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This paper introduces a novel algorithm for radial distribution networks reconfiguration, called “Sifting algorithm.” It not only has
a simple structure but also has high speed and accuracy. It works by eliminating infeasible states and reduces the search space and
then it uses a simple method to find optimum answer in remaining space. To ensure the effectiveness of this algorithm, a 16-switch
test network was tested and the results were compared with three other well-known algorithms. The results of simulations showed
high speed and accuracy of this algorithm.

1. Introduction

Due to daily growth of electrical energy consumers and avail-
able limitations of generation and transmission of energy,
distribution systems are often operating under overload
conditions. The statistical results showed that majority of
interruptions of energy come from distribution systems. For
this reason these systems are taken in consideration recently.
Some of the most important objectives for optimization
include reducing, total losses of system (due to economic
attractiveness), improving reliability of system (due to reduce
faults) and improving voltage profile (due to consumers
satisfaction). Optimization of these systems is done by a usual
method that is called “reconfiguration” or “restructuring.”
Reconfiguration will change structure of the network by
changing status of its switches. These switches can be divided
into two categories including sectionalizing (normally close)
switches and tie (normally open) switches [1]. In fact for
changing structure of the network, the switches states should
be changed. Since the most distribution networks all over the
world are radial, there are some specific limitations for them.
Some of these limitations include maintaining radial struc-
ture, establishing load balancing, not overloading equipment
and, and so forth [2]. The other work of reconfiguration is
introduction of switching scenarios of the network. It will

help operators to take the best decision in a minimum time.
It minimizes human faults and does not need to shut down
the system too [3].

Themost important data for reconfiguration include load
consummation patterns and data of system. Usually, it is
assumed that loads are constant, but sometimes they are
taken into consideration as probabilistic. To obtain this infor-
mation such systems like Customer Information Systems
(CIS) and Outage Management Information System (OMIS)
can be used [4]. Reconfiguration can be done automatically
in the smart networks (3G). In these networks the status of
system is observable online and switches can be controlled
remotely [5]. Network reconfiguration is useful when a fault
occurs in system too. At the time, fault point will isolate and
structure of network will change. Usually it is assumed that
fault point will be found as soon as possible [6].

Changing the status of the switches can be done by a lot
of algorithms, but since power system problems are combi-
natorial optimization, they are difficult to solve by traditional
linear or nonlinear methods; then optimization algorithms
should be used [3]. Some of these optimization algorithms
include genetic algorithm (GA), ant colony search algorithm
(ACSA), artificial bee colony algorithm (ABC), simulated
annealing (SA), Tabu search, particle swarm optimization
(PSO), heuristic algorithms, and so forth [7–12]. The present
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Figure 1: A typical network to explain binary code generation.

paper will introduce a novel algorithm that is an invention of
authors and not only has high speed, but also its accuracy and
convergence are very good.

Onemore important issue in the reconfiguration problem
is objective function. The most important objective in the
recent literature is loss minimization. But there are more
objectives which can be considered, too, such as reliability,
voltage deviation, load balancing, transient behaviors of the
network, smart grid interactions, and so forth [6, 12–14].This
paper optimizes two objectives including voltage deviation
and total system losses.

2. The Reconfiguration Process

The first step to solve reconfiguration problem is representa-
tion of the network structure with a comprehensive code for
computer. To show the status of𝑁 switches in a distribution
feeder, a string of𝑁 bit can be used. For each switch, “1” shows
that its status is closed and “0” shows it is open. For example,
in the feeders shown in Figure 1 the above mentioned code is
(1 1 1 1 0 1 1 1 1 1 0).

If the statuses of switches change, their string code will
change too. Then reconfiguration problem is a binary issue,
because all states of the network are combinations of 0 and
1. An optimum code for the network has to be found which
results in minimum value of the objective function. For a
distribution network with 𝑁 switches there are 2𝑁 possible
codes which all of them are not necessarily feasible.

One advantage of the reconfiguration problem is its
unfeasible solutions that are predictable. Then search space
can be reduced.There are different ways to determine feasible
states.Three ways of themwill be introduced in the following
that everyone has advantages and disadvantages.

The First Method. Generate a random binary code and
restructure the network by it. If all buses are fed just from one
side, this code is feasible and should be saved; otherwise, it is
not. The speed of this method is low.

The Second Method. Figure 2 explains this method. Here the
network has three feeders and it is obvious that there must
not be any closed loop between them, and all buses must
be fed too. So all connection ways between feeders should
be found and every network code must have just one 0. If
there are more, that code is infeasible. The other important
limitation is that switches of end loads or feeders should
be 1. To understand this method, see Figure 2. Connection
ways between feeders include down branch (codes 13, 14,
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Figure 2: 3-feeder distribution network.

26, 25, and 23), left branch (codes 12, 15, 19, and 18), and
right branch (codes 17, 21 and 24). In every three codes, there
should be just one 0 to meet network structure feasibility. All
feasible states of the network are equal to multiplication of
the number of all collected codes. For example in Figure 2 the
number of feasible codes is 60; this number is gotten from the
multiplication of five down branch codes by four left branch
codes by three right branch codes. This method is harder but
it is very fast and reliable. Flowchart of Figure 3 will explain
this method.

The Third Method. The desired codes can be generated
manually, for example, by Microsoft Office Excel and then
saved in a database.This way is not automatic but is very fast.

3. Sifting Algorithm

As mentioned above, infeasible answers of reconfiguration
problem are predictable. Then search space can be reduced.
Sifting method is a heuristic algorithm which does this
reduction very well.

The sifting algorithm is almost similar to the well-known
PSO algorithm, with a few differences in generation first code
and swarm position update. In the proposed method at the
first step one of the feasible codes is selected and network
reconfiguration is done. This process is repeated in the times
equal to the population number.Then, one answer is selected
as the best answer (BA). At the next step, some codes which
are differed at just one switch (or bit) by BA are selected.
Indeed these codes are most similar codes to BA and they
can be optimum answer. Then each of them is selected and
verified. If each of them was better than BA, that code will be
the new BA. This process will continue until convergence is
met. Flowchart of Figure 4 will explain sifting algorithm.

The advantages of all these methods over the other
methods are their high speed of convergence and simple
structure. This method is fast because generated codes are
feasible, then after a few repetitions a good answer (BA)
can be found. At the next step, the most similar states to
BA will be selected and verified; these states are different
at just one or two switches. It avoids the algorithm to trap
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Figure 3: Flowchart of random codes making method.

in a local optimum solution. At this step just feasible codes
will be checked, but in other algorithms like BPSO codes
will be updated and then changed to feasible states [15, 16].
This change will reduce the speed of algorithm and make it
difficult too.

One more advantage of the proposed method is that it
guarantees fast convergence because answer space will reduce
significantly. For example, in Figure 2 feasible states are equal
to 60 (as already mentioned), but all states are equal to 216
(=65536); then answer space is about 0.09% of the search
space.

4. Simulation and Results

For a well-known distribution network shown in Figure 2,
which has been used in many literatures before, the proposed
method is applied. The network parameters can be found in
[17]. To show the speed and the effectiveness of the proposed
method, a comparison is made between this method and
three other algorithms. Table 1 shows reconfiguration CPU
times to minimize total losses and voltage deviation of the
network by four different methods. It is clear that sifting
method’s time is much less than the others (more than 4
times) and if the number of the network bus increases,
the CPU time difference will be obviously more. The final
solution is the same in all algorithms.
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Figure 4: Flowchart of the sifting algorithm.

Table 1: Obtained results for the proposedmethod and themethods
described in [3].

Methods Reference [3] Sifting procedure
GA SA ACSA

CPU time
(seconds) 2.32 2.07 1.81 0.43∗

Population 5 500 5 8
Best position
(Open switches) 17, 19 and 26

∗This time is average of 10 runs.

The objective function (O.F.) of this problem which
includes the total losses and the voltage deviation of the
feeders is shown as follows:

O.F. = 𝛼 ⋅ Loss + 𝛽 ⋅ Voltage deviation, (1)

where 𝛼 and 𝛽 are weighting coefficients which show rel-
ative importance of the components. These coefficients are
obtained with historical experiences and strategies of each
distribution system company. In this paper they chose 1 and 2,
respectively. Total losses and cumulative voltage deviation
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after running a load flow program will be obtained by the
following:

Loss =
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(2)

where 𝑉
𝑖
is the voltage magnitude of the 𝑖th bus and 𝑃

𝑖
, 𝑄
𝑖
,

and 𝑟
𝑖
are the active and reactive power and resistance of the

𝑖th section, respectively.

5. Conclusion

In this paper, a new method called “sifting algorithm” was
introduced for radial distribution networks reconfiguration.
This algorithmworks based on eliminating infeasible states in
the search space.Then a forward/backward load flowmethod
was applied for feasible states. An objective function contain-
ing the power loss and the voltage deviation was calculated
and the best configuration was recognized. To ensure the
efficiency of the proposed algorithm, a standard 16-switch
network was tested and the results are compared with three
other well-known algorithms. The simulation results were
very satisfactory, so that the speed of the proposed algorithm
was about 4 times better than the best answer of the other
algorithms.
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