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Abstract

The duty of protective systems is the timely detection of fault and removing it from the power
network. The accuracy of the results and reducing the execution time of the optimizing algorithm are two
crucial elements in selecting optimizing algorithms in protective functions. The most important protective
elements that are used in power networks are distance and overcurrent relays. In this article, a new
algorithm is presented to solve the optimization problem of coordination of overcurrent and distance relays
by using Cuckoo Optimization Algorithm which considers the non-linear model overcurrent relays at all
stages of setting. The proposed method is tested on a standard 8-bus power system network. Also the
results obtained have been compared with other evolutionary algorithms. The results show that
the proposed approach can be provide more effective and practical solutions to minimize the time function
of the relays and achieving optimal coordination in comparison with previous studies on optimal
coordination of overcurrent and distance relays in power system networks.
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1. Introduction

One of the mainly common protective relays used in power systems from various faults
is the overcurrent relay. Overcurrent relay (OCR) is a type of protective relay which operates
when the load current exceeds a preset value [1, 2]. Overcurrent relays are used as both
primary and backup protection for heavily meshed and multi-source power network. Low cost
and simplicity to implement are the merits of overcurrent relay application for Power system
protection [3]. The issue of coordination of overcurrent relays includes time setting multipliers
(TSM) and plug setting (PS) with applying related constraints on operating time difference
between backup and primary relays [4]. Over the past five Decades, several studies have been
carried out on optimal coordination of overcurrent relays. These studies can be divided into
three categories: 1) Trial and error method 2) Structural analysis method 3) Optimization
method [5-8]. In recent years, artificial intelligence methods and nature-inspired algorithms such
as Evolution Programming [9], Genetic Algorithm (GA) [10-12], Particle Swarm Algorithm (PSO)
[13, 14] among others are used to solve the issue of optimal coordination of overcurrent relays.
The pickup value of an overcurrent relay must be set between the maximum load current and
the minimum fault current experienced by the relay. In high voltage and extra-high voltage
networks, these parameters are often not well defined, for a safe selection of a pickup setting.
For such cases, the distance relay furnishes excellent protection under all circumstances.
Therefore, in transmission and subtransmission systems, the coordination of O/C and distance
relays should be considered [15-18].

Today’s power systems are very complex, large and interconnected. Because of the
increasing dependence on electricity, ensuring its delivery in a secure and reliable manner is
very importance to both customers and suppliers. On the other hand, short circuit conditions can
occur unexpectedly in any part of a power system. The incidence of the fault is harmful and
must be isolated by a set of protective devices. These lead to the need for a large number of
protective relays cooperating with one another to assure the secure and reliable operation of a
whole [19]. Relay Coordination in a meshed power network in highly tedious and time
consuming affair. If any relay fails to respond the fault it is backed by another relay. The
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operation of primary relay is quick and back up relay operates after a certain time margin [20]. In
fact relay coordination problem is to determine the sequence of relay operations for each
possible fault location so that the faulted section is isolated with sufficient margins and without
excessive time delays [21]. This study is a novel approach based on Cuckoo Optimization
Algorithm (COA) which is presented to solve the optimal coordination of overcurrent and
distance relays to improve the accuracy of the results and reducing the execution time of the
optimizing algorithm. When the network is protected with distance relays, each line is protected
by the main and backup relay of its line. By placing overcurrent relays along with distance
relays, protective territory of the transmission network will expand. If a disturbance occurred,
initially main distance relay will operates and if it fails to clear fault, overcurrent relay will
operates. If main relay fails to operate, the backup distance relay will operate and if it fails to
operate ultimately backup overcurrent relay must isolate the faulted section [22].

This article proposes an intelligent O/C-O/C and O/C-distance relays coordination
method based on Cuckoo Optimization Algorithm (COA). The distance relay is considered as
the main relay and the overcurrent relay (O/C) is as the backup relay. In this method, from
multiple zones of protection are used to cover the entire line dependably and securely. Also,
from 50 to 200% in steps of 25%, the current setting multipliers (PS) is changed to make the
investigation more practical COA which has the advantages of three well known algorithms DE,
GA and PSO. Sharing information between solutions is one of the GA's features [23]. In PSO,
from each iteration to the next, solutions are saved but each saved solution is capable to learn
from its neighbors and simultaneously with the progression of the algorithm, adapt itself [24].
Therefore, containing these features simultaneously, causes the superior performance of COA
algorithm. This novel evolutionary algorithm, is suitable for continuous nonlinear optimization
problems. Application of the proposed algorithm to some benchmark functions and a real
problem has proven its capability to deal with difficult optimization problems. The key features of
COA are the faster convergence rate and reduce computational complexity [25]. Results show
which the proposed method has significantly reduced the execution time of the algorithm while
improving the accuracy of the output results in comparison with the other nature-inspired
algorithms such as PSO and GA those previously have been applied to the problem which
demonstrate the ability of COA to solve non-linear optimization problems. All the simulations are
carried out in MATLAB software. The rest of the paper is organized as follows: sections 2
explains problem formulation setting overcurrent and distance relays, respectively. Section 3
explains cuckoo optimization algorithm (COA). Section 4 represents use of the Cuckoo
Optimization Algorithm (COA) for optimal coordination of overcurrent and distance relays. The
simulation results are illustrated and discussed in section 5 and finally concluding remarks are
drawn in section 6.

2. Problem Formulation
2.1. Setting overcurrent relays

The objective function and constraints of the problem, to obtain the parameters of TMS
and | is defined as follows [26]:

n
Minimize: igltopi ()
3TMS;
topi = F(TMS;, Iset,) =—— L
log - SCi
I seti

Where n is the number of overcurrent relays. Constraint optimization problem as
follows:

TMSmin i <TMS; <TMS max | ®)

top,, (zm) ~ topp (zm) = CTI 3
Max Min

lioad; < 'setj <!fault 4)
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Where topi is operating time i relay, and topb are operating time of primary and

backup relays respectively and CTl is the Coordination Time Interval.
Constraint (3) is used for each pair main and backup relay (m,b) and for errors relating

to zone of protection Z, . With respect to the Figure 1, the failures are identified by the F1 and

F2 points. Taking into account Constraint (4), the pickup value of an overcurrent relay must be
set between the maximum load current and the minimum fault current experienced by the relay.

2.2. Coordination by taking the distance relays

When the network is protected with distance relays, each line is protected by the
main and backup relay of its line. By placing overcurrent relays along with distance relays,
protective territory of the transmission network will expand. If a disturbance occurred, initially
main distance relay will operates and if it fails to clear fault, overcurrent relay will operates. If
main relay fails to operate, the backup distance relay will operate and if it fails to operate
ultimately backup overcurrent relay must isolate the faulted section. As shown in Figure 2 in
order to establish the mentioned sequence protection, two other constraint should be added to
the constraints of coordination problems:

th(F3)~t;p2Cl' (5)

t,o —tm(F4)>Cl' (6)

In (5) and (6) tm is operating time of overcurrent relay and t,, is operating time of the
second zone of distance relay. In this condition, a new coordination time interval (CI' ) between

distance and overcurrent relays should be defined, which does not have the same value as ClI
that is used in coordination of overcurrent relays pairs.

At At

>ClI

) o Figure 2. Coordination between distance and
Figure 1. Coordination of overcurrent relays overcurrent relays

3. The proposed Cuckoo Optimization Algorithm (COA)

This optimization algorithm is inspired by the life of a bird family, called Cuckoo. Special
lifestyle of these birds and their characteristics in egg laying and breeding has been the basic
motivation for development of this new evolutionary optimization algorithm. This novel
evolutionary algorithm, is suitable for continuous nonlinear optimization problems. The effort to
survive among cuckoos constitutes the basis of Cuckoo Optimization Algorithm. During the
survival competition some of the cuckoos or their eggs, demise. The survived cuckoo societies
immigrate to a better environment and start reproducing and laying eggs. Cuckoos’ survival
effort hopefully converges to a state that there is only one cuckoo society, all with the same
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profit values. Application of the proposed algorithm to some benchmark functions and a real
problem has proven its capability to deal with difficult optimization problems [25].

Figure 3 shows a flowchart of the proposed algorithm. Similar to other evolutionary
methods, Cuckoo Optimization Algorithm (COA) starts with an initial population. These initial
cuckoos have some eggs to lay in some host birds’ nests. Some of these eggs which are more
similar to the host bird’s eggs have the opportunity to grow up and become a mature cuckoo.
Other eggs are detected by host birds and are killed. The grown eggs reveal the suitability of the
nests in that area. The more eggs survive in an area, the more profit is gained in that area. So
the position in which more eggs survive will be the term that COA is going to point optimize.

Start

<
<«

Initialize
Cuckoos with
eggs Determine egg
laying radius for
+ each cuckoo

Lay eggs in
different nests

A

v

Some of eggs are
detected and

Move all cuckoos
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less than
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in worst area Find nests

| with best
survival rate

Check Survival of

eggs in nests
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Let eggs grow

Stop condition
Satisfied?

No

Figure 3. Flowchart of Cuckoo Optimization Algorithm

3.1. Generating initial cuckoo habitat

In order to solve an optimization problem, it's necessary that the values of problem
variables be formed as an array. In GA and PSO terminologies this array is called
“Chromosome” and “Particle Position”, respectively. But here in Cuckoo Optimization Algorithm

(COA) it is called “habitat”. Ina N, dimensional optimization problem, a habitat is an array of
1x Nygr , representing current living position of cuckoo. This array is defined as follows:

TELKOMNIKA Vol. 16, No. 3, December 2015 : 389 — 400



TELKOMNIKA ISSN: 2302-4046 393

Habital =[xq, X9, ..., XN var] %

Each of the variable values (x;,x,,...,Xyvar) IS floating point number. The profit of a
habitat is obtained by evaluation of profit function f; at a habitat of (x;, X, ,..., Xy yar) - SO

profit= fp (habital)= fp(x3, X2,.... XN var) (8)

As it is seen COA is an algorithm that maximizes a profit function. To use COA in cost
minimization problems, one can easily maximize the following profit function:

profit =—Cost (habital)=—fc (X, X9,.... XN var) (9)

To start the optimization algorithm, a candidate habitat matrix of size Npgx Ny is

generated. Then some randomly produced number of eggs is supposed for each of these initial
cuckoo habitats. In nature, each cuckoo lays from 5 to 20 eggs. These values are used as the
upper and lower limits of egg dedication to each cuckoo at different iterations. Another habit of
real cuckoos is that they lay eggs within a maximum distance from their habitat. From now on,
this maximum range will be called “Egg Laying Radius (ELR)”. In an optimization problem with
upper limit of var,; and lower limit of var,,, for variables, each cuckoo has an egg laying radius

(ELR) which is proportional to the total number of eggs, number of current cuckoo’s eggs and
also variable limits of var,; andvar,,, . So ELR is defined as:

numberof currentcuckoo's eggs

ELR=ax totalnumberof eggs

x (Vahi—Valgw) (10)
Where a is an integer, supposed to handle the maximum value of ELR.
3.2. Cuckoos’ style for egg laying

Each cuckoo starts laying eggs randomly in some other host birds’ nests within her
ELR. Figure 4 gives a clear view of this concept.

ELR

Figure 4. Random egg laying in ELR, central red star is the initial habitat of the cuckoo
with 5 eggs; pink stars are the eggs’ new nest.

After all cuckoos’ eggs are laid in host birds’ nests, some of them that are less similar to
host birds’ own eggs, are detected by host birds and though are thrown out of the nest. So after
egg laying process, p% of all eggs (usually 10%), with less profit values, will be killed. These
eggs have no chance to grow. Rest of the eggs grow in host nests, hatch and are fed by host
birds. Another interesting point about laid cuckoo eggs is that only one egg in a nest has the
chance to grow. This is because when cuckoo egg hatches and the chicks come out, she
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throws the host bird’s own eggs out of the nest. In case that host bird’s eggs hatch earlier and
cuckoo egg hatches later, cuckoo’s chick eats most of the food host bird brings to the nest
(because of her 3 times bigger body, she pushes other chicks and eats more). After couple of
days the host bird’s own chicks die from hunger and only cuckoo chick remains in the nest.

3.3. Immigration of cuckoos

When young cuckoos grow and become mature, they live in their own area and society
for some time. But when the time for egg laying approaches they immigrate to new and better
habitats with more similarity of eggs to host birds and also with more food for new youngsters.
After the cuckoo groups are formed in different areas, the society with best profit value is
selected as the goal point for other cuckoos to immigrate.

3.4. Convergence

After some iterations, all the cuckoo population moves to one best habitat with
maximum similarity of eggs to the host birds and also with the maximum food resources. This
habitat will produce the maximum profit ever. There will be least egg losses in this best habitat.
Convergence of more than 95% of all cuckoos to the same habitat puts an end to Cuckoo
Optimization Algorithm (COA).

4. Apply COA Algorithm in order to Optimal Coordination of Relays

Relay coordination problems, is an optimization problem with constraints and many
local optimum points. In the usual methods, such as linear programming, non-linear
programming and integer programming, since optimization start with initial point, the final
answer depends heavily on that point and may lead to a local optimization. However COA starts
the search from a population of initial points, therefore in the local optimum points the possibility
of stopping this algorithm is very low. COA algorithm, problem's variables are encoded into
strings, so each string represents an answer to the problem of coordination.

4.1. Encoded variables
In the relays coordination problem, the decision variables are the TMS and Igq

variables for each relay. Therefore, in the COA method a habitat is defined in the form of a
string which contains both TMS and Ig. parameters as discrete variables. Figure 5 shows

structure of the habitat when the network consists of n overcurrent relays.

| lset1 ‘ ™S, ‘ lset2 ‘ ™S, ‘ ‘ lsetn | TMS, ‘

Figure 5. Structure of the habitat in the COA method.

4.2. New method
In the proposed coordination method for the overcurrent and distance relays, the
objective function optimization problem is formulated as [18]:

)2

N P
12
O.F=aqx 3 (ti)2 + fox 3 (At - |at
B 27z mb Ky | T Timb K,y |
P

2 2
th3x 2 (Atoppisoc K|~ ) ("
2

AlmbDISOC ‘KZ‘

Where «, 3,, B; are the weighting factors, i is the number of overcurrent relays that
changes from 1 to N, k; is the number of main and backup overcurrent relays that changes from
1to P,, k2 is the number of main distance and backup overcurrent relays changing from 1 to P,,

Al || 18 the discrimination time between the main and backup overcurrent relays. Atippisoc|k,|

is the discrimination time between the main distance and backup overcurrent relays which is
obtained from the equation (12):

TELKOMNIKA Vol. 16, No. 3, December 2015 : 389 — 400



TELKOMNIKA ISSN: 2302-4046 m 395

Al bDISOC Ky “thoc Ky “mpis k) - (12)

Where tboc‘ k,| 1S the operating time of backup overcurrent relay for the fault at the end of the first
zone of main distance relay (critical fault locations), tles\kz\ is the operating time of the second

zone of main distance relay and CTl is the coordination time interval that is equal to 0.3(sec).
Two first terms of (11) are the same as the OF in [10]. The third term is added to OF for
the Coordination of overcurrent and distance relays. To describe the role of this new term,

assume that Atme,SOC‘KZ‘ is positive (fully coordinated), then the relative term in (11) becomes

zero and OF also has a small value. However if At 5 s0c ¢, 18 Negative (miscoordination) the
mentioned term will be equal to 23 x Atyypisoc,|@nd obviously for positive values of j; the

new term will have large values, that COA algorithm removes it from the selection then, based
on the concept of the evaluation and selection, those values that have more optimal OF values
(less value) in the habitat, are granted more opportunities to be selected for the next iteration.

By solving COA, It and TMS for all relays will be determined in a manner that the relays have
a least operation time and will satisfy all constraints.

5. Simulation Results and Discussion

The proposed method is applied to an 8-bus, 9-branch network shown in Figure. 6. At
bus 4, there is a link to another network which is modeled by a short circuit capacity of 400
MVA. The parameters used in the network is provided in reference [27]. The transmission
network consists of 14 relays which their location are indicated in Figure. 6. The TMS values
can range continuously from 0.1 to 1.1, while seven available discrete pickup tap settings (0.5,
0.6, 0.8, 1.0, 1.5, 2.0 and 2.5) are considered. The generation size and population size is
directly related to the habitat length; for longer lengths, more habitats should be produced. The
generation size and the population size are considered to be 300 and 100, respectively.

1 4
r ri

Figure 6. 8-busbars test system
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This paper is solve the optimal coordination distance and overcurrent relays to verify the
effectiveness of the proposed Cuckoo Optimization Algorithm (COA). For comparison purposes
Genetic Algorithm (GA), Particle Swarm Optimization (PSO), Differential Evolutionary (DE) and
Cuckoo Optimization Algorithm (COA) were used in the system. Table 1 shows the
primary/backup (P/B) relay pairs and corresponding fault currents passing through them for fault
in front of the main relay and fault on bus away the main relay in the studied system. This matrix
contains 20 rows and two columns. The first column is the number of the main relay and the
second column is the number of backup relay. Then, for a short circuit in front of the main relay
the fault currents passing through the primary/backup (P/B) relay pairs, is calculated and is
stored in the IP and IB matrix respectively, as shown in Table 1. Obviously, when the system
topology is changed the presented data in Table 1 should be updated.

Table 1. P/B Relay pairs and the fault currents in the main network topology

P/B pair Near-End Fault Currents(A)
primary backup IP 1B
relays relays
2 1 5910 993
14 1 5190 993
3 2 3550 3550
4 3 3780 2240
5 4 2400 2400
6 5 6100 1200
7 5 5210 1200
1 6 3230 3230
2 7 5910 1880
8 7 6080 1880
13 8 2980 2980
8 9 6080 1160
14 9 5190 1160
9 10 2480 2480
10 11 3880 2340
11 12 3700 3700
7 13 5210 985
12 13 5890 985
6 14 6100 1870
12 14 5890 1870

Initially, the setting parameters for the case that only the overcurrent relays are used in
the network have been identified. The setting current of relays is obtained by using the power

flow. Then Igo¢ and TMS overcurrent relays have been obtained using COA, DE-GA, GA, PSO

and DE algorithms, as shown in the table 2. Also, the ratios of the current transformers (CTs)
are indicated in Table 2. It is obvious that the Cuckoo Optimization Algorithm (COA) have the
operation time and the fitness value less compared to the other algorithms. In other words, COA
gave the best results when compare with three well known algorithms DE, GA and PSO.

lset @and TMS are the results of the optimal coordination distance and overcurrent

relays, which have been obtained using COA, DE-GA, GA, PSO and DE algorithms, as shown
in the table 3. t,, is selected based on reference data [11] which is calculated the second zone

of distance relays. The performance of a distance relay near its zone boundaries is not very
predictable because of various types of errors. In this article, from multiple zones of protection
are used to cover the entire line dependably and securely. Zone 1 relay operates
instantaneously (no intentional delay — i.e. in about one to two cycles) while a fault in Zone 2
causes the relay to operate with an added delay (generally of the order of 20 to 30 cycles). In
this fashion, the entire line is protected even where the zone boundary is not very precisely
determined. In addition to these two zones, often a third zone (with an additional time delay
about one second) is provided at each end in order to provide remote backup for the protection
of the adjacent circuits. It should be noted that often, due to system load, it is not possible to
obtain a secure Zone 3 setting on high voltage networks. It is obvious that COA have operation
time and the fitness value less compared to the other algorithms.
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Table 2. Overcurrent relay settings regardless of distance relays

Rrlay CT The results of The results of The results of The results of The results of
No. Ratio the program the program the program the program the program
GA [2] PSO [13] DE [9] DE-GA COA

Fitness=7.63 | Fitness=6.8476 | Fitness=6.29 Fitness=4.15 Fitness=4.041

TMS |set TMS Iset TMS Iset TMS |set TMS Iset
1 240 0.25 0.8000 | 0.1000 | 2.5000 | 0.1000 | 1.0000 | 0.1057 | 2.0000 | 0.1000 | 2.5000
2 240 0.19 1.5000 | 0.1000 | 2.0000 | 0.1264 | 1.0000 | 0.1340 | 1.5000 | 0.1000 | 0.5000
3 160 0.21 0.6000 | 0.1267 | 1.5000 | 0.1561 | 2.5000 | 0.1520 | 0.5000 | 0.1045 | 2.5000
4 240 0.17 0.6000 | 0.1421 | 1.5000 | 0.1271 | 2.0000 | 0.1310 | 0.5000 | 0.1075 | 0.8000
5 240 0.10 0.5000 | 0.1000 | 0.8000 | 0.1000 | 0.5000 | 0.1000 | 0.6000 | 0.1010 | 0.6000
6 240 0.20 0.8000 | 0.1855 | 0.5000 | 0.2527 | 0.8000 | 0.1904 | 2.0000 | 0.8365 | 2.0000
7 160 0.20 0.6000 | 0.1542 | 2.0000 | 0.2297 | 1.0000 | 0.1998 | 1.0000 | 0.7497 | 2.5000
8 240 0.17 1.0000 | 0.1624 | 2.5000 | 0.1005 | 2.5000 | 0.2232 | 0.6000 | 0.8015 | 2.5000
9 160 0.09 0.6000 | 0.1000 | 0.5000 | 0.1000 | 0.5000 | 0.1000 | 0.5000 | 0.1058 | 0.5000
10 240 0.16 0.8000 | 0.1001 | 2.0000 | 0.1944 | 0.6000 | 0.1000 | 0.8000 | 0.1019 | 1.5000
11 240 0.20 0.6000 | 0.1821 | 2.5000 | 0.1123 | 2.0000 | 0.1771 | 0.8000 | 0.1000 | 0.8000
12 240 0.26 0.8000 | 0.1242 | 1.0000 | 0.1567 | 0.6000 | 0.1511 | 1.0000 | 0.1011 | 2.0000
13 240 0.18 0.6000 | 0.1005 | 1.5000 | 0.1424 | 1.5000 | 0.1214 | 1.0000 | 0.1007 | 1.0000
14 160 0.16 0.8000 | 0.1625 | 1.5000 | 0.1728 | 2.5000 | 0.1662 | 2.0000 | 0.7484 | 2.5000

Table 3. The results of the optimal coordination of overcurrent and distance relays

Relay The results of the The results of the | The results of the | The results of the The results of the

No. program GA program PSO program DE program DE-GA program COA

Fitness=49.16 Fitness=67.41 Fitness=31.95 Fitness=19.71 Fitness=18.27

TMS lset TMS lset TMS lset T™MS lset T™MS lset
1 0.1257 | 0.5000 | 0.5303 | 0.8000 | 0.3254 | 0.5000 | 0.1471 | 0.6000 | 0.1245 0.5000
2 0.6718 | 0.5000 | 0.3158 | 2.5000 | 0.6901 | 0.5000 | 0.1537 | 2.5000 | 0.1548 2.5000
3 0.5492 | 0.6000 | 0.4099 | 2.0000 | 0.4214 | 0.5000 | 0.1723 | 1.5000 | 0.1546 2.0000
4 0.5672 | 2.0000 | 0.5942 | 0.6000 | 0.2123 | 1.5000 | 0.1541 | 0.5000 | 0.1236 0.8000
5 0.1000 | 0.5000 | 0.1002 | 0.6000 | 0.1005 | 0.5000 | 0.1000 | 1.0000 | 0.1002 0.6000
6 0.1928 | 0.5000 | 0.2596 | 1.5000 | 0.5566 | 0.6000 | 0.2396 | 0.8000 | 0.2128 2.0000
7 0.7362 | 2.5000 | 0.5994 | 1.0000 | 0.8096 | 2.5000 | 0.2455 | 2.5000 | 0.2518 2.0000
8 0.9238 | 0.6000 | 0.7668 | 0.5000 | 0.5237 | 1.5000 | 0.2119 | 0.5000 | 0.1945 1.5000
9 0.1005 | 0.5000 | 0.1001 | 0.5000 | 0.1001 1.0000 | 0.1000 | 2.0000 | 0.1000 0.8000
10 0.5289 | 2.0000 | 0.5354 | 0.5000 | 0.6531 | 0.5000 | 0.1006 | 1.5000 | 0.1056 0.5000
1" 0.6345 | 0.8000 | 0.8850 | 0.6000 | 0.5007 | 0.5000 | 0.1786 | 0.8000 | 0.1549 0.6000
12 0.7155 | 0.5000 | 0.7919 | 0.8000 | 1.0000 | 0.5000 | 0.1948 | 0.6000 | 0.2015 2.0000
13 0.2886 | 0.6000 | 0.4904 | 0.8000 | 0.3005 | 2.5000 | 0.1465 | 0.5000 | 0.1517 2.5000
14 0.4437 1.0000 | 0.7844 | 1.0000 | 0.4809 | 2.0000 | 0.2398 | 1.0000 | 0.5482 0.5000

In order to assess the validity of the obtained settings, relays performance was
evaluated caused by a short circuit fault per 40% of line the front of relay 7. In the ring networks,
like the network figure.6, the relays setting is complex in front of generator bus, like relays 5 and
9 which are backup relays for 6, 7 and 8, 14 respectively. When in the front of lines of relays 6,
7, 8, 14 a short circuit occurs, if the backup relays 5 and 9 are not set correctly, it is possible
fault current passing through them be less than the current set, and thus does not operate as a
backup of the primary relays. According to the tables 2 and 3, in all the cases studied, relays 5
and 9 are set at the lowest value.

Figure. 7 illustrated comparative convergence performance of objective function. It is
obvious that the Cuckoo Optimization Algorithm (COA) gave the accurate and convergence with
faster computational time compared to other method. This novel evolutionary algorithm, is
suitable for continuous nonlinear optimization problems. Therefore, application of the proposed
algorithm to some benchmark functions and a real problem has proven its capability to deal with
difficult optimization problems. As a result, COA algorithm have operation time and the fitness
value less compared to other algorithms.

Table 4 shows that the operation time differences of all overcurrent relays is more than
operation time zone 2 distance relays which indicates the correct coordination between distance
and overcurrent relays. All At values are positive and most of them are small that means the
setting of overcurrent relays is very accurate and there is no miscoordination.
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Figure 7. Comparison of objective function for 8-busbars test system

Table 4. The operating time overcurrent relays from performance of zone 2 distance

relays
primary relays backup relays At
2 1 0.6433
14 1 0.9101
3 2 0.1445
4 3 0.0613
5 4 0.0162
6 5 0.3666
7 5 0.9018
1 6 0.1991
2 7 0.7990
8 7 0.3606
13 8 0.5632
8 9 0.4041
14 9 0.1092
9 10 0.9236
10 11 0.0033
11 12 0.0406
7 13 0.5249
12 13 0.6401
6 14 0.1655
12 14 0.8158

6. Conclusion

Protection of power distribution, sub-transmission and transmission networks is a
crucial issue in determining the stability and the reliability of a power system. To have better
protection it is common to combine different types of relays, which combination of overcurrent
and distance relay is a well-known protection scheme in transmission lines. Applying optimizing
algorithms to the issues existing in power networks improve the security level of the networks.
The execution time of the algorithm and the accuracy of the results extracted from the algorithm
are two determining parameters in choosing the optimization algorithm in protective functions. In
this article, a method based on Cuckoo Optimization Algorithm (COA) has been applied to the
optimal coordination of overcurrent and distance relays problem. The key features of COA are
the faster convergence rate and reduce computational complexity. Application of the proposed
algorithm to some benchmark functions and a real problem has proven its capability to deal with
difficult optimization problems. Results show the proposed method has significantly reduced the

TELKOMNIKA Vol. 16, No. 3, December 2015 : 389 — 400



TELKOMNIKA ISSN: 2302-4046 399

execution time of the algorithm while improving the accuracy of the output results in comparison
with the other nature-inspired algorithms such as PSO and GA.
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