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Abstract— Active power loss in an electrical system can be reduced by controlling the flow of reactive power in the system. The reactive power
flow in a system can be controlled through generator voltages, transformer tap setting and capacitor banks. The problem of reactive power flow
control is a non linear multidimensional search space problem. Different optimization techniques have been implemented to obtain an optimal
combination of these control variables to minimize the active power loss. Particle swarm optimization is one of the most robust and adaptive
technique used for minimizing active power loss. Dynamic PSO is an improved variant of PSO. This paper further suggests addition of inertia
weight to Dynamic PSO for faster convergence. The proposed method is implemented on IEEE 6 bus system.
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I.

INTRODUCTION

Reactive power flow control in an electrical system is of
paramount importance. Minimizing the flow of reactive power
in the system improves the voltage profile, increases reliability,
provides economic operation, reduces active power losses, etc.
The reactive power flow in an electrical system can be
controlled by generator voltages, transformer tap settings and
capacitor banks.
The reactive power flowing in an electrical system
contributes to the losses taking place in the system. By
controlling the flow of reactive power in the system, the active
power losses can be reduced. The parameters through which
reactive power flow can be controlled are called as control
variables. An optimal combination of these control variables is
required to achieve optimal reactive power flow in the system.
Various artificial optimization techniques have been used to
solve the reactive power flow control optimization problem like
particle swarm optimization (PSO) [1-3], genetic algorithm
(GA) [4], ant colony optimization (ACO) [5,6], tabu search
(TS) [7], differential evolution (DE) [8-10], artificial bee
colony (ABC) [11], etc. These methods are derived from
various biological processes. Improved and hybrid versions of
these methods have also been introduced through the years to
solve multidimensional optimization problem.
The reactive power flow problem is a non linear
multidimensional optimization problem. The complexity of the
problem increases as the number of control variables increase.
The optimization technique should be robust and adaptable to
obtain the optimal solution of such a problem.
Particle swarm optimization is a widely studied and
researched optimization technique. It is simple in its
implementation. Particle Swarm optimization (PSO) was
introduced in 1995 by Kennedy and Eberhart [12]. Dynamic
PSO [1] is an improved variant of PSO and tries to overcome
an inherent demerit of PSO caused due to constants present in
the calculation of velocity for particles.
The term of inertia weight was introduced in PSO [13] to
control the exploration and exploitation of the search space by
the particles. For global search the inertia weight is kept large
whereas for local search the inertia weight is kept small. Early

studies and methods to calculate inertia weight are presented in
[14, 15]. Inertia Weight has been a topic of discussion in
various researches and review studies [16-26].
This paper proposes to introduce the inertia weight term in
Dynamic PSO to improve its performance and speed of
convergence. Dynamic PSO with inertia weight has been
implemented on IEEE 6 bus system and compared with
original dynamic PSO. Inertia weight has been introduced in
dPSO using three different methods.
The reactive power flow control problem has been dealt
with in detail in [1].
II.

PARTICLE SWARM OPTIMIZATION AND DYNAMIC PSO

Particle Swarm optimization has been variedly used in
various fields for optimization. It is a robust and easily
adaptable method. PSO emulates the behaviour of birds in a
flock or fish in a school. The animals try to optimize their
movements to gather food, avoid predators and seek mates. In
[12], it is also mentioned that the PSO tries to emulate a human
behaviour which is based on social and cognitive models. It is
easy to emulate a human behaviour since two persons can have
same level of thoughts without being at the same place
physically, whereas the same is not true for the birds or fishes.
In PSO, a number of random particles are generated. Each
particle represents a specific combination of control variables
and is a candidate solution itself. The particles travel through
the multidimensional search space to find the optimal solution.
The movement of the particles is dependent on its previous
velocity, individual best and global best values. Previous
velocity represents the direction of the recent movement of a
particle in multidimensional search space. Individual best of a
particle is a position achieved by that particle during the search
process having best objective function value. Global best is a
position achieved by any particle within the swarm which has
the best recorded objective function value. The effect of these
parameters on the velocity of a particle is further controlled by
constants like constriction factor (K) and acceleration
coefficients (c1 and c2). The values of these factors are
specified as K=0.729, c1=c2=2.04 in [17]. These values are
applicable to all optimization problems being solved by PSO.
Since all optimization problems are not same these factors may
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or may not be optimal for the problem being considered [18].
Many authors and researchers have tried to find out better
options to overcome this demerit of PSO. Dynamic PSO is an
improvement in PSO which eliminates the usage of these
factors from the calculation of velocity.
The velocity of a ‘d’ dimension particle in dPSO is
calculated as given in equation (1):
vid =(f(pid) - f(xid)) * (pid - xid) * sf1 + (f(pgd) - f(xid)) * (pgd xid) * sf2 + rand() * signis() * sf3
(1)
where vid  velocity of the particle ‘i’.
f(pid)  objective function value of individual best of
particle ‘i’.
f(pgd)  objective function value of global best.
f(xid)  objective function value of the particle ‘i’.
pid  individual best position of particle ‘i’.
pgd  global best position.
xid  current position of the particle ‘i’.
rand()  function used for generating random number
between 0 and 1.
signis()  used to randomly generate +1 or -1
sf1, sf2, sf3  scaling factors for different terms.

performance. The different methods implemented
calculation of inertia weight are enlisted in Table I.
TABLE I.
Sr.
No.
1
2
3

INERTIA WEIGHT CALCULATION METHODS
Method

Explanation

ω = 0.729
ω = 0.9 to 0.4

Inertia weight has a constant value of 0.729
Inertia weight reduces linearly from 0.9 to 0.4
through the execution of the search process.
Inertia weight is a random number between 0.5 - 1, at
any point during the search process. The rnd function
generates a random number from 0 to 1.

ω = 0.5 +
rnd/2

There are other methods of calculating inertia weight which
are not considered because of complexity and increase in time
required for obtaining the optimal results.
IV.

III.

IMPROVED DPSO

The new position of particles in dPSO is calculated without
using the constriction factor and the acceleration coefficients. It
is however felt that the movement of particles can be better
coordinated by introducing the inertia weight term in dPSO
method. The inertia weight is used to control the velocity of
particles and their movement. A higher value of inertia weight
is used for global search or exploration whereas a lower value
of inertia weight is used for local search or exploitation.
It has been proposed and testified in earlier research works
[16, 17 and 19] that the inertia weight should have a higher
value at the beginning of the search process and should reduce
towards its end. The comparison between the effect of inertia
weight and constriction factor on performance of PSO is
presented in [17]. A detailed study in different inertia weight
values and constriction factor is also presented in [19]. An
adaptive inertia weight calculation method is presented in [20].
The inertia weight calculation as increasing and decreasing
sigmoid function is implemented in [21, 22]. An in depth
review study on different methods inertia weight calculation
methods and their effect on performance of PSO is discussed in
[23, 24 and 25]. In [26], the various inertia weight calculation
methods are discussed and their performances are compared.
The new position of particles in dPSO is calculated using
the following equations (2a) and (2b):
vid= ω*vid + (f(pid) - f(xid)) * (pid - xid) * sf1 + (f(pgd) - f(xid))
* (pgd - xid) * sf2 + rand() * signis() * sf3
(2a)
xid= xid + vid
(2b)
where ω  inertia weight
The dPSO method [1], initially did not have any inertia
weight and hence the ‘previous velocity’ of a particle was not
required for calculating its current velocity. In the improved
method the inertia weight term has been added to enhance its

RESULTS

The improved dynamic PSO method was implemented on
standard IEEE 6 bus system. The IEEE 6 bus system has 6
control variables: V1, V2, T43, T56, Q4, and Q6. The data of
IEEE 6 bus system is given in Table II. Table III shows the
minimum and maximum limits of these control variables.
TABLE II.

In [1], it was observed that the dPSO was able to perform
better than PSO [17].

for

Start Bus
1
1
4
5
2
6
4

End Bus
6
4
6
2
3
5
3

IEEE 6 BUS SYSTEM DATA
Branch Impedance
0.23+j0.518
0.080+j0.370
0.097+j0.407
0.282+j0.640
0.723+j1.050
0.000+j0.300
0.000+j0.133

TABLE III.

1.025
1.1

CONTROL VARIABLE CONSTRAINTS

Transformer Tap
Setting

Generator Bus
Voltage

T65, T43

Minimum
Limit
Maximum
Limit
Step Value

Transformer Tap

V1

Capacitor Bank
(MVAR)

V2

Q4

Q6

0.910

1.0

1.1

0.0

0.0

1.110

1.1

1.15

5.0

5.5

0.125

0.01

0.005

0.5

0.5

The initial and optimal values of control variables are given in
Table IV.
TABLE IV.

INITIAL AND OPTIMAL VALUES OF CONTROL VARIABLES
V

V

1

Initial
State
Optimal
State

Q

2

Q

4

T

6

T
43

65

1.05

1.1

0

0

1.1

1.025

1.1

1.15

5

5.5

0.9475

0.935

The performance of different methods of calculation of
inertia weight is compared on their ability to obtain optimal
solution in less number of iterations. The average values of
iteration number at which the different inertia weight
calculation methods are able to reach the optimal solution are
presented in Table V.
TABLE V.
No of
Particles

AVERAGE ITERATION NUMBER FOR OBTAINING OPTIMAL
RESULT
Without

0.729

Reducing

0.5+rnd/2
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20

6.6

5.1

5

4.9

25

5.9

4.6

4.6

4.5

From Table V, it can be observed that ω = (0.5 + rnd/2)
method of calculating inertia weight in dPSO technique
generates the best result. This method is able obtain optimal
result in lesser number of iterations as compared to other
methods. The above results are presented based on an average
of 10 readings for each method. The average number of
iterations required to obtain optimal result is reduced by about
15% - 20% on adding the inertia weight term in dPSO.
V.

CONCLUSION

The active power loss minimization of a system is a non
linear multidimensional search space problem. Various
optimization methods have been implemented to solve the
problem. Particle Swarm optimization is one such method and
Dynamic PSO is its improved variant. The performance of
dPSO has been observed to improve with the introduction of
inertia weight term in calculation of particle velocity. Different
methods of inertia weight calculation have been implemented
and compared.
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