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Abstract—Determination of the minimum break point set
(MBPS) in interconnected networks is the key step during calcula-
tion and setting of overcurrent relays protection values. Recently,
two separate approaches based on expert system and MBPS have
been developed respectively. The first one considers the effects
of fault level, network configuration, pilot protection and other
protection systems. The second one defines protection relay de-
pendency dimension (PRDD) for finding MBPS. By comparison
of PRDD in a multi-loop network, the MBPS can be determined,
and the process of comparison will not stop until the MBPS of the
network is discovered. This paper introduces a new method which
takes into account expert rules as well as MBPS simultaneously
in the frame of the new objective function of genetic algorithm. It
can also generate a new MBPS after each coordination process.
The method is applied to the 8-buses and the IEEE 30-buses
networks. The obtained results have revealed that the new method
is accurate and capable of reducing miscoordinations.

Index Terms—Coordination, minimum break point set (MBPS),
protection, protective relaying, relay settings.

I. INTRODUCTION

P ROTECTION systems must react fast, be reliable, and
selective to faulty network conditions. Overcurrent pro-

tection, one of the basic protective relaying principles, is the
common system for distribution and transmission networks pro-
tection as the main and for the backup, respectively. However,
in the majority of cases, selectivity can only be achieved by time
grading [1]–[3]. The selection of appropriate settings by the co-
ordination procedures leads to disconnection of the minimum
parts of the network under consideration [4], [5].

Setting and coordinating of protective devices in an intercon-
nected network is virtually complicated. The complexity of the
problem increases with the increment of the number of loops
presented in the system. A basic difficulty in setting overcur-
rent relays is encountered when the setting of the last relay in a
sequence, which closes a loop, is carried out. It must be coor-
dinated with the one initially set in that loop. If it does not, one
must proceed around the loop again. Of course, a given relay

Manuscript received January 05, 2009. First published March 29, 2010; cur-
rent version published June 23, 2010. Paper no. TPWRD-00041-2008.

H. Sharifian, H. A. Abyaneh, and R. Mohammadi are with the De-
partment of Electrical Engineering, Amirkabir University of Technology
(Tehran Polytechnic), Tehran 15914, Iran (e-mail: hoda.sharifian@gmail.com;
askarian@aut.ac.ir; reza_mohamadi@aut.ac.ir).

S. K. Salman is with the Department of Electrical Engineering, Robert
Gordon University, Schoolhill, Aberdeen, AB10 1FR, Scotland, U.K. (e-mail:
s.k.salman@rgu.ac.uk)

F. Razavi is with the Department of Electrical Engineering Tafresh Univer-
sity, Tafresh 39518, Iran (e-mail: razavi.farzad@taut.ac.ir )

Digital Object Identifier 10.1109/TPWRD.2010.2043999

usually participates in more than one loop, so this procedure
needs some organization. Indeed, for a given network it is re-
quired to select: 1) a minimum set of relays to begin the process
with break points and 2) an efficient sequence for setting the re-
maining relays (i.e., determination of efficient primary and back
up relays sets [6]). Therefore, finding the starting points (i.e., the
location of starting relays in the procedure) for settings which
are called break points is the basic requirement. The proper set
of relays to start the coordination procedure is termed a break
point set (BPS) and each relay in a BPS is termed a break point
(BP).

Several ordinary and optimum methods using linear program-
ming (LP) techniques, genetic algorithm (GA) methods have
been developed [7]–[11]. The sympathy trips include a clas-
sification which can be summarized as follows: a) Before the
operation of any backup relay, some other relays operate; and
b) Before the operation of a primary relay, either its backup or
any other relay operates. This classification is very important
in relay coordination as given in [12]. The constraints related
to the sympathy trips are included in the coordination process
of the mentioned reference. Break points have been included in
some coordination methods. Solving relays coordination using
break points for large networks makes the relays TSMs to be
lower and therefore the relative operating times are decreased.
This advantage is shown in Section IV by comparing the results
of coordination program using both break points and without
break points.

It should be noted that finding break points in small networks
with limited number of buses and loops is not much complex.
However, with the increase of the number of buses and loops
in the system, the problem of finding the suitable BPS is virtu-
ally complicated [13]. Feipeng and Huaqiang developed depth-
first-search and retrospect method for determination of BPS. A
new means that found out all the simple loops by searching the
relays protection coordination set was advanced in these pa-
pers. But there is much redundancy calculation time because
the method has not optimized the sequence of searching relays
protection coordination set. If the scale of networks is large, the
process of searching cannot converge [14], [15]. Bapeswara Rao
and Sankara Rao proposed a method for determining the min-
imum break point set (MBPS) of a power system network and
manipulation of the complete loop matrix (L’). Complete loop
matrix includes both simple loops and the other loops (i.e., com-
posite loops). However, determination of the complete loop ma-
trix L’ can be time-consuming for large power networks [13].
Prasad et al. suggested a faster method for BPS determination
based on simple loops matrix. Although, this method is better
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