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ABSTRACT

This paper presents optimal coordination of over-
current relays by using artificial bees colony algo-
rithm. The objective function of the relay coordi-
nation problem is to minimize the operation time of
associated relays in the systems. The control vari-
ables used in this paper are the pickup current and
time dial setting of relays. The proposed method was
tested with four systems study consists 5-bus, 6-bus,
9-bus and 14-bus. Quasi-Newton (BFGS), particle
swarm optimization (PSO) and artificial bees colony
(ABC) are employed to evaluate the search perfor-
mance. For test, there are study test power system
was used. The simulation results showed that the ar-
tificial bees colony algorithm is capable to minimize
the operation time of relays in the entire system. As
a result, all search algorithms can solve optimal coor-
dination relay which the artificial bees colony (ABC)
gives the best solutions for coordination relay setting.

Keywords: Optimal Coordination, Time Dial Set-
ting, Time Grand Margin

1. INTRODUCTION

Short-circuit conditions can occur unexpectedly in
any part of a power system at any time due to vari-
ous physical problems. Such situations cause a large
amount of fault current flowing through some power
system apparatus. The occurrence of the fault is
harmful and must be isolated promptly by a set of
protective devices. Over several decades, protective
relaying has become the brain of power system pro-
tection [1]. Its basic function is to monitor abnormal
operations as a “fault sensor” and the relay will open
a contractor to separate a faulty part from the other
parts of the network if there exists a fault event. To
date, power transmission and distribution systems are
bulky and complicated. These lead to the need for a
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large number of protective relays cooperating with
one another to assure the secure and reliable opera-
tion of a whole. There-fore, each protective device is
designed to perform its action dependent upon a so-
called “zone of protection” [2]. From this principle,
no protective relay is operated by any fault outside
the zone if the system is well designed. As widely
known that old fashion analog relays are inaccurate
and difficult to establish the coordination among pro-
tective relays, the relay setting is typically conducted
based on the experience of an expert or only a simple
heuristic algorithm. However, with the advancement
of digital technologies, a modern digital protective
relay is more efficient and flexible to enable the fine
adjustment of the time-dial setting (TDS) different
to that of the old fashion electromagnetic one.

This paper proposes an intelligent relay coordina-
tion method based on one of the most widely used
intelligent search algorithms, called artificial bees
colony (ABC) [3,4], for digital relaying, in which the
time-dial setting is appropriately adjusted in order to
minimize operating time while coordinated relays are
also reliable. In this paper, the coordination of digi-
tal relaying systems is explained in Section II in such
a way that the artificial bees colony (ABC) method
in Section III is employed to achieve the system ob-
jective. A case study are include 5-bus, 6-bus, 9-bus
and 14-bus power system protection, where setting of
twelve digital over-current relays was challenged, was
discussed in Section IV. The last section provides the
conclusions of artificial bees colony algorithm.

2. OPTIMAL RELAY COORDINATION PROB-
LEMS

Overcurrent relays are devices which have ability
to interrupt electricity supply service due to some
severe fault. In a modern electrical power system,
network interconnection is very complicated. This
affects the difficulty of key parameter setting of pro-
tective relaying devices [5]. When a total number of
overcurrent relays to be coordinated is increased or
even feeding in closed-loop configuration is required
according to a complex transmission network, over-
current relay coordination setting is more difficult.

An overcurrent relay is a typical protective relay
that allows a protected load operating within a pre-
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set value of the load current. The overcurrent relay
is placed at the secondary side of the current trans-
former. The operating time of the overcurrent relay
can vary due to relay type, time-dial setting (TDS)
and magnitude of fault currents. For the inverse time
overcurrent relay which corresponds to the ANSI de-
vice number of 51, the operating time of the overcur-
rent relay can be expressed as shown in (1) according
to the IEC standard 255-4 [6].

t =
β × TDS

PSMα − 1
(1)

PSM =
Iact

IPICKUP
(2)

Where
α and β are arbitrary constant
PSM is the plug setting multiplier
IPICKUP is the pickup current of the relay
Iact is the actual current seen by the relay

α and β are constant. In this paper, a type of very
inverse time overcurrent relay is used. Therefore, α
is 1.0 and β is 13.5 can be specified according to the
IEC standard.

A) Primary and Backup Relay Constraints
A primary or main protective device is a relay that is
in the nearest position to the fault and must respond
to the fault as fast as possible. To achieve a reliable
protection system backup, relays are devices which
will be initiated within a certain amount of time after
the main relay fails to break the fault. An amount
of delay time, called time grading margin, must be
added to the main relay operating time. This can be
explained by Fig. 1 [7]. Relay m and b are the main
and the backup relays, respectively. F1 and F2 are
two fault cases seen by both relays. The operating
time of the backup relay must be at least the oper-
ating time of the main relay plus the time grading
margin for every fault case.

Fig.1: Simple feeder for overcurrent protection

To generalize the backup relaying constraint, (3)
is defined as follows.

∆tmb = tb(Fi)− tm(Fi)− TGM ≥ 0, i ∈ FC (3)

Where
tb(Fi) is the operating time of the backup

relay due to Fault Fi

tm(Fi) is the operating time of the main relay
due to Fault Fi

TGM is the time grading margin, 0.3 - 0.5 s
FC denotes a set of fault cases

B) Objective function To coordinate the protective
relaying devices, the operating time of the main re-
lay is minimized. As mentioned in the previous sub-
section, the operating time of the backup relay is set
as inequality constraints. The objective function [8]
used in this paper is given as follows.

f=w1

n∑
i=1

t2i +w2

∑
j∈FC

[∆tmb−w3(∆tmb−|∆tmb|)]2 (4)

Where
w1, w2, w3 is the weighting factors
n is a total number of relays

C) Bounds on relay and operation times

TDSij min ≤ TDSij ≤ TDSij max

Ipij min ≤ Ipij ≤ Ipij max

tijk min ≤ tijk ≤ tijk max

3. ARTIFICIAL BEES COLONY ALGO-
RITHM

Artificial Bees Colony algorithm [9,10,11] was pro-
posed by Karaboga for solving numerical optimiza-
tion problems. It simulates the intelligent behavior
of honey bee swarms. In artificial bees algorithm, the
colony of artificial bees contains three groups of bees:
employed bees, and unemployed bees: onlookers and
scouts. First half of the colony consists of employed
artificial bees and the second half constitutes the arti-
ficial onlookers. The employed bee whose food source
has been exhausted becomes a scout bee. The posi-
tion of a food source represents a possible solution to
the optimization problem and the nectar amount of
a food source corresponds to the quality or fitness of
the associated solution. The number of the employed
bees is equal to the number of food sources, each of
which also represents a site, being exploited at the
moment or to the number of solutions in the popu-
lation. In artificial bees algorithm, the steps given
below are repeated until a stopping criteria is satis-
fied. The flow chart of artificial bee colony algorithm
as shown in figure 2 [12].

1)Initial phase
Initial population of artificial bee swarms is created
randomly by the following formula.

Xij = Xminj + rand(0, 1)× (Xmaxj −Xminj) (5)

2) Employed bees phase
Each employed bee determines a food source repre-
senting a site. Each employed bee shares its food



100 ECTI TRANSACTIONS ON ELECTRICAL ENG., ELECTRONICS, AND COMMUNICATIONS VOL.10, NO.1 February 2012

source information with onlookers waiting in the hive
and then each onlooker selects a food source site
depending on the information taken from employed
bees. To simulate the information sharing by em-
ployed bees in the dance area, probability values are
calculated for the solutions by means of their fitness
values using the following equation. The fitness val-
ues might be calculated using the above definition as
expressed in (7).

Pfj =
fiti∑n
j=1 fiti

(6)

fiti =

{
1

1+fi
, fi ≥ 0

1 + abs(fi) , fi < 0
(7)

3) Onlooker bees phase
Onlookers are placed onto the food source sites by
using a fitness based selection technique, for example
roulette wheel selection method.

4) Scout bees phase
Every bee swarm has scouts that are the swarm’s ex-
plorers. The explorers do not have any guidance while
looking for food. In case of artificial bees, the artifi-
cial scouts might have the fast discovery of the group
of feasible solutions. In the searching algorithm, the
artificial employed bee whose food source nectar has
been exhausted or the profitability of the food source
drops under a certain threshold level is selected and
classified as the artificial scout. The classification is
controlled by “abandonment criteria” or “limit”. If a
solution representing a food source position is not im-
proved until a predetermined number of trials, then
that solution is abandoned by its employed bee and
the employed bee becomes a scout.

4. SIMULATION RESULTS

This section verifies the proposed algorithm for re-
lay coordination. The objective is to minimize the
different operating time between the primary and
backup relays. The time grading margin is assumed
to be 0.3 s. TDS is in the range of 0.05-1.0 for all
backup-primary relay pairs. The test systems used
for this study are the 5-bus, 6-bus, WSCC 9-bus and
IEEE 14-bus test systems. Weighting factors for opti-
mal relay coordination relay to verify the effectiveness
of the proposed artificial bees colony (ABC) are set
as follows: w1 = 1, w2 = 100 and w3 = 100. For
comparison, Quasi-Newton with BFGS updating for-
mula, particle swarm optimization (PSO) and artifi-
cial bees colony (ABC) were used. A total of 30 trials
was conducted for each test case. Minimum, average,
maximum and standard deviation of 30 trial solutions
were evaluated. All test cases were simulated by using
the same computer which is an Intelr, Core 2 Duo,
2.4 GHz, 3.0 GB RAM. The followings are summary
of each test case.

Fig.2: Flowchart of the Artificial Bees Colony Al-
gorithm

Case I. The proposed method was tested with the
5-bus test system as shown in figure 3 [13]. Assume
that loads were connected across bus 2, 3, 4 and 5 as
20+j10 MVA, 20+j15 MVA, 50+j30 MVA and 60+j40
MVA, respectively. The 14 over-current relays of the
very inverse time type were used in this system. The
zone protection and short circuit current of primary
and back-up relay were shown in Table 2.

Fig.3: The 5 bus test system

The results of time dial settings and pickup cur-
rent setting of over-current relays for the system were
shown in Table 3. The results in Table 1 revealed
the optimal value of objective function. It gave
the best result when compared with those obtained
from Quasi-Newton and particle swarm optimization.
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Table 1: Computational results for the 5-bus test
system.

Table 2: Primary and backup information for the
5-bus test system.

Table 3: Optimal time dial setting and pick-up cur-
rent for the 5-bus system

The minimum operation time acquired were 3.7801
s, 3.4379 s and 2.6748 s for quasi-Newton, particle
swarm and artificial bees colony, respectively. When
considering the average operation time, the artificial
bees colony gave the least average operation time of
2.7430 s. The standard deviations of artificial bees
colony (ABC) was as small as 0.0705 s.

Fig.4: Evolution of fitness value for 5 bus test sys-
tem.

Figure 4 showed the convergence properties among
the proposed method and the others. It illustrated
the comparative convergence performance of the ob-
jective functions. Remarkably, although artificial
bees colony method convergences rapidly towards the
solution, it exhibits relatively smallest standard devi-
ation.

Fig.5: The 6 bus test system

CaseII. The proposed method was tested with
the 6-bus system as shown in figure 5 [14-15]. As-
sume that loads were connected across bus 3, 4 and
5 as 15+j5 MVA, 20+j15 MVA and 10+j5 MVA re-
spectively. The over-current relays of the very inverse
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time type were used. Information of this test case was
shown in Table 4.

Table 4: Primary and backup information for the
6-bus test system

Table 5: Optimal time dial setting and pick-up cur-
rent for the 6-bus system

Table 6: Computational results for the 6-bus test
system.

The results of the optimal setting value for 14 over-
current relays of the 6-bus test system were presented

Fig.6: Convergence for the 6-bus test system.

in Tables 5 - 6. The optimal values of the objective
function, the minimum operation time, were 1.0827
s, 1.0805 s and 1.0724 s for quasi-Newton, particle
swarm and artificial bees colony, respectively. From
this test, the artificial bee colony exhibited the least
average operation time and also standard deviation
at 1.0725 s and 0.000142 s, respectively. This re-
vealed that the ABC method is the most efficient
method among these three methods for solving the
optimal relay coordination problem. Figure 6 showed
the convergences among the proposed method and
the other two methods. Remarkably, although artifi-
cial bees colony method convergences rapidly towards
the solution, it exhibits relatively smallest standard
deviation.

CaseIII. This paper employed the WSCC 9-bus
test system as shown in figure 7. It consisted of 3 gen-
erators, 6 lines, 3 transformers and 12 over-current
relays. The load are connected across bus 5, 7 and
9 as 20+j15 MVA, 50+j30 MVA and 20+j10 MVA,
respectively. The optimal solutions obtained for this
test case were given in Table 7 [16-18]. Information of
the zone protection and short-circuit current of pri-
mary and back-up relays were shown in Table 8.

Table 7: Computational results for WSCC 9 bus
test system.

The results showed the optimal setting value of the
relay coordination time for the WSCC 9-bus test sys-
tem. The ABC method gave the best results when
compared with those obtained from quasi-Newton
and particle swarm optimization. The average op-
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Fig.7: WSCC 9 bus test system

Table 8: Primary and backup information for the
WSCC 9-bus test system

Fig.8: Evolution of fitness value for WSCC 9 bus
test system.

Table 9: Optimal time dial setting and pick-up cur-
rent for the WSCC 9-bus test system

eration times were 15.6982 s, 5.2780 s and 0.4515 s
for quasi-Newton, particle swarm and artificial bees
colony, respectively. The artificial bees colony gave
the least CPU time consumed when compared with
those of other methods.

Figure 8 illustrated the convergence performance
of objective function. Remarkably, although quasi-
Newton method convergences rapidly towards the so-
lution, it exhibits relatively large standard deviation.
In addition, the artificial bees colony (ABC) gave the
accurate and fast convergence.

CaseIV . This case considered the IEEE14-
bus test system as shown in figure 9. This
test system consisted of two subsystems, 69-kV
sub-transmission and 13.8-kV distribution. These
two sub-transmissions were connected through the
69/13.8 kV transformers. The optimal results ob-
tained by all three methods were put in Table 10 -
13. The system consisted of 30 over-current relays.
Information of this test system was shown in Table
14 - 15 [19].

For the sub-transmission, the minimum operation
times of this test case were 2.4741 s, 28.6930 s and
3.9024 s for quasi-Newton, particle swarm and arti-
ficial bees colony, respectively. However, when con-
sidering the average operation time, the artificial bee
colony gave the least operation time at 3.9114 s with
standard deviations as small as 0.0103 s (see also Ta-
ble 10).

For the distribution, the minimum operation times
of this test case were 4.8582 s, 18.7067 s and 9.2999 s
for quasi-Newton, particle swarm and artificial bees
colony, respectively. However, when considering the
average operation time, the artificial bee colony gave
the least operation time at 9.3146 s with standard
deviations as small as 0.0092 s (see also Table 11).
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Fig.9: IEEE 14-bus test system

Table 10: Optimal results for the IEEE 14-bus test
system (sub-transmission side)

Table 11: Optimal results for the IEEE 14-bus test
system (distribution side)

Table 12: Optimal settings for the IEEE 14-bus test
system (sub-transmission side)
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Table 13: Optimal settings for the IEEE 14-bus test
system (distribution side)

Fig.10: Convergences for the IEEE 14-bus test sys-
tem (sub-transmission side)

Fig.11: Convergences for the IEEE 14-bus test sys-
tem (distribution side)

Table 14: Primary and backup information for the
IEEE 14-bus test system (sub-transmission side)

Table 15: Primary and backup information for the
IEEE 14-bus test system (distribution side)

5. CONCLUSIONS

In this paper, the implementation of Artificial Bees
Algorithm for solving the Optimal coordination over-
current relay problem was established. The effective-
ness of the Bees Algorithm was verified by testing
with system study and compared its simulation re-
sults with those obtained by Quasi-Newton (BFGS)
and particle swarm optimization approaches. The re-
sults are in boundary relay characteristics as the re-
sults from the artificial bees colony are given small-
est standard deviation of the 30 trial solutions for
every test case. The artificial bees colony algorithm
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can converge towards the better solution slightly to
decrease on small system, it can be considered as a
potential alternative that is suitable for solving the
relay coordination problem.
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