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ABSTRACT

improve power quality parameters.

In this paper multi-objective reconfiguration of distribution network is performed to minimize real losses and
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At first problem solve by using genetic algorithm method. Selection of weight coefficient in this approach is difficult and time consuming,
therefore to fix this problem, Strength Pareto Evolutionary programming (SPEP) is used.in addition to this methods to investigate the con-
straints and restrictions of objective functions of the reconfiguration problem such as a radial distribution networks and transmission power

to whole loads.

Graph theory and adjacency matrix corresponding to the distribution network were used.
Proposed methods were performed on 33 bus IEEE distribution system and observed SPEP method gives multi answers which user can select

best answer based on his/her experience.

)

. Introduction

Reconfiguration changes the transmission path of power by
changing the mode of switches and switches, by meeting con-
straints such as keeping the distribution network radial and con-
necting buses in the system. Reconfiguration of problems in the
distribution network, in order to reduce losses to active power,
was first discussed in 1975 in [1]. In this paper all of the existent
switches in the distribution network have been considered, and
a suitable answer for the reconfiguration problem has been re-
searched by exchanging different branches. Some disadvantages
of this investigation include an assumption that all of the loads
are active, and failing to consider network constraints such as
voltage constraint and passing flow in each branch. In [2], the
method of exchanging branches for solving the reconfiguration
problem by selecting branches two by two is developed, so that
in every ring one opens and the other closes. In [3], the study of
network reconfiguration was performed seasonally or daily—as
a function of time—and in different modes of load. In [4], an
innovative method is presented to automatically eliminate in-
appropriate switches, so that selecting them stops the network
from being radial. In this paper, only whole active losses of the
network are defined as problematic. In [5] and [6], the ant algo-
rithm is used for the first time to reconfiguration distribution
systems with the objective of reducing total loss of power. This
algorithm has provided very suitable answers for the travelling
salesman problem and the sequential ordering problem. In ad-
dition, the ant algorithm has given Excellent results for solving
the reconfiguration problem. In [7], the ant algorithm is used, in
a parallel search, to minimize feeder losses and modify voltage
levels. One of the advantages of a parallel search is the reduction
of computing time. This paper has succeeded in finding global
network minimums. In [8], an innovative method for solving the
reconfiguration problem using the ant algorithm has been pre-
sented. In this method, firstly, all switches are considered closed,
and then a switch is selected in every ring to be opened by de-
termining rings of network graph. The entrance of nonlinear
loads in the distribution network can have negative effects on
the power quality problem. Reconfiguration is one way to mod-
ify parameters of power quality [9]. As a result, one of the recon-
figuration objectives is to modify parameters of power quality,
such as harmonics and voltage drop at the time of error. In this
thesis, multi-objective reconfiguration of distribution networks
towards reducing significant losses, and modification of param-
eters of power quality using intelligent methods is performed. In
addition, the constraints and restrictions of objective function
are investigated using other definitions and features of graph
theory such as adjacency matrix. Different Methods to imple-

ment a variety of continuous and discrete functions and Pareto
optimization approach (SPEA) because they have a good con-
vergence of the objective function, is proposed as the preferred
method. [10].

Different Methods to implement a variety of continuous and
discrete functions and Pareto optimization approach (SPEA) be-
cause they have a good convergence of the objective function, is
proposed as the preferred method.

In this paper, a daily reconfiguration Multi-objective distribu-
tion networks with the aim of minimizing real losses and modi-
fying parameters of power quality parameters using intelligent
methods are studied. Also, using other definitions and proper-
ties of the adjacency matrix of graph theory, graph constraints
and objective functions are evaluated for this purpose we have
used two approaches to solve the problem. In the first case, the
weighting coefficients of the second approach using the Pareto
method is carried out and the results are compared with each
other.

2. Introduction to Objective Functions in the Reconfigura-
tion Problem

In order to reconfiguration networks in the study and to use
multi-objective optimization by the weighted sum method, the
three stated objective functions in below must be minimized.

= Plass e

Where:

1 € Complex network of buses

In equations. (1)- (3) These equations are given again:

F1 include power loss,

F2 included npcc: (Number of buses sensitive to power quality),

THD: (total harmonic distortion),
and

PEL:)
lr})

=bus numbers are sensitive to power quality
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3. Using Graph Theory to Investigate How to Produce Radial
Distribution Networks and Non-Isolate Loads

This section states how to obtain a number of distribution net-
work meshes and isolated loads using graph theory and adja-
cency matrix.

The first, we constitute a corresponding graph of a distribution
network, (A) constituted. Having the main bus (reference) of
each feeder and considering a number of system feeders (K), we
obtain matrix AK1 obtained. Its rows show the buses connected
to each bus in the beginning of feeder, and to do this, according
to the number of the main bus we move to the same row of the
adjacency matrix and write down the column numbers corre-
sponding to one. Then trace these numbers in rows for the num-
ber one to reach the repetitive number or the end of repetition.
After eliminating the repetitive elements, the row matrix AK2 is
obtained, resulting in two cases by comparing its nonzero ele-
ments with number of possible system buses:

1. Number of system buses is not equal to number of
nonzero elements of the matrix (AK2):

This case shows that the graph is disconnected, and this differ-
ence introduces separate and isolated buses (except primary
buses of each feeder).

2. Number of system buses is equal to number of nonzero el-
ements of the matrix (AK2):

In this case after eliminating the first column of the matrix
(AK1), (buses in the beginning of each feeder), the number of
rows with zero elements show the number of buses in the begin-
ning of each feeder that are isolated. If there is no zero row, the
connectivity of the graph is guaranteed and the number of graph
rings is obtained by the following equations:

Therefore

It is evident that if L is zero, the graph is a tree, and so the sys-
tem is radial.

L=g-—p+1+K' 4)
K'=K-1 (5)

In equation. (4)
L: the tree graph, P: vertices of the graph and q: edges of the
graph

4. Solving the Reconfiguration Problem using Weighted Co-
efficients

In order to solve the reconfiguration problem using weighted co-
efficients, the following objective function is suggested:

e [ERETHD + WP+ (7)
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C = D - Number(mesh)+ E - Number(isolated ) 8)

In this equation. (7). wl, w2 and w3: weighted coefficients of the
system

And C: fine coefficient

To solve the dimension problem by this method, consider the
objective function F3 to be per unit. Using this, the problem of
dimension is solved. On the other hand, by a suitable selection
of weighted coefficients (w1 to w3) the effect of each these ob-
jective functions were determined. This action enables the bene-
ficiary to choose these coefficients in order to highlight the most
important objective function of the problem.
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Considering constraints and restrictions in the reconfiguration
of distribution networks -such as keeping a system radial, serv-
ing all of the loads, knowing the voltage of each bus and the
flow amount of each branch in permissible range—answers that
break the abovementioned constraints should be eliminated
from the solution set. For this purpose, the parameter C is con-
sidered in every objective function and is introduced as follows:

In equation (9), D and E are fine coefficients of wrong selections.
D is the fine coefficient of the number of network meshes, and E
is the fine coefficient of number of system-isolated buses.

By lacing parameter C in objective functions, impossible solu-
tions are eliminated from the search space and the algorithm
converges to the optimum solution with a better speed. The con-
straint that the network is radial and with no isolated bus in the
system is checked using graph theory.

5. Pareto multi-Objective Optimization Method

This algorithm was presented in 1999 by Zitzler and Thiele.
SPEA uses Concepts which are top generation and dominate
vector.

In each generation dominate collection keeps in archive titled
external collection and in generate operation the fitness of each
chromosome in the current population and external population
depends on the number of dominating solutions [9].

SPEA algorithm is implemented as follows:

1. The initial generation chromosomes randomly generated
and create a series called external set. (P’)

2. Copy dominate solutions (p) in (p’).

Solutions with other members who are covered delete it.

4. If the number of dominate solutions stored in more than a
predetermined maximum was pruned using clustering ex-
ternal set length trimming.

5. Assignment the fitness of chromosome sets.

6. Selection next generation in (p + p’) complex by using wheel
or tournament methods.

7. Apply cross over and mutation.

8. If you make a stop condition terminates, otherwise go to 2.

@

In Step 5, the fitness of all chromosomes and a numerical value
is determined. So it went on, how to allocate merit and cluster-
ing methods are described briefly discussed in Step 4.

Assign fitness value of chromosomes

Assignable fitness of chromosomes consists of two stages. First,
external set dominate chromosomes sort, then chromosomes of
P series are initialized Eq. (9).

Degree of strength defined as below:

5, =(n/(N +1)) ©)

Where:

fi=s; (10)
Chromosomal fitness, are equal to degree of strength.

Fitness value of each chromosome cover, the total degree of
dominate external solutions.

Cover is calculated. Here we are collecting the resulting number
to guarantee that a member has a better fitness than are mem-
bers. The aim here is to be careful of is minimization.

fi=1+ s, (an

i,i-=j
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In this paper, to optimize the multi-functional reconfiguration,
three functions which fl1, 2, f3 function, subject to a minimum
to minimize the THD and Voltage Sag.

Executable flowchart presented in Fig.1.

Figure. 1. Executive Graph Algorithms SPEP

6. Implementation of the Network of Study Using Evolution-
ary Algorithms, Weighted Sum and SPEA

In this section, objective functions are implemented by binary
genetic algorithm (BGA) [10]. The system in use is a distribu-
tion network with 33 buses and a nominal voltage of 12.66-kV. A
single-line diagram of this system is plotted in the figure. (2). In
addition, it is assumed that nonlinear loads are in the network
according to table. 1.

1920 31 22

20 27 38 39303132 B

1 2 3|4 8B 8 7 8 % 101119213 14 1878197 10

23 24 28

Figure. 2. 33-Buses Test System

Research Paper

6.1. The simulation method of weighting coefficients

Before simulation, it is assumed that switches related to the
lines 33-37 are open. In addition, buses with loads sensitive to
voltage drop and harmonics are 28, 24, 20, and 12. In this case,
objective function values related to parameters of power quality
are as follows:

fiezm=| 1/ _ | = 0.0694
/JEI‘E:‘ o vid |
(12)
fit3 = EEZICTHD=2=U.2905
(13)

In the implementation of this network with the BGA algo-
rithm—since there are five meshes in the network that are
caused by closing all of its switches—chromosomes are
considered to be five gene ones, and each chromosome is
defined as [Switch 1 to 5]. In this program, the number of
chromosomes is chosen as 20 and the number of algorithm
repetition as 200. Crossover coefficient is chosen as 0.9 and
contact coefficient as 0.05. In the first case, coefficients
chosen for objective and fine functions are D=E=500, w2=1,
wl=1, w3=1. Results are summarized in table.2 and figures.
3 and 4.

S W 0 200 360 300 M0 M0 450 500
iwr

Figure. 3. How to Get to the Best Solution of the Objective
Function by BGA for 33-Buses System with (wl=w2=w3=1)

Table 1: Properties of Nonlinear Loads of the 33-Buses Test System Harmonics Components

Harmonics Components

3

el
w g
BElalw| | v |o| & |o|o 2] 3 | 2] @ | Z]@]| 2 5 |=] @
33 o [0 |0 0.2 0 0.143 0 0 0 (0.0910 |0 0.077 0 0 0.059 0 0 ]0.035
22 0 |0 |0 0.2 0 0.143 0 0 0 ]0.0910 |0 0.077 0 0 0.059 0 0 ]0.035
18 0 [0 0 0.2 0 0.143 0 0 0 0.0910 |0 0.077 0 0 0.059 0 0 [0.035
25 0 [0 0 0.2 0 0.143 0 0 0 0.0910 |0 0.077 0 0 0.059 0 0 ]0.035
12 0 |0 |0 0.2 0 0.143 0 0 0 ]0.0910 |0 0.077 0 0 0.059 0 0 ]0.035
4 0 [0 0 0.0192 [0 0.132 0 0 0 0.0910 (O 0.057 0 0 0.0035 0 0 [0.0027
116 SR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH




Research Paper

R0 ER

28 3728 330 33 I

1T 2 34 8 8 T8 FAGUTIEEI3 T4 18YEAT 98

230421

Figure. 4. 33-Buses System after Reconfiguration: Case One

Table .2. Reconfiguration Results by BGA for 33-Buses Sys-
tem with (wl=w2=w3=1)

Objective
Modification |Function Best Chosen | Merit Network Status
Percentage |Value Before |Switches  |Function
Reconfiguration
89.36 2.0268 F1=0.2155
Reconfiguration
27 0.0694 29,23,33,11,5 | F2=0.0506 |With
BGA
76.6 0.2906 F3=0.0679

The final single-line diagram of the system after reconfiguration
is plotted in the figure. 4. The figure shows that, after reconfigu-
ration, the network has remained radial and continuous the re-
striction that the system remains radial has been met and the
optimization method has converted to a correct solution.

To simulate, use weight coefficient as illustrate in table .3. At
first case weight coefficient of 2 first aim functions, power loss
and voltage sag, considered equal. Actually these 2 aim func-
tions have more importance to user. Results of this simulation
presented in table .4, table. 4.1. Answers of this case are same
in comparison with another case that is considering all weight
coefficients equal to 1.Therefore to improve effect of 2 first aim
functions weight coefficient increased based on as demonstrated
in table 3.

Table. 3. Weighting Coefficients Used in the Reconfiguration

Number w, w, W,
1 2 2 1
2 5 5 1
3 1 5 5

Table. 3.1. Reconfiguration Results by BGA for 33-Buses Sys-
tem for Weighted Coefficients: Case Two (wl=w2=1, w3=10)

Objective
Modification |Function Best Chosen [Merit Network Status
Percentage |Value Before Switches  |Function
Reconfiguration
86.9 2.0268 F1=0.2648
Reconfiguration
14.6 0.0694 29,24,33,11,5 [F2=0.0592 | With
BGA
87.8 0.2906 F3=0.0352
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Table. 4. Reconfiguration Results by BGA for 33-Buses Sys-
tem for Weighted Coefficients (wl=w2=2, w3=1) from ta-
ble.5: Case Two

Objective
Modification [Function Best Chosen | Merit Network Status
Percentage [Value Before | Switches [Function
Reconfiguration
89.36 2.0268 F =0.2155
Reconfiguration
27 0.0694 29,23,33,11,5 |F,=0.0506 |With
BGA
76.6 0.2906 F,=0.0679

Table. 4.1. Reconfiguration Results by BGA for 33-Buses Sys-
tem for Weighted Coefficients (wl=w2=5, w3=1) from Table.
5: Case Three

Objective
Modification | Function Best Chosen | Merit
Percentage |Value Before Switches  [Function Network Status
Reconfiguration
91.66 2.0268 F=0.2648
Reconfiguration
38.7 0.0694 29,33,52,12 [F,=0.0592 (With
BGA
174 0.2906 F,=0.0352

To explain further, we use several different weight coefficients.

It is assumed that reducing losses is more important than two
other objective functions. In this case, weighted coefficients can
be considered as follows, for example:

Wil=w2=1, w3=10.

Choosing these coefficients and simulating them obtained the
results shown in the table. 3.1 The table shows losses to have
reduced by 86.9 percent, while two objective functions saw less
modification. In fact, by increasing the weighted coefficient of
the third objective function, this objective function decreased
more than two other objective functions within the problem.
This demonstrates the extent to which changing weighted coef-
ficients affects the final solution of the optimization algorithm,
and makes it difficult to choose these coefficients.

The final single-line diagram of the system after reconfiguration
is plotted in figure. 5. The figure shows that, after reconfigura-
tion, the network has remained radial and continuous that is re-

quire to remain the system radial and the optimization method
has converged to a correct solution.

1920 31 22

26 37 38 T8 3031 32 P
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23 24 32

Figure. 5. 33-Buses System after Reconfiguration: Case Two

In the third case, weighted coefficients choose as follows:
Wl=w3=1, w2=10.
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By choosing these coefficients and simulating them, results are
obtained as in table. 5. The table. 5 shows that second objective
function has seen a reduction of almost 29 percent, and has de-
creased more than the two previous cases. In fact, by increasing
the weighted coefficient of the second objective function, this
objective function has experienced a greater reduction in the op-
timization problem.

Table. 5. Reconfiguration Results by BGA for 33-Buses Sys-
tem for Weighted Coefficients: Case Three (wl=w3=1, w2=10)

Objective
Modification |Function Best Chosen | Merit Network Status
Percentage |Value Before | Switches [Function
Reconfiguration
89 2.0268 F1=0.2228
Reconfiguration
29 0.0694 29,22,33,11,5|F2=0.0489 |With
BGA
76 0.2906 F3=0.068

The final single-line diagram of the system after reconfiguration
in this case is plotted in figure. (6). the figure shows that, after
reconfiguration, the network has remained radial and continu-
ous that is the required to converge optimization method to a
correct solution.

These discussions show that choosing weighted coefficients has
significant effect in solving multi-objective optimization problems,
and that by changing these coefficients, the output solution of the
optimization problem will experience considerable changes.

For more information about reconfiguration results in Table 8.
Results of presented Table. 3 highlight in green, for weights

(wl=w3=1, w2=10,) highlight in yellow and for weights (wl=
w2=1, w3=10) highlight in blue.

1920 3122

20 2728 W3O A3 I

1 2 3 488 7T 8 ® 1011121314 181817 18

2324 20

Figure. 6. 33-Buses System after Reconfiguration: Case Three

6.2. The problem implementation by the SPEP method

In the last section Multi-objective reconfiguration prob-
lem with sum method of weighted coefficients is car-
ried out. In this section, reconfiguration with strong Pa-
reto Evolutionary programming (SPEP) is implemented.
Objective functions to optimizing, Osmic losses in the
system and parameters of power quality are considered.
On SPEP algorithm of selecting 50 chromosomes with the 200
repeating loop, created the results of Fig. 7 and Table. 7.

Figure. 7. Members Archive in the Purpose the Three-dimen-
sional Space F1, F2 and F3

Research Paper

Table. 7. Stored non-defeated solutions on archive of the
three-dimensional space Purpose of F1, F2 and F3

Xrirﬁli[‘);r Switches Choice F, F, F,

1 2 17 32 33 36 [1.2053 0.0323 0.2835
2 2 5 33 29 12 |0.1690 0.0425  (0.2400
3 2 24 28 11 36 |0.4251 0.0506 0.0352
4 2 11 33 23 35 (69411 0.0418 0.0679
5 5 11 33 24 29 |0.2648 0.0592  (0.0352
6 2 11 33 29 36 |(0.4356 0.0452 0.0684
7 5 11 33 23 29 |0.2155 0.0506  [0.0679
8 3 11 33 24 28 |(0.4232 0.0566 0.0352
9 2 12 33 35 36 |4.1156 0.0447 0.0352
10 2 12 33 24 35 |6.3333 0.0414 0.2407
11 4 11 33 24 28 [0.2949 0.0581 0.0352
12 2 11 33 24 35 |5.7672 0.0431 0.0352
13 5 11 33 22 29 |0.2228 0.0489 0.0680
14 2 11 33 23 35 |69411 0.0418 0.0679
15 2 8 33 35 36 |3.4780 0.0417 0.2717

Figure.7 Shows Pareto optimal solutions that is stored in
Specified archive on three-dimensional space.

The archives contain 45 members that all these solutions are ac-
ceptable. But here are just 15 answers provided. The important
point is that All solutions are optimized in such a way and ex-
ploiter Can With its discretion Choose One of these solutions.
However, that on method of weighting coefficients there was
only one optimal solution and there was no selection right.
The Table. 7 Shows that specified Answer in the table is the
same results from method of weighting coefficients. This shows
that the obtained answer By way of weighting coefficients in dif-
ferent modes is available on the obtained answers as the best
way to approach the Pareto. But with Pareto method we can act
more, For example, if for the exploiter the minimum being of Ac-
tive power losses is important can select one of the answers of
2, 11. Also above table shows that among the obtained response,
Reply Number 1 Have the best condition for voltage sag and the
response of 3, 5, 11 and 12 have the minimum THD. So if for sys-
tem exploiter these parameters are more important can select
each of these solutions.

It is clear that in this way, other weighting coefficients Have no
place and system operator without worrying about the correct
selecting of weighting coefficients easily choose his desired re-
sponse.

7. Conclusion:

In this chapter the problem of multi-reconfiguration with the
objective functions of Osmic losses in the system and improving
parameters of power quality, two methods of Total Weighted and
SPEP were studied. In the SPEP Problem Solving is not a unique
solution and will lead to an archive of Pareto optimal solutions
on a Purpose space multi-dimensional.

Optimization Problem Solving In the multi-objective space Than
the single-objective space, Gives Wider perspective Towards
Problem Solving From the idea that Among the Pareto optimal
solutions, the Quantity of Which of the variables Impacts On
which of the optimization objective function.
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