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Abstract—In this paper, a new objective function (OF) within
the genetic algorithm (GA) approach is presented to solve the
optimization problem of coordination of overcurrent and distance
relays. The existing objective function of overcurrent (O/C) relays
coordination is improved and extended to include the coordination
of O/C and distance relays. Various O/C relays characteristics are
considered within the approach to select the best of them by GA to
fulfill optimal coordination. The proposed method is applied to two
different power system networks. Simulation results demonstrate
that the method can obtain feasible and effective solutions for
optimal coordination in the practical power system networks.

Index Terms—Distance relay, genetic algorithm (GA), O/C relay,
optimal coordination, relay characteristics.

I. INTRODUCTION

O VERCURRENT and distance relays are mostly used for
transmission and subtransmission protection systems [1].

In other words, two types of protection schemes are used: 1) two
similar distance relays, namely main 1 and main 2, at each line;
the scheme is normally used in important transmission systems
and 2) a distance protection plus O/C protection. This scheme is
used almost for subtransmission systems and in some transmis-
sion systems. To consider comprehensive coordination, a dis-
tance relay with a distance one, an O/C relay with an O/C one,
and, finally, an O/C relay with a distance one, must be coordi-
nated when one of them is considered to be the main relay and
the other is the backup.

For O/C relays, the optimal coordination has been performed
using linear programming techniques, including simplex [2];
two-phase simplex [3]; and dual simplex [4] methods. In [6],
the optimal solution is made by constraints only. The disadvan-
tage of this method is that if the constraints are not fulfilled,
we do not have an optimal solution. In intelligent optimization

Manuscript received October 05, 2009; revised January 10, 2010, March 14,
2010, and July 04, 2010; accepted September 01, 2010. Date of current version
June 24, 2011. This work was supported by the Department of Electrical Engi-
neering, Amirkabir University of Technology, Tehran, Iran. Paper no. TPWRD-
00746-2009.

R. Mohammadi Chabanloo, H. Askarian Abyaneh and S. S. Hashemi Ka-
mangar are with the Amirkabir University of Technology, Department of Elec-
trical Engineering, Tehran 15875-4413, Iran (e-mail: askarian@aut.ac.ir).

F. Razavi is with the Tafresh University, Department of Electrical Engi-
neering, Tafresh 79611-39518, Iran.

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TPWRD.2010.2082574

methods, the constraints are included in an objective function
(OF) [5], [7], and [8]. The optimal coordination in [7] has been
performed by a method based on GA. In [8], the optimal co-
ordination has been performed by a method based on particle
swarm optimization (PSO) while in [9], the same has been done
by using an evolutionary algorithm. The coordination made in
these methods has two problems. One is miscoordination and
the other poses the lack of solution for relays with both discrete
and continuous time setting multipliers (TSMs). In [5], the men-
tioned problems have been solved. The existing GA is improved
by adding a new expression to the OF, so that the miscoordina-
tion problems are solved. The coordination algorithm can also
handle continuous and discrete TSMs.

It should be noted that all of the aforementioned optimal coor-
dination by GA (as in [5] and [7]) has been done for O/C relays
only. However, in transmission and subtransmission systems,
the coordination of O/C and distance relays should be consid-
ered. On the other hand, in all mentioned references, O/C relay
characteristics have been considered to be fixed while in dig-
ital relays, different O/C relay characteristics can be selected.
Therefore, the coordination algorithm should have the capa-
bility of selecting the best characteristic for O/C relays to have
the optimal solution.

In [1] and [10], the optimal coordination has been performed
by the linear programming technique to find TSM settings of
relays. In linear programming techniques, it is not possible to
select O/C relays characteristic addition to relays TSM to have
the optimal coordination.

In the cases of O/C-O/C and O/C-distance relays coordina-
tion which are used in this paper, it is necessary to find the crit-
ical fault locations. The critical fault locations are the points the
faults are considered to be on. These points are the fault points
on which the discrimination time between the backup and
main relays is caused to be minimum. The coordination is made
based on the constraints derived from the values of for crit-
ical fault locations.

In this paper, the problem of optimal coordination of O/C re-
lays in a mixed protection scheme with distance relays formu-
lated in [11] has been modified in such a way that five different
critical points as the fault position are taken into account while in
the mentioned references, only three or four critical points have
been considered. Furthermore, to make the optimal method flex-
ible, the method has been applied to two different transmission
and subtransmission power system networks with different con-
figurations. Also, regarding the protection system flexibility, the
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