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ABSTRACT

Protection systems are crucial for ensuring the continuity and reliability of power systems.
Simulating the power system before its implementation helps improve protection strategies. This
study examines the coordination of non-directional overcurrent relays in a three-bus power
system modeled in the ETAP software. A three-phase short-circuit fault was applied, and load
flow analysis, short-circuit analysis, and relay coordination graphs were generated. To minimize
relay operating times, the widely used Particle Swarm Optimization (PSO) algorithm and the
Transit Search Optimization (TSO) algorithm, which was applied to relay coordination for the
first time, were utilized. The results indicate that TSO significantly reduced the total relay
operating time compared to both PSO and the calculated values. The total operating time, initially
1.428 ms, was reduced by 19.82% to 1.145 ms using PSO, and further reduced by 46.43% to 0.765
ms using TSO. Additionally, a direct comparison of PSO and TSO revealed that TSO achieved a
33.19% greater reduction in relay operating time than PSO. These findings suggest that TSO may
serve as a more effective optimization method for relay coordination compared to PSO.

Radyal Sistemde Asir1 Akim Rolesi Koordinasyonu
icin Gegis Arama Optimizasyonu ve Par¢acik Siiriisii
Optimizasyonunun Karsilastirmali Performans
Analizi

Oz

Koruma sistemleri, gii¢ sistemlerinin siirekliligini ve giivenilirligini saglamak i¢in kritik 6neme
sahiptir. Gli¢ sisteminin tesisinden once simiile edilmesi, koruma stratejilerini iyilestirmeye
yardimci olur. Bu ¢alismada, ETAP programinda olusturulan tig barali bir gii¢ sisteminde yonsiiz
agir1 akim rolelerinin koordinasyonu incelenmistir. Ug faz kisa devre arizasi uygulanarak yitk
akisi, kisa devre analizi ve réle koordinasyon grafikleri olusturulmustur. Rolelerin ¢aligma
stirelerini en aza indirmek igin, yaygin olarak kullanilan Pargacik Siirii Optimizasyonu (PSO)
algoritmasi ile réle koordinasyonunda ilk kez uygulanan Transit Arama Optimizasyonu (TSO)
algoritmas1 kullanilmistir. Elde edilen sonuglara gére, TSO hem PSO’ya hem de hesaplanan
degerlere kiyasla rélelerin toplam ¢alisma siiresini 6nemli 6l¢iide azaltmistir. Hesaplanan toplam
stire 1.428 ms olup, PSO ile %19.82 oraninda azaltilarak 1.145 ms’ye, TSO ile %46.43 oraninda
azaltilarak 0.765 ms’ye diigiiriilmustiir. Ayrica, PSO ve TSO karsilastirildiginda, TSO PSO’ya gore
role galigma siiresini %33.19 daha fazla azaltmistir. Bu bulgular, réle koordinasyonunda TSO’nun
PSO’ya kiyasla daha etkin bir optimizasyon yontemi olabilecegini gostermektedir.
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1. Introduction

The demand for electrical energy is steadily increasing. Therefore, the reliability of the power system and the
continuity of energy supply are crucial at all stages, from generation to consumption. Ensuring reliability and
continuity is heavily reliant on designing protection systems that align with operational conditions.

To prevent equipment damage and ensure stable operation during fault conditions, protective systems are
essential in distribution networks. Faults often cause significant fluctuations in current levels within short-
circuited areas. Devices like fuses and overcurrent relays react to these variations to safeguard the system. In
radial distribution networks, non-directional overcurrent relays are widely preferred because they offer a cost-
effective, straightforward, and dependable protection solution [1,2].

In power system design, operational safety must be prioritized under all conditions by accounting for worst-
case scenarios and selecting appropriate equipment. Faults in the system are inevitable, leading to high fault
currents that, if not promptly detected and cleared, can cause equipment damage and system instability.
Protection systems are integral to ensuring reliable operation, minimizing outage durations, and maximizing
power delivery efficiency within the distribution network [1].

Power systems are engineered to prevent harm to people, equipment, and property. This design is based on
criteria such as speed, reliability, selectivity, cost-effectiveness, and ease of operation [3,4]. Protection
equipment in power systems includes relays, which perform calculations using current and voltage data from
measuring instruments; circuit breakers, which operate according to relay commands in the event of a fault;
current and voltage transformers, which supply data to the relays; and auxiliary communication equipment.

The primary goal of protection in power systems is to maintain operation within specified voltage and current
limits, isolate faulted sections during malfunctions, and prevent damage to equipment and harm to personnel.
Due to the complexity of power systems, it is essential to model and simulate them in a virtual environment.
This enables a comprehensive analysis of system behavior and facilitates the implementation of protection
strategies for potential fault scenarios. As the number of overcurrent relays increases, coordinating their
operation has become a major challenge, further complicated by various system constraints. Optimization
techniques have proven effective in managing these challenges, significantly enhancing operational efficiency.

When examining the literature, numerous studies have focused on minimizing the total operating time of
relays through overcurrent relay coordination in radial networks. In one study [5], relay coordination was
performed using ETAP software, while in [6], the impact of integrating a solar power plant into a 13-bus test
system on relay coordination was analyzed and resolved using ETAP. Additionally, in [7], an adaptive
modified firefly algorithm (AMFA) was employed for relay coordination using both MATLAB and ETAP
software. In [8], the time multiplier setting required for relay coordination was optimized using the Two-
Phase Simplex and Particle Swarm Optimization (PSO) algorithms. These studies highlight the effectiveness
of ETAP software in power system modeling and relay coordination analysis, demonstrating its capability to
simulate fault scenarios and optimize protection settings with high accuracy.

Several studies have examined various optimization techniques to improve overcurrent relay coordination.
In [9], a genetic algorithm was applied with a proposed objective function to optimize relay settings for radial
and parallel feeders, effectively mitigating miscoordination between primary and backup relays. In [10], the
Time Dial Setting (TDS) of overcurrent relays was optimized using the Cuckoo Search Algorithm (CSA) and
compared with the Firefly Algorithm (FA), with ETAP simulations confirmed that CSA delivered superior
and more reliable relay coordination. In [11], the Bozkurt Optimization Algorithm (BOA) was successfully
applied to the IEEE 8-Bus test system, with a comprehensive performance analysis demonstrating its
effectiveness. Furthermore, the study in [12] tackled the overcurrent relay coordination problem at the
Hasangelebi transformer center using four different algorithms and found that the Whale Optimization
Algorithm (WOA) delivered the fastest solutions.

These studies emphasize the effectiveness of metaheuristic optimization algorithms in enhancing the
coordination of overcurrent relays. By employing advanced computational techniques, significant
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improvements in relay response time and overall protection system reliability can be achieved, thereby
increasing the efficiency and robustness of power system protection.

In [13], the Path-Finder Algorithm (PFA) and Neural Network Algorithm (NNA) were applied for the first
time to solve the overcurrent relay coordination problem. A performance analysis was conducted using three
test cases with objective functions for both directional and non-directional relays. Research in [14] applied
PSO to solve the overcurrent relay coordination problem. Similarly, the study in [15] applied PSO and the
Crow Search Algorithm (CSA) to coordinate directional and non-directional relays in power system
protection. Lastly, in [16], the Fidan Developmental Algorithm (FGA) and League Championship Algorithm
(LCA) were employed for overcurrent relay coordination, yielding effective results. These studies highlight
the diversity and effectiveness of metaheuristic approaches in addressing relay coordination challenges.

This study focuses on optimizing overcurrent relay coordination in power systems using both traditional and
novel metaheuristic algorithms. A three-busbar power system model was simulated in the ETAP software,
where load flow, short circuit analyses, and relay coordination graphs were developed. Particle Swarm
Optimization (PSO) and the newly introduced Transit Search Optimization (TSO) Algorithm were applied
to minimize relay operating times. The results demonstrated that the TSO algorithm outperformed PSO by
significantly reducing total relay operating times, highlighting its potential as an effective optimization
method for relay coordination.

The rest of this paper is organized as follows; Overcurrent relay coordination formulation for distribution
networks, parameters of radial network and information about different optimization algorithms are given in
Section II. Section III presents information about the application of the algorithms on sample test systems
and a comparative analysis with other algorithms. Conclusions are discussed in Section IV.

2. Material and Method

2.1. Overcurrent protection

This section is prepared in accordance with the following IEEE standards: IEEE Guide for Protective Relay
Applications to Distribution Lines (IEEE Std C37.230™-2020), IEEE Guide for Protective Relay Applications
to Transmission Lines (IEEE Std C37.113™-2015), and IEEE Recommended Practice for System Grounding
of Industrial and Commercial Power Systems (IEEE Std 3003.1-2019).

When a fault occurs in a power system, the fault current exceeds the current flowing under normal operating
conditions. To protect the system, overcurrent relays are connected to the equipment. When the nominal
current level is exceeded, an opening signal is sent to the breaker to prevent damage. The relationship between
the current through the overcurrent relay and its operating current is expressed as the current-time
(operating) characteristic. Based on this characteristic, relays can be configured to operate in either definite-
time or inverse-time mode. Typically, inverse-time mode is used for phase-to-phase faults, while definite-
time mode is preferred for phase-to-ground faults. Figure 1 illustrates the definite-time operating
characteristic of an overcurrent relay. In definite-time mode, if the fault current exceeds the relay’s set current
(I>) threshold, the relay will trip after a specific delay (t>). However, regardless of the current level, the relay’s
opening time remains constant until the instantaneous trip (I>>) setting is reached. Once the instantaneous
trip threshold (I>>) is reached, the relay activates immediately.
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Figure 1. Definite-time operation characteristic

Figure 2 shows the inverse-time operation curve of the overcurrent relay. In inverse-time mode, when the set
current threshold is exceeded, the relay's operating time decreases as the current level increases. This allows
for quicker isolation of higher fault currents. Current-time curves depend on standard specifications, and
Table 1 provides the coefficients for different inverse-time characteristics [3,17].

t(sn)
4

ACTI

»1 (A)
I= I==

Figure 2. Inverse time operation characteristic

Table 1. Constants of curve types for the ANSI/ IEEE relay

Curve Type Standard A B P

Moderately Inverse ANSI/IEEE  0.05 0.114 0.02
Very Inverse ANSI/IEEE  19.61 0.491 2.00
Extremely Inverse ANSI/IEEE  28.20 0.122 2.00

2.2. Selectivity and relay coordination

In a radial system, when multiple relays detect the same fault, the relay farthest from the source responds first,
while the relay closer to the source operates later. This process is known as selectivity or selective operation.
Configuring relays for selective operation is referred to as relay coordination. Figure 3 illustrates a simple
radial distribution system, including a grid, transformer, line, three circuit breakers (CB1, CB2, CB3), three
current transformers (CT1, CT2, CT3), three overcurrent relays (R1, R2, R3), and a load. When a fault occurs
at point F, all three relays detect it. Since relay R3 is closest to the fault, it should ideally send a trip signal to
circuit breaker CB3, isolating the fault at the third busbar to maintain power continuity for the rest of the
system. If relay R3 fails to send a trip signal, relay R2 should then send a trip signal to breaker CB2. If relay
R2 also fails, relay R1 would then operate, sending a trip signal to CB1 to isolate the faulty section from the
system. A coordination time interval exists between the operating times of these relays; when calculating CTI,
factors such as relay operating time, breaker operating time, and mechanical delays are also considered.

Grid Bus1 Bus2 Bus3

Figure 3. Radial distribution system relay coordination
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2.3. Radial grid parameters

Table 2 presents the parameters of the radial grid. For phase-to-phase faults, the grid's overcurrent relays are
coordinated using the standard inverse-time curve. As shown in Equation (1), generating this curve requires

the pickup current (/, ) and time dial setting (TDS) values. By optimizing these two parameters, the total

ickup
operating time of the relays can be minimized [9,18,19].

Table 2. Grid parameters
Component  Teknik Ozellikler

Ul Rated kV = 33
X/R=15
10 MVA

T1 33/ 6 kV

X/R=10 %Z=8
Cable 1: 10 km, XLPE CU 120 mm?*

Line Cable2: 5 km, XLPECU 95 mm?
Cable 3: 3 km, XLPECU 70 mm?
Current CT1, CT3, CT4: 300/1
Transformer ~ CT2: 1200/1
Circuit CBI1: 36 Kv 0.05 sec
Breaker CB2, CB2, CB3:7.2 Kv 0.05 sec
Relay R1, R2, R3, R4: Typical overcurrent relay
Lump 1: 2 MVA, 6 kV, (%80 Motor, %20 Static)
Load Lump 2: 1 MVA, 6 kV, (%80 Motor, %20 Static)

Lump 3: 2 MVA, 6 kV, (%80 Motor, %20 Static)

In order to perform the optimization process, the objective function is required. The objective function (OF)
used in overcurrent relay coordination is presented in Equation (1).

0F=3T, W, 0

where 1 denotes total number of relays in the system, and W, represents the weight coefficient. The weight
coefficient is set to 1 because the probability of failure across different feeders in the network is equal, and the
feeder distances are generally similar [3, 20, 21].

T . =TS x—2 13 )
L |

1

Pickup

Tl, , for phase fault at point & i it represents the operating time of the relay. This value is calculated by
Equation (2). where; TDS, i time setting of the relay; /. the magnitude value of the fault current measured

from the current relay; / the set threshold current value of the overcurrent relay; the indices A, Band P

Pickup
refer to the constant coefficients given in Table 1, which vary depending on the overcurrent relay
characteristic.

2.4. Constraints

There are some restrictions when performing overcurrent relay coordination. For example, in the inverse

time curve given in figure 4, [, operating time of the primary relay for fault current T iBp and the
operating time of the backup relay T(i pp €0 be determined as follows. The coordination constraint

between the relays is given in equation (3). In addition, TDS setting constraints, / Pickyp S€tting constraints
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and operating time interval constraints are also needed. These constraints are given in Equation (4)-(6)
respectively [2,17].

T(i.k)b
Tii,klp

tem

/

I

—» 1 (A)

Figure 4. Inverse time curve

Tiin=T o,z ®3)
TDS ;) in < TDSyy STDS ) e @)
I Pickup(sy min <1 Pickup, <I Pickup(s) max (5)
TDS ) in < TDS ;) <TDS ;) on ©)

2.5. Particle Swarm Optimization (PSO)

It is an algorithm developed based on the fact that the movements of certain animals moving in herds to find
food influence other individuals. Each individual searching for a solution is called a particle, and the collection
of these particles is known as a swarm. The basic outline of Particle Swarm Optimization (PSO) is as follows
[22,23]:

Step 1: Initialize the population of particles
Step 2: Evaluate the objective function
Step 3: Update the particle solutions

Step 4: Check the stopping criteria

Step 5: Determine the optimal TDS value and / based on these values, calculate the objective function

Pickup

In this study, 7DSand [ Pickup WeTE determined according to Equation (7)-(9).

Pk+1 :P,-k +vik+l (7)

1

k
where, P represents the initial position of the particle; k, k + 1 represents the iteration number. Then, the

velocity value (v) is updated to the position P;kﬂ .

K+l k k k
v, =wyv, +c.rnd, . (pbest,—p, )+c,.rnd,.(ghest —p,) 8)
where, pbest represents the best solution of the itA particle; gbest represents the best position of the swarm;
¢, and c, represent the weight coefficients; wrepresents the weight function; and rnd, and rnd; represent

the random number generators that produce values between 0 and 1.
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_ Uy
max
lb

where, the speed value Vi, is limited by the upper limit #, and the lower limit /, . The parameters of the

9)

PSO algorithm used in this study are presented in Table 3.

Table 3. PSO algorithm parameters

Number of Population Number of iterations ¢ G

20 60 2 2

2.5. Transit Search Optimization (TSO)

The Transit Search Optimization (TSO) algorithm is a novel astrophysics-inspired metaheuristic
optimization technique. It is based on the "transit method" used in exoplanet discovery, where periodic
reductions in a star’s brightness indicate the presence of a transiting planet. TSO adapts this principle to solve
optimization problems by balancing exploration and exploitation to find the optimal global solution. The
TSO implementation is divided into five phases: galaxy, transit, planet, neighbor, and exploitation. Figure 5
represent the details of the TSO. [24,25].

TSO is particularly effective in handling complex and large-scale optimization problems where classical
methods struggle. It has a wide range of applications in engineering, artificial intelligence, energy systems,
and machine learning.
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Neighbor Phase
e Follow all steps for the
‘l P ifiHie new planet i neighbor planet as the
v ® E is the best for planet phase.
Choose a galaxy and o thestar? ' 7
its center randomly. 1N
Define th.a4 habitable | Get the final location of If;h:tnf lf:b?: st —
zones of the galaxy the new planet after ror:he :lar; &
(SN* ns times) | detecting the light signals..
Determine the best | Define the observed
of ns stars. = Keep it as the best for
— the host star.
salaxy Phase
= v
/ v Determine the best planet
Detect any reduction in after neglecting the noise
the received light signals If the transit ) of location (SN times)
from stars and rank them. is observed? -
. Get the best one
Determine the distance of ns planets,
between the telescope Find the new Exploitation Phase
and the stars. brightness of stars. ¢
y ¥
Change each star’s location, detect the stars’
lights, and rank them.
\ Transit Phase /

Figure 5. Flowchart of TSO algorithm
2.5.1. Fundamental steps of the TSO algorithm:

a. Galaxy Phase:

The algorithm begins by selecting a random galaxy center in the search space. The habitable zones within the
galaxy are identified. Subsequently, the most promising regions with the highest potential are chosen for the
next phase. The optimal locations for stellar systems, denoted as Ls (regions highly likely to host life), are
illustrated in Figure 6. The locations of these regions are determined using Equations (10)-(12) as follows:

Ly, = Ly + D — Noise I =1,...,(nx SN) (10)
clLGalaxy - Lr . zZ = 1 (Negative)

- 11

clLGalaxy +Lr ! z :1 (POSitiVe) ( )

Noise = (c,)’L, (12)

1, . Number of host stars
SN :Signal-to-noise ratio
L r. - The fitness of the stellar system
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Ly, : The initial locations for the best regions of the stellar systems

L

Galaxy - The random location for the center region of the galaxy

Sign Border ~

Selected Stellar System

Center of the Selected Region

Figure 6. The selection process of the stellar systems by TSO
b. Transit phase:
The luminosity of stars is analyzed to detect potential transits. A decrease in the received light indicates the

presence of a planet, allowing its location to be determined. If no transit is detected, the algorithm explores
the best neighboring solutions. This phase is represented using Equations (13), (14) as follows:

Lie Rz/nzs
(di)

di=+(Ls — Lt)’ (14)

Li : The luminosity and Ri, the rank of the star i are represented

i=1,...,ns Riel,...,ns (13)

di : The distance between the telescope and the star i.

Lt : The telescope’s position (random)

c. Planet phase:

Planets corresponding to detected transits are identified, and their positions are refined by calculating
distances from both the host star and the observer. Figure 7 shows a planet transiting between the star and
the telescope. Figure 8 illustrates that, to account for the planet’s orbital position in the TSO, three zones are

defined and influenced by the application of the zone parameter (z) during the planet phase. This phase is
represented using Equations (15)-(18) as shown below:

Lz=(C8LT +RL LS)/2i=1,..,ns & C8 (random) =0 or 1

Lz :The initial location of the identified planet
Lm,j=Lz+C9Lrif z(random)=1 j=1,...,SNC9(random)=-1or 1 Aphelion region (15)

Lm, j=Lz+c9Lrif z(random)=2 j=1,.., SNC9 (random)=-1or I Perihelion region (16)

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yaymecilik 112



Arslanoglu, Nuroglu & Altas Gazi Muhendislik Bilimleri Dergisi: 11(1), 2025

Lm, j=Lz+cl0Lrif z(random)=3 j=1,..., SN C9 (random) = -1 or 1 Neutral region (17)
SN
2. Lm,j
Lp=—— (18)
SN

Lp: The detected planet's final location

Recieved brightness Recieved brightness (| )
o i - )
| =5 r' E'__, i o
*-’# L—#
L] L]
Telescope Host Star Telescope Detected Planct Haost Star
a. No-Transit b. Transit

Figure 7. Transit observed by the space telescope

- - -2
ot \\ Neuotral Region e TV
’ b —— i ".\
, -
§ b - \
! . o
Perihelion L Aphelion Region @
. F
Region o . ;
* 'I' "'"-n-..__‘__- #
~ r . ™ Fa
. - ~——— -
e ..1': Neutral Region B

*@._._ et =TT ee Ol

Figure 8. A planet’s orbit around a star and the corresponding zones in the algorithm.

d. Neighbore phase:

If no transit is observed, the algorithm examines nearby candidate solutions surrounding the previously
detected best solution. If a superior solution is identified, it replaces the previous one.

e. Exploitation phase:

The properties of detected planets (such as density, atmospheric composition, and habitability conditions)
are assessed. Additional information is integrated to further refine planetary characteristics. The optimal
overall solution is determined, thereby concluding the optimization process. This phase is represented using
Equations (19)-(22) as follows:

LE, j= C16 Lp+CI5K, if Ck = 1(State 1) (19)
LE, j=Cl16 Lp+ C15K, if Ck =2 (State 2) (20)
LE, j=Lp+CI15K,if Ck =3 (State 3) (21)
LE, j=Lp+CI5K,if Ck = 4 (State 4) (22)

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 113



Arslanoglu, Nuroglu & Altas Gazi Muhendislik Bilimleri Dergisi: 11(1), 2025

C15 (a random number) = [0,2]; C16 (a random number) = [0,1]; K= (C17)p Lr, C17 (a random vector) =
[0,1]; P (a random power) = [1...., SN]. LE: represents the characteristics of the planet

The phases of the proposed algorithm, along with their definitions and details, have been presented. To
more clearly illustrate the implementation process of the TSO, a general pseudocode is provided in
Algorithm 1 [24].

Algorithm 1. General pseudocode of the TSO algorithm
Inputs:
Number of host stars #,; Signal-to-noise ratio SN; The number of iterations n;
Outputs:
Location of the best planet ever Lp and its corresponded fitness fz
Initialization:
The initial location of the galaxy
do Galaxy phase using Algorithm 1
Return the Best Stars, Ls
While (Stopping condition is not met) do
do Transit Phase using Algorithm 2
fori=1:n,
if transit is detected
do Planet Phase using Algorithm 3
else
do Neighbor Phase using Algorithm 4
end
end
Return Lp; and its corresponded fitness (fp;) for each star
do Exploitation Phase using Algorithm 5
Return Lpand its corresponded fitness (fp;) for each star
end
Return Lpand its corresponded fitness (f3)

3. Modeling and Analysis of The Grid

A radial grid model was developed using the ETAP software environment, incorporating the parameters
specified in Table 2. The relay coordination curve was generated by performing load flow and short circuit
analyses, combined with calculations based on outcomes derived from both the Particle Swarm Optimization
(PSO) and Transit Search Optimization (TSO) algorithms.

Figure 9 presents the load flow analysis results, while Figure 10 illustrates the short circuit analysis. Figure 11
depicts the selectivity and relay coordination, and Figure 12 shows the calculated relay coordination curve.
Figure 13 highlights the overcurrent relay coordination achieved using the PSO algorithm, whereas Figure 14
highlights the overcurrent relay coordination utilizing the TSO algorithm. Figure 15 presents the optimal
objective function value obtained with both PSO and TSO. Additionally, Table 4 summarizes the relay
isolation times for the three-phase fault and the total isolation time of the relays.

Table 4. Operating times of relays

Calculated PSO TSO
Rela Rela Rela
Travir (kA) ey ey ey
Time ms Time ms Time ms

R1 0.262 863 665 367

R2 1.405 381 359 236

R3 1.812 120 66 88

R4 2.179 64 55 74

T

otal 1.428 1.145 765

Time
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Figure 9. Load flow analysis
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Figure 10. Short circuit analysis
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Figure 11. Selectivity and relay coordination
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Figure 13. Overcurrent relay coordination using PSO algorithm
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Figure 14. Overcurrent relay coordination using TSO algorithm
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4. Conclusion

This study aimed to optimize overcurrent relay coordination to enhance protection reliability and reduce the
total operating time in power systems. A three-busbar power system model was developed in ETAP, where
load flow analysis, short-circuit analysis, and relay coordination evaluations were performed in accordance
with industry standards and regulatory requirements. An efficient and reliable protection scheme is critical
for minimizing the adverse effects of faults on system stability and equipment longevity.

To achieve this, two metaheuristic algorithms (PSO, TSO) were employed to optimize relay settings. The
initial total operating time of the relays was calculated as 1.428 milliseconds, which was significantly reduced
through optimization. With the PSO algorithm, this value improved to 1.145 milliseconds, yielding a 19.81%
reduction in total relay operating time. The newly implemented TSO algorithm provided even better results,
achieving further reductions and reaching a total operating time of 0.765 milliseconds, representing a 46.42%
improvement compared to the initial value. Additionally, TSO outperformed PSO by reducing the relay
operating time by 33.19%. These results underscore the capability of advanced metaheuristic techniques in
minimizing fault clearance times, thereby enhancing system resilience and operational efficiency.

The findings indicate that metaheuristic algorithms can play a vital role in optimizing relay settings, enabling
adaptive, fast, and reliable protection schemes in complex power networks. In particular, the first-time
application of the TSO algorithm in relay coordination has shown promising results, suggesting its potential
as an alternative to traditional methods. Given the increasing complexity of power systems with distributed
generation and dynamic network configurations, future studies should explore hybrid optimization
approaches and real-time adaptive relay coordination techniques. Furthermore, additional investigations
using larger test systems and incorporating renewable energy sources could evaluate the adaptability of these
algorithms under varying fault conditions.

In conclusion, this study contributes to the ongoing research on overcurrent relay coordination by providing
a comparative analysis of both established and novel optimization techniques. The successful implementation
of TSO, along with its superior performance over PSO, highlights the importance of exploring new
computational intelligence methods to improve protection system efficiency. Future research may extend this
work by integrating other metaheuristic approaches, such as artificial neural networks and hybrid
optimization frameworks, to further enhance relay coordination and overall system protection reliability.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 118



Arslanoglu, Nuroglu & Altas Gazi Muhendislik Bilimleri Dergisi: 11(1), 2025

Conflict of Interest Statement

The authors declare that there is no conflict of interest

References

[1] A.J. Shendi, L. Mohammadian, R. Ghanizadeh, J. Pouladi, and J. Beiza, "Optimal synchronization of overcurrent relays in active
distribution networks using a hybrid genetic-differential optimization algorithm," Electrical Engineering, vol. 1, pp. 1-16, 2025.
doi:10.1007/500202-024-02919-2

[2] G. Mufioz-Arango, J. Mora-Florez, and S. Pérez-Londoiio, "Optimal data-driven adaptive overcurrent relay coordination for active
distribution networks," Electric Power Systems Research, vol. 228, p. 110078, 2024. doi:10.1016/j.epsr.2023.110078

[3] M. B. Atsever and M. H. Hocaoglu, "Optimal overcurrent relay coordination in distribution networks using finder algorithm," 2023.

[4] F. M. Nuroglu and A. B. Arsoy, "Central coordination relay for distribution systems with distributed generation," Turkish Journal of
Electrical Engineering & Computer Sciences, vol. 23, 2015. doi:10.3906/elk-1302-80

[5] S. Shaikh, S. Shaikh, A. M. Soomar, and S. H. H. Shah, "Coordination of protective relays in the substation," International Journal of
Power Electronics and Drive Systems (IJPEDS), vol. 14, no. 3, pp. 1471-1478, 2023. doi:10.11591/ijpeds.v14.i3.pp1471-1478

[6] M. T. Turan, Y. Ates, and E. Gokalp, "Enerji Dagitim Sistemlerinde Giines Enerji Santrali Entegrasyonu ve Role Koordinasyonu,"
EMO Bilimsel Dergi, vol. 8, no. 1, pp. 63-69, 2018.

[7] O. Seng, M. Pujiantara, A. Priyadi, and V. R. Mahindara, "Enhancement of Overcurrent Relay Coordination in Modern Industrial
Distribution System Using Adaptive Modified Firefly Algorithm," in 2023 International Seminar on Intelligent Technology and Its
Applications (ISITIA), July 2023, pp. 534-539. IEEE. doi: 10.1109/ISITIA59021.2023.10221107

[8] N. Banerjee, R. D. Narayanasamy, and O. G. Swathika, "Optimal coordination of overcurrent relays using two phase simplex method
and particle swarm optimization algorithm," in 2017 International Conference on Power and Embedded Drive Control (ICPEDC),
March 2017, pp. 118-121. IEEE. doi: 10.1109/ICPEDC.2017.8081071

[9] C. Jangid, S. Godwal, S. Chatterjee, and A. Nimje, "Optimum Overcurrent Relays Coordination of Radial and Parallel Distribution
Systems," in 2024 I[EEE Students Conference on Engineering and Systems (SCES), June 2024, pp. 1-6. IEEE. doi:
10.1109/SCES61914.2024.10652374

[10] R. A. Pratiwi, M. Pujiantara, and A. Priyadi, "Optimization of Time Dial Setting Overcurrent Relay Using Cuckoo Search Algorithm
Considering Inrush Current and Motor Starting," in 2024 11th International Conference on Information Technology, Computer, and
Electrical Engineering (ICITACEE), August 2024, pp. 128-133. IEEE. doi: 10.1109/ICITACEE62763.2024.10762774

[11] M. B. Atsever and M. H. Hocaoglu, "Asir1 Akim Réle Koordinasyonu igin Bozkurt Algoritmasinin Kapsamli Performans Analizi,"
Tiirk Miihendislik Arastirma ve Egitimi Dergisi, vol. 1, no. 2, pp. 52-61, 2022.

[12] O. Ozgiiner and E. Seyyarer, "Asir1 Akim Réle Optimizasyonunda Optimizasyon Algoritmalarinin Kargilagtirmali Analizi," 77irk
Doga ve Fen Dergisi, vol. 12, no. 4, pp. 25-32, 2023. doi: 10.46810/tdfd.1311104

[13] M. B. Atsever, O. Karacasu, and M. H. Hocaoglu, "Performance Analysis of Different Optimization Algorithms on Overcurrent
Relay Coordination Problem in Distribution Systems," in 2021 11th Smart Grid Conference (SGC), December 2021, pp. 1-6. IEEE.
doi:10.1109/SGC54087.2021.9664218

[14] M. Kheshti, B. S. Tekpeti, and X. Kang, "The optimal coordination of over-current relay protection in radial network based on
particle swarm optimization," in 2016 IEEE PES Asia-Pacific Power and Energy Engineering Conference (APPEEC), October 2016, pp.
604-608. IEEE. doi: 10.1109/APPEEC.2016.7779575

[15] O. Akdag and C. Yeroglu, "Giig sistemlerinde agir1 akim koruma koordinasyon modelinin olusturulmasi, benzetimi ve
optimizasyonu," Erzincan University Journal of Science and Technology; vol. 12, no. 1, pp. 202-214, 2019. doi: 10.18185/erzifbed.441911

[16] E. Seyyarer, C. Hark, F. Ayata, T. Ugkan, and A. Karci, "Fidan Gelisim ve Lig Sampiyonluk Algoritmalar1 Kullanarak Agiri-Akim
Rolelerin Optimum Koordinasyonu," Computer Science, vol. 3, no. 2, pp. 1-14, 2018.

[17] M. B. Atsever and M. H. Hocaoglu, "Mitigation of sympathy trips in highly cabled non-effectively earthed radial distribution systems
via MINLP," Electric Power Systems Research, vol. 220, p. 109377, 2023. doi: 10.1016/j.epsr.2023.109377

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 119



Arslanoglu, Nuroglu & Altas Gazi Muhendislik Bilimleri Dergisi: 11(1), 2025

[18] S. Ashraf, I. Evkay, U. S. Selamogullari, M. Baysal, and O. Hasan, "Performance analysis of the dual-setting directional overcurrent
relays-based protection considering the impact of curve types and fault location," Electric Power Components and Systems, vol. 51, no.
7, pp. 706-723, 2023. doi: 10.1080/15325008.2023.2182840

[19] A. Korashy, S. Kamel, A. R. Youssef, and F. Jurado, "Modified water cycle algorithm for optimal direction overcurrent relays
coordination," Applied Soft Computing, vol. 74, pp. 10-25, 2019. doi: 10.1016/j.as0c.2018.10.020

[20] Y. Ates, A. R. Boynuegri, M. Uzunoglu, A. Nadar, R. Yumurtaci, O. Erdinc, and J. P. Cataldo, "Adaptive protection scheme for a
distribution system considering grid-connected and islanded modes of operation," Energies, vol. 9, no. 5, p. 378, 2016. doi:
10.3390/en9050378

[21] Y. Ates, M. Uzunoglu, A. Karakas, A. R. Boynuegri, A. Nadar, and B. Dag, "Implementation of adaptive relay coordination in
distribution systems including distributed generation," Journal of Cleaner Production, vol. 112, pp. 2697-2705, 2016. doi:
10.1016/j.jclepro.2015.10.066

[22] 1. Arslanoglu and . H. Altas, "Modeling and analysis of a Radial Grid with Etap Program: Load Flow, Short Circuit Calculations and
Relay Coordination with PSO Algorithm," in JCENTE-24, Konya, Turkey, 2024, pp. 89.

[23] D. Saha, R. Nidhi, B. K. S. Roy, and M. Mukherjee, "Performance comparison of PSO, HGSO, and DE optimization techniques for
computation of directional overcurrent relay coordination in power systems," Engineering Review;, pp. 69-86, 2024.

[24] M. Mirrashid and H. Naderpour, "Transit search: An optimization algorithm based on exoplanet exploration," Results in Control
and Optimization, vol. 7, p. 100127, 2022. doi: 10.1016/j.rico.2022.100127

[25] M. S. Amin, M. A. Attia, A. K. Khamees, S. F. Mekhamer, H. Kotb, K. M. AboRas, and A. Yousef, "Development of AVR controller
performance using exponential distribution and transit search optimization techniques," Frontiers in Energy Research, vol. 12, p.
1356978, 2024. doi: 10.3389/fenrg.2024.1356978

This is an open access article under the CC-BY license

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 120



