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ABSTRACT

Distribution system (DS) delivers electrical power to the end
users and is the first interface of the utility with the
consumers. Distribution system contributes the highest power
loss due to its operation in low voltage level. Due to
deregulation and competition, distribution utilities are under
pressure to minimize operation cost by reducing losses and to
improve reliability to enhance the overall performance. The
distribution system is reconfigured for the purpose of loss
minimization, load balancing on the feeders, relieving
overloads, maintenance etc., it also affects voltage profile,
reliability, power factor, etc. In each configuration (switching
combinations), these parameters are affected (changed) and
these alternatives are available for the decision makers (DM).
Multi-attribute decision-making (MADM) is the well-known
branch of decision making which deals with decision
problems through a number of qualitative and quantitative
criteria. In this paper different MADM methods SAW, WPM,
TOPSIS and PROMETHEE are proposed for finding the
compromised best radial configuration by considering loss
minimization, reliability indices etc. from available
alternatives and results are compared.

General Terms
MADM methods, Reconfiguration of Distribution system.

Keywords
Distribution system Reconfiguration, Loss minimization,
Multi-attribute decision making, SAW, WPM, TOPSIS,
PROMETHEE.

1. INTRODUCTION
1.1 Motivation

Power system consists of three main components generation,
transmission and distribution system. The distribution system
consists of the distribution lines and substations. Distribution
system has losses in the range of 5-13% and is considered the
weakest link in the power system. Due to improper and
insufficient investments in the distribution system and
increasing demand power losses and failure rate have
increased. After many decades of negligence, distribution
system is getting greater focus now-a-days. Utilities are under
pressure to improve reliability and supply quality power to
consumers due to deregulated, competitive environment[1].
Therefore, utilities must have accurate information about
system performance to reduce operating and maintenance cost
and to meet customer expectations. An improved distribution
infrastructure and innovative practices can reduce losses and
improve reliability [2].

In India consumers are becoming more demanding with
respect to service standards. Consumer will have more options
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while choosing their power supplier due to open access,
private participation and parallel licensee. Competition in
distribution utilities will force them to look at innovative
solutions for customer retention. Implementation of standards
of performance (SOP) and making utilities pay for deficient
service standards will be a reality. Therefore, considering all
these parameters the distribution system managers will have
to operate the DS in most efficient manner and improve their
working by maintaining the standards of performance (SOP).
Researchers have used reconfiguration, optimal capacitor
placement and DG placement approach to improve overall
network performance.

1.2 Reconfiguration of Distribution system
Nowadays, the electricity demand is increasing day by day
and hence it is very important not only to use renewable
energy sources but also to reduce the power losses existing
distribution system. For the better planning of distribution
system, topology is required to change. System
reconfiguration means rearranging the distribution lines which
connect various buses (loads) in a power system. Network
reconfiguration in distribution systems is performed by
opening sectionalizing (normally closed) and closing tie
(normally open) switches of the network. These switching are
performed in such a way that the radiality of the network is
maintained and all the loads are energized without violating
system operational constraints. By changing status of
switches, the power flow to loads will be changed and
consequently affects the power loss, voltages, harmonic
distortion level, as well as the system reliability. Hence in
normal operation condition performance of distribution
system can be improved by selecting the correct status of
switches. Past work [3]-[13] has proposed various approaches
to network reconfiguration. Finding the optimal feeder
configuration with different criteria and constraints is a
complex mixed-integer nonlinear optimization problem.

1.3 Multi attribute decision making
(MADM) methods

Multiple criterion decision making (MCDM) methods are
used for making decisions in multiple criteria problems. The
MCDM methods are further classified into: Multiple objective
decision making (MODM) methods and Multiple attribute
decision making (MADM) methods.

MODM methods are used when objectives are many, and we
have to choose the best while satisfying the constraints and
preference priorities. MADM methods can be applied to
limited number of predetermined alternatives. MADM is an
approach used to solve problems with limited number of
alternatives. In recent decades, for complex decisions in terms
of the consideration of multiple factors, researchers have been
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focused on Multi Attribute Decision Making (MADM)
techniques [14]-[16].

In MADM, several alternatives (options) according to some
attributes (criteria) are ranked and selected. Ranking and
selecting will be made among decision alternatives described
by some criteria (factors) through decision-maker knowledge
and experience.

Each decision table or decision matrix in MADM methods
have alternatives, attributes, weight or relative importance of
each attribute, and measures of performance of alternatives.
The decision table is shown in Table 1. The decision table
shows alternatives, Ai (fori= 1,2, ....., N), attributes, Bj (for
j=1,2,....., M), weights of attributes, wj (for j=1, 2, ....., M)
and the measures of performance of alternatives, mij (for i= 1,
2, ., N =1L 2, o, M.

The job of the decision maker is to obtain the best alternative
from the given alternatives in the form of decision table or
matrix. All the elements in the decision table or matrix must
be normalized to bring all the attributes on the common
platform.

Table 1. Decision table or Matrix in MADM methods

Attributes
Alternatives B1 B2 B3 - - BM
wl) w2) W3) () () (wM)
Al mll ml2 mil3 - - miM
A2 m21 m22 m23 - - m2M
A3 m31 m32 m33 - - m3M
AN mN1 mN2 mN3 - - mNM

2. MADM METHODS

2.1 Simple Additive Weighting (SAW)

Method

This is also called the weighted sum method (WSM)
developed by Fishburn, and is the simplest, and still the
widely used MADM method [14]. In this method, each
attribute is given a weight, and the sum of all weights must be
1. Each alternative is assessed with regard to every attribute.
The performance index of an alternative is calculated by using
equation 1.

M
Pi = Z wj (mij)normal (€Y
=1

2.2 Weighted Product Method (WPM)

This method is similar to SAW [14]. The only difference is
that, instead of addition there is multiplication and developed
by Miller and Starr. The performance index is given by
equation 2.

M
Pi = | |[(mij)normal]" )
[l

International Journal of Computer Applications (0975 — 8887)
Recent Trends in Electrical Engineering - 2017

2.3 Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS)

method

The TOPSIS method was developed by Hwang and Yoon.
This method is based on the concept that the chosen
alternative should have the shortest Euclidean distance from
the ideal solution, and the farthest from the negative ideal
solution [15]. Hence, TOPSIS gives a solution that is not only
closest to the hypothetically best, that is also the farthest from
the hypothetically worst.

The procedure for TOPSIS method [2] for the selection of the
best alternative from available is described below:

Stepl: Identify and short-list the alternatives on the basis of
the identified criteria.

Step2: Prepare a decision table or decision matrix.

Step3: Obtain normalized decision matrix, Rij, by using the
following expression.

Rij = mij/VEM, m’ij &)

Step 4: Decide the relative importance i.e. weights of the
different attributes wj (note that ) wj=1). The weights of the
attributes are generally assigned by the decision maker based
on his/her preference.

Step 5: Obtain the weighted normalized matrix Vij by the
multiplication of each element of the column of the matrix Rij
with its corresponding weights wj. The weighted normalized
matrix Vij can be prepared by using following equation.

Vij = wjRjj 4
Step 6: Obtain the ideal (best) and negative ideal (worst)

solutions. The ideal (best) and negative ideal (worst) solutions
can be expressed as:

max min
v+ Z(V”) Z(Vij)/f 12N} (5)
= — ) - or = 1l,z,.
— \je]/ La\je]
V+= {V14,V24,V3+,....,VM + } (6)
min max
V—= Z(Vij)Z(Vij)/f—lz N @)
—\je]/)  La\je)
V—= {V1-,V2-,V3—,....,VM -} ®

Where,

J=(G=12, ..., M)j is associated with beneficial attributes
and]’ = (j = 1, 2, ..., M)/j is associated with non-beneficial
attributes.

* Vj + indicates the ideal (best) value of the attribute. In case
of beneficial attributes (i.e. whose higher values are desirable
for the given application), Vj + indicates the higher value of
the attribute. In case of non-beneficial attributes (i.e. whose
lower values are desired for the given application), Vj +
indicates the lower value of the attribute.

*Vj - indicates the negative ideal (worst) value of the attribute
among the values of the attribute for different alternatives. In
the case of beneficialattributes (i.e., those of which higher
values are desirable for the givenapplication), Vj- indicates
the lower value of the attribute. In the case of non-
beneficialattributes (i.e., those of which lower values are
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desired for the givenapplication), Vj- indicates the higher
value of theattribute.

Step 7: Obtain the separation measures. The separation of
each alternative from the ideal one is given by Euclidean
distance by the following equations.

Si+= XL, (Vij-Vj+)2, i = 12,.., N 9)

Si—= |¥M . (Vij—Vj—)2,i=12,..,N (10)

i

Step 8: The relative closeness of a alternative to the ideal
solution, Pi, can be expressed in this step as follows.

Pi=S—/(S— +S+) a1

Step 9: A set of alternatives is made in the descending order
according to the value of performance index Pi indicating the
most preferred and least preferred feasible solutions.

2.4 Preference Ranking Organization
Method for Enrichment

Evaluations(PROMETHEE)

The PROMETHEE method was introduced by Brans et al.
and belongs to the category of outranking methods.
PROMETHEE [15], [16] proceeds to a pairwise comparison
of alternatives in each single criterion in order to determine
partial binary relations denoting the strength of preference of
an alternative al over alternative a2.

The steps for PROMETHEE are as follows:

Stepl: Identify and short-list the alternatives on the basis of
the identified criteria.

Step2: Prepare a decision table or decision matrix.

Step3: Get the information on the decision maker preference
function. The preference function (Pi) translates the difference
between the evaluations obtained by two alternatives (al and
a2) in terms of a particular attribute, into range from 0 to 1.
Let Pi, ala2 be the preference function associated to the
attribute bj.

Pi,ala2 = Gi[ci(al) — ci(a2)] (12)

(13)

If the decision maker specifies a preference function Pi and
weight wi for each attribute ‘bj’ of the problem, then the
multiple attribute preference index Gala2 can be calculated as
the weighted average of the preference functions Pi.

0<Pjalaz<1

M

1_[ alaz = Z wiPi, ala2 (14)
i=1

Step 4: Calculate the leaving flow ¢+(a).

o*@ = [ (15)

xeA
Step 5: Calculate the entering flow ¢-(a).
o@=) [ [ax (16)

xeA

Step 6: Calculate the net flow ¢ ().

p@) = ¢*(@@) — e ()(17)
Step 7: Decide the ranking based on the scores of net flow.
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The PROMETHEE method provides a ranking of the
alternatives from the best to the worst one using the net flows.

3. CASE STUDY

The application of the different MADM [17]-[21] methods is
proposed to a distribution system test network [19] based on
an existing distribution network in an electricity distribution
company is considered.

The test network includes seven load centers, representing the
accumulated load of the 11 kV distribution network at each
connection point, as well as 17 existing transformers and a
number of existing underground cables and overhead lines. In
our case study, five different alternatives are to be evaluated
by decision makers. Attributes short listed for thiscase study
are:

. gl = Annual energy losses (MWh);

. g2 = System security: number of
customers interrupted per 100 connected customers;
. g3 = Supply availability: average

customer minutes lost per connected customer;

o g4 = constraints:  load

unsupplied (MWh);

Capacity

. g5 = Environmental impact: the total
circuit length of new or modified network circuits
(km);

. g6 = Capital cost (£000).

All these attributes are required to be minimized.

Table 2. Distribution system data

Solution | g1 g2 g3 g4 g5 g6

al 17420.24 | 6.64 | 150.12 | 23.4 0.27 | 2580
a2 17470.41 | 6.37 | 134 234 1.04 | 2053
a3 17401.69 | 6.34 | 128.47 | 110.18 | 1.19 | 2040
ad 17496.41 | 6.07 | 112.24 | 110.18 | 1.95 | 1513
ab 17410.24 | 6.58 | 150 234 0.27 | 2930

Table 3. Normalized data for Distribution system

Solution | g1 g2 g3 g4 g5 g6

1 0.9989 | 0.9142 | 0.7477 | 1.0000 | 1.0000 | 0.5864
2 0.9961 | 0.9529 | 0.8376 | 1.0000 | 0.2596 | 0.7370
3 1.0000 | 0.9574 | 0.8737 | 0.2124 | 0.2269 | 0.7417
4 0.9946 | 1.0000 | 1.0000 | 0.2124 | 0.1385 | 1.0000
5 0.9995 | 0.9225 | 0.7483 | 1.0000 | 1.0000 | 0.5164
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3.1 Application of SAW AND WP Method
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Table 9. Result of TOPSIS method

Table 4. Results for SAW and WP Method Solution Pi Ranking
) SAW Method WP Method 1 0.7504 1
Solution i i
Scores | Ranking Scores | Ranking 2 0.7379 2
1 0.8458 |1 08265 |1 3 0.3010 5
2 0.7916 3 0.7315 3
4 0.3017 4
3 0.5972 5 0.4910 5
5 0.6985 3
4 06736 | 4 05045 | 4
5 08207 |2 08018 |2 3.3 Application of PROMETHEE method

3.2 Application of TOPSIS method
Table 5. Normalized data for TOPSIS

Table 10. Preference values w.r.to criterion annual energy

losses

C1 Al A2 A3 A4 A5
Al - 1 0 1 0
A2 0 - 0 1 0
A3 1 1 - 1 1
A4 0 0 0 - 0
A5 1 1 0 1 -

Solution | gl g2 g3 g4 g5 g6
1 0.4467 | 0.4638 | 0.4947 | 0.1453 | 0.1063 | 0.5069
2 0.4480 | 0.4449 | 0.4416 | 0.1453 | 0.4096 | 0.4033
3 0.4462 | 0.4428 | 0.4233 | 0.6843 | 0.4687 | 0.4008
4 0.4487 | 0.4239 | 0.3699 | 0.6843 | 0.7680 | 0.2973
5 0.4465 | 0.4596 | 0.4943 | 0.1453 | 0.1063 | 0.5757
Table 6. Weighted Normalized matrix
iolutlo gl g2 g3 g4 g5 g6
1 0.022 | 0.069 | 0.074 | 0.036 | 0.016 | 0.126
3 6 2 3 0 7
5 0.022 | 0.066 | 0.066 | 0.036 | 0.061 | 0.100
4 7 2 3 4 8
3 0.022 | 0.066 | 0.063 | 0.171 | 0.070 | 0.100
3 4 5 1 3 2
4 0.022 | 0.063 | 0.055 | 0.171 | 0.115 | 0.074
4 6 5 1 2 3
5 0.022 | 0.068 | 0.074 | 0.036 | 0.016 | 0.143
3 9 1 3 0 9
Table 7. Best and Worst Table 8. Separable
Values measures
. BEST WORST
Solution Vet V- S+ S-
1 0.0223 0.0224 0.0560 | 0.1682
2 0.0636 0.0696 0.0538 | 0.1516
3 0.0555 0.0742 0.1478 | 0.0637
4 0.0363 0.1711 0.1674 | 0.0723
5 0.0160 0.1152 0.0723 | 0.1674

Table 11. Preference values w.r.to criterion no. of
customers interrupted per 100 connected customers

Cc2 Al A2 A3 Ad A5
Al - 0 0 0 0
A2 1 - 0 0 1
A3 1 1 - 0 1
Ad 1 1 1 - 1
A5 1 0 0 0 -
Table 12. Preference values w.r.to criterion supply
availability
C3 Al A2 A3 Ad A5
Al - 0 0 0 0
A2 1 - 0 0 1
A3 1 1 - 0 1
Ad 1 1 1 - 1
A5 1 0 0 0 -
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Table 13. Preference values w.r.to criterion capacity Table 16. Performance matrix
constraint
Solution Al A2 A3 A4 A5
C4 Al A2 A3 Ad A5
Al - 0.2 0.4 0.45 0.25
Al - 0 1 1 0
A2 0 3 1 1 0 A2 0.55 - 0.4 0.45 0.55
A3 0 0 _ 0 0 A3 0.6 0.6 - 0.2 0.6
Ad 0 0 0 - 0 Ad 0.55 0.55 0.55 - 0.55
A5 0 0 1 1 - A5 0.35 0.2 0.4 0.45 -

Table 14. Preference values w.r.to criterion circuit length . . .
Table 17. Dominance matrix and Ranking

C5 Al A2 A3 Ad A5 ) Net :
1 - 1 1 1 0 Solution (o) (9-) Dominance Ranking
A2 0 - 1 1 0 Al 1.30 2.05 -0.75 5
A3 0 0 - 1 0 A2 1.95 1.55 0.40 2
A4 0 0 0 - 0 A3 200 | 175 |0.25 3
AS 0 1 1 1 - A4 220 | 155 | 065 1
A5 1.40 1.95 -0.55 4
Table 15. Preference values w.r.to criterion capital cost
c6 Al A2 A3 Ad AS Table 18. Comparison of different MADM methods
Al i 0 0 0 ! Solution SAW WPM | TOPSIS | PROMETHE
A2 1 - 0 0 1 1 1 1 1 c
A3 1 1 - 0 1 > 3 3 2 5
Ad 1 1 1 - 1 3 5 5 5 3
A5 0 0 0 0 - 2 2 2 2 1
5 2 2 3 4
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Fig 1. Graphical representation of comparison of different MADM methods

4. CONCLUSION

In this paper, SAW, WPM, TOPSIS, and PROMETHEE
methods are used in distribution system for decision making.
The attributes and weights decided were, Annual energy
losses (0.05), System security (0.15), Supply availability
(0.15), Capacity constraints (0.25) and Circuit length (0.15),
Capital cost (0.25). The results obtained by all the MADM
methods are compared and solution number 1 has obtained
rank 1 in SAW, WPM, and TOPSIS method and solution
number 4 has obtained rank 1 rank by PROMETHEE.

The purpose of this paper is to find the compromised best
configuration for the considered distribution system by using
different MADM methods. The PROMETHEE method
considers values of the criteria and their relative importance
together. In the TOPSIS method, the alternatives are ranked
based ontheir closeness to the best virtual value. The MADM
methods are systematic, logical and convenient to implement
and can be used for any practical decision-making problem.
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