11]. A few 

researchers deal with the use of graphical user interfaces (GUI) 

for different types of protective relays like differential relays 

[12] and distance relays [13] with simple and undetailed

designs.

MATLAB / SIMULINK is a potent analysis software 

platform package recognized worldwide, which can model, 

The SimPowerSystems toolbox, a part of Simulink provides 

users with the capability to simulate and analyze systems in a 

manner. It enables the examination of components, within a 

system, such, as three-phase transformers, three-phase loads, 

distributed line factors, circuit breakers, AC and DC 

applications, etc. [2, 14]. 

In this paper, a three-phase transmission system as well as a 

simple impedance relay was designed. The system was tested 

under several fault conditions. Also, to get a better 

understanding and soft performance, a detailed graphical user 

interface (GUI) was created using the AppDesigner for the 

model inside the MATLAB program through the interactive 

GUI environment. The GUI can run the simulation as well as 

showing line information, fault zone, and fault location. 
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2. METHOD AND TOOLS  

 

Impedance protection is the most widely used method to 

protect transmission lines, and it is based on measuring the 

line's impedance continuously. There are many types of 

impedance relays each type has it is own characteristics and 

theory [1, 4]. 

The Society of Power System Protection Engineers has 

classified transmission line protective relays according to the 

principle of work and properties such as Mho relay, Reactance 

relay, Simple impedance relay, and Ideal distance relay, etc. 

[1, 4]. 

 

2.1 Configuring and modelling of the system 

 

In this section, a three-phase system was designed. The 

system consisted of a three-phase power source, a three-phase 

transmission line, and the load. Table 1 and Figure 1 illustrate 

the chosen system-related parameters [13]. 

 

Table 1. System parameters 

 
Power System Data Value Unit 

Power system voltage 132,000 Volt 

Nominal frequency 50 Hz 

3-phase short circuit level at base voltage 300,000,000 VA 

Source X/R ratio 6 - 

Line length 50 km 

Positive sequence resistance 0.01239  
Zero sequence resistance 0.1239  

Positive sequence inductance 0.00043386 H/km 

Zero sequence inductance 0.00130157 H/km 

Positive sequence capacitance 1e-9 F/km 

Zero sequence capacitance 1e-9 F/km 

Active power 40,000,000 W 

Inductive reactive power 19,373,000 Var 

 

 
 

Figure 1. Chosen system 

 

2.2 Modelling of the impedance relay 

 

This section involves the modeling of each part of the 

impedance relay using MATLAB. The fundamental concept 

underlying the operation of impedance relays is based on the 

ratio of (V/I) at the relay location, as illustrated in Figure 2. 

This ratio (V/I) serves as a measurement of the impedance (Z) 

along the faulted line segment between the relay location and 

the point of the fault. Subsequently, this measured impedance 

is compared to a predefined threshold, and if Z falls within the 

specified range, the relay is activated [7].  

 

 
 

Figure 2. Impedance relay location 

The impedance protection devices relied on different 

philosophies aimed at dividing the lines into regions, and each 

region has specific boundaries [15, 16]. 

The range of Zone 1 impedance is usually set at 80% to 85% 

of the total impedance of the transmission line (depending on 

relay accuracy), leaving the rest of the impedance line as a 

safety margin. The first protection zone has no delay, i.e., 

works instantly [17, 18]. 

The second zone impedance must be set to cover 120% of 

the total line impedance or a maximum equal to the length of 

the protected line including 50% of the shortest adjacent line. 

The time of the second zone must be matched with the 

operating time of the first zone plus the cut-off time of the 

circuit breaker [18, 19]. 

The main purpose of zone three is to provide a backup 

defense line for faults that occur in the lines close to the remote 

bus, the reach of the third zone must be set to cover the 

impedance from the end of the second zone border to the end 

of the second line section [18, 19]. 

The relay model includes the zone setting presented in 

Figure 3. 

 

 
 

Figure 3. Impedance relay model 

 

2.3 Graphic user interface design 

 

A user interface (UI) is a visual presentation within one or 

more windows that includes components, also known as 

elements. Without the need to write scripts or enter commands 

via a command line, these components enable interactive 

activities for the user. Users are not required to understand the 

complex mechanics of task performance, unlike coding 

activities. The term "user interface components" refers to a 

variety of elements, including list boxes, push buttons, radio 

buttons, and toolbars. A UI built with MATLAB tools can also 

carry out a variety of computations, manage data file 

operations, connect to other UIs, and display data as tables or 

charts [20, 21]. 

The mechanism of action is based on the following principle: 

every component (part) of the GUI and even the interface as a 

whole is associated with one or more user-written routines 

known as callbacks. This type of programming is often known 

as event-driven programming. The event here is pressing the 

button. In event-driven programming, the execution of the call 

is synchronous, and it is controlled by events directed from 

outside the software [6, 20]. 

A graphical user interface is a window in which user-

managed components are added, these components can be 

selected and their size and position can be chosen. Using OM 

Callbacks can make Components do the work required when 

the user clicks on or manipulates the components, several 

components have been used and programmed to configure this 

interface and make it easier to understand the workings of the 

space stage. 
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2.3.1 Transmission line parameters 

The used system information is displayed statically in the 

graphic interface, which contains line voltage, frequency, 

phase difference angle, resistance, inductance, line 

capacitance, and also the length of the transmission line used 

as shown in Figure 4. 

 

 
 

Figure 4. Transmission line parameters graphic interface 

 

2.3.2 Line section and zone setting 

The location of the malfunction can be controlled by 

making the malfunction in any required segment, by dividing 

the segment into two parts, with a three-phase fault in the 

middle, and when pressing the selected segment, the 

malfunction occurs in that segment as presented in Figure 5(a) 

while the transmission line was divided into three protection 

zones as mentioned earlier, and Figure 5(b) shows the three 

protection zones which were displayed in the graphical 

interface. 

 

 
(a) 

 
(b) 

 

Figure 5. Graphic interface for (a) faulted line section (b) 

three protection zones 

 

2.3.3 Fault zone 

In the event of a malfunction within the scope of a certain 

area, the interface indicates the area in which the malfunction 

occurred as shown in Figure 6. 

 
 

Figure 6. Malfunction areas in the normal state 

 

2.3.4 Load data  

The load was represented as a series RLC circuit as shown 

in Figure 7. 

 

 
 

Figure 7. Load information graphic interface 

 

2.3.5 Fault location and fault resistance 

The fault location is easily selected via the Slider, by which 

a value can be set, where L represents the fault location relative 

to the length of the line and the value of fault resistance can be 

set simply as in Figure 8. 

 

 
 

Figure 8. Fault location and resistance graphic interface 

 

2.3.6 Relay impedance 

The visible impedance is shown by the relay in the graphical 

user interface, in Figures 9(a) and 9(b) the value of the 

perceived impedance is shown in the normal state without fault 

and fault state at 50% of the length of the first line. 

 

 
(a) 

 
(b) 

 

Figure 9. Relay impedance (a) without fault (b) with fault 
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2.3.7 Relay setting 

Usually, the relay is set to certain values for different 

regions. In the event of a fault, the impedance seen by the relay 

is compared with the relay setting values to determine the fault 

zone as shown in Figure 10.   

Finally, the graphical interface used, shown in Figure 11, 

was obtained. 

Using the system shown in Figure 12, firstly, variable fault 

locations were imposed in both line sections with a three-phase 

fault to the ground to obtain the results that represent the 

impedance seen by the relay in each case. 

Secondly by using system voltage and current as inputs to 

the second stage to locate the fault. Finally testing the 

information displayed on the graphic interface with the 

hypotheses that have been relied upon to prove the efficiency 

and accuracy of graphic interface design. 

 

 
 

Figure 10. Three zones adjusting 

 

 
 

Figure 11. Final graphical interface 

 

 
 

Figure 12. Power system model used with impedance relay 

 

 

3. RESULTS AND DISCUSSION 

 

After conducting the complete system model supported by 

GUI, the results were presented that show the voltage, current, 

and impedance seen by the relay for a three-phase fault to 

ground. Various fault locations were taken and these faults 

were applied to the first line and the second line. The line was 

divided into two parts, a part representing (50*L) and the other 

part representing (50*(1-L)), to study the response of the 

impedance relay to different areas of faults impedance seen by 

relay for different locations are recorded as shown in Table 2. 

 

1616



 

Table 2. Impedance values are seen by the relay 

 
Fault  

Location (%) 

R-Relay 

(ohm) 

X-Relay 

(ohm) 
Zone 

20 0.1247 1.385 1 

40 0.249 2.727 1 

60 0.3746 4.106 1 

85 0.5292 5.802 2 

95 0.5919 6.487 2 

115 0.7176 7.86 2 

140 0.8758 9.582 3 

180 1.132 12.35 3 

 

3.1 Fault at 20% of the first line length (first zone) 

 

In this case, the system was exposed to a malfunction in a 

location close to the beginning of the line with a distance equal 

to 20% of the length of the first line which is at the first zone, 

and then displayed the results in the graphical interface. Figure 

13 shows the graphical interface result and Figure 14 

represents the voltage and current during a three-phase fault at 

20% of the length of the first line. 

 

 
 

Figure 13. Graphical interface for a three-phase fault at 20% 

of the length of the first line 

 

 
 

Figure 14. Voltage and current for a three-phase fault at a 

distance of 20% of the length of the first line 

 

From Figure 13 it can be noted that the location of the fault 

is in the first zone and it is validated at the GUI result which is 

programmed to indicate “1” for the faulty zone and “0” for no 

fault while Figure 14 show the variation in the value of system 

voltage and current for one phase during fault. 

 

3.2 Fault at 85% of the first line length (second zone) 

 

In this case, the system was exposed to a fault with a 

distance equal to 85% of the length of the first line, and then 

the results were displayed in the graphical interface as shown 

in Figure 15. 

 

 
 

Figure 15. Graphical interface for a three-phase fault at a 

distance of 85% of the length of the first line 

 

While the system phase voltage and current are as shown in 

Figure 16. 

The location of the fault in this case and according to the 

impedance relay setting is in the second zone and this is 

achieved through the results shown in the Graphical interface 

which indicate “1”. However, the changes in system voltage 

and current present in Figure 16. 

 

 
 

Figure 16. Voltage and current for a three-phase fault at a 

distance of 85% of the length of the first line 

 

3.3 Fault at 40% of the second line length (third zone) 

 

In this case, the system was exposed to a fault with a 

distance equal to 40% of the length of the second line, and then 

the results were displayed in the graphical interface. Both 

locations are related to the third zone setting and it is  evident 

from the results shown in the application interface as 

illustrated in Figure 17, besides system voltage and current are 

shown in Figure 18. 

 

 
 

Figure 17. Graphical interface for a three-phase fault at a 

distance of 40% of the length of the second line 
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Figure 18. Voltage and current for a three-phase fault at 40% 

of the length of the second line 

 

Through the results presented for the three selected cases 

and a three-phase fault to ground, neglecting the effect of the 

fault resistance, the effectiveness of the operation of the 

graphical user interface was confirmed by displaying the value 

“1” or “ 0” which indicates the faulty zone, in addition to the 

change occurring in the values of voltage and current, and thus 

in the value of the impedance seeing by the relay, where are 

the normal voltage and current values are 5.16e4 V,228.8 A 

(RMS) before fault and it notices a decrease in the value of the 

voltage the closer the fault is to the source side, in contrast to 

the current, which increases significantly with proximity to the 

source, and this is shown in Table 3. 

 

Table 3. Voltage and current variation during faults 

 
Fault Location (%) Voltage (V) Current (A) Zone 

20 first line 2421 1748 1 

85 first line 8906 1529 2 

40 second line 1.365e4 1368 3 

 

 

4. CONCLUSIONS 

 

In this paper, the impedance protection relay was designed 

and displayed using MATLAB GUI to detect faults and 

display the impedance seen by the relay as well as display the 

location and area of the fault, after implementing and testing 

the model, the following points were concluded: 

• The simulation results for the fault type used and the 

location clearly show the exact performance of the impedance 

relay. 

• The versatility of the model and its applicability enhance 

its use in power system simulation. It can be used to 

understand how the impedance relay works and how to 

implement settings. 

• This complex security scheme can be easily implemented 

on a PC. 

• The relay determines the fault locations as expected, as the 

fault location is changed, and thus the measured impedance 

changes. 

• Through the impedance calculations seen by the relay, the 

model indicates the fault area in all cases. 

After all the above-mentioned features of the graphical user 

interface in terms of ease of handling and implementation, 

those interested in this field can apply the steps proposed in 

this paper to other types of faults such as single line to ground, 

line to line fault, and line to line to ground faults, with and 

without the effect of fault resistance, in addition to benefiting 

from the displayed signal of faulty zone to control the process 

of disconnecting the fault from the network. 
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