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a b s t r a c t

Recent trend of research is to hybridize two and more algorithms to obtain superior solution in the field
of optimization problems. In this context, a new technique hybrid Particle Swarm Optimization (PSO)-
Multi verse Optimizer (MVO) is exercised on some unconstraint benchmark test functions and the most
common problem of the modern power system named Optimal Reactive Power Dispatch (ORPD) is opti-
mized using the novel hybrid meta-heuristic optimization algorithm Particle Swarm Optimization-Multi
Verse Optimizer (HPSO-MVO) method. Hybrid PSO-MVO is combination of PSO used for exploitation
phase and MVO for exploration phase in uncertain environment. Position and Speed of particle is mod-
ernised according to location of universes in each iteration. The hybrid PSO-MVO method has a fast con-
vergence rate due to use of roulette wheel selection method. For the ORPD solution, standard IEEE-30 bus
test system is used. The hybrid PSO-MVO method is implemented to solve the proposed problem. The
problems considered in the ORPD are fuel cost reduction, Voltage profile improvement, Voltage stability
enhancement, Active power loss minimization and Reactive power loss minimization. The results
obtained with hybrid PSO-MVO method is compared with other techniques such as Particle Swarm
Optimization (PSO) and Multi Verse Optimizer (MVO). Analysis of competitive results obtained from
HPSO-MVO validates its effectiveness compare to standard PSO and MVO algorithm.
� 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

At the present time, hybridize of two and more algorithms to
obtain superior solution in the field of optimization problems
and application in The Optimal Reactive Power Dispatch (ORPD)
is very significant problem and most focused objective for power
system planning and operation [1]. The ORPD is the elementary
tool which permits the utilities to identify the economic opera-
tional and much secure states in the system [2,3]. The ORPD prob-
lem is one of the utmost operating desires of the electrical power
system [4]. The prior function of ORPD problem is to evaluate the
optimum operational state for Bus system by minimizing each
objective function within the limits of the operational constraints
like equality constraints and inequality constraints [5]. Hence the
Optimal Reactive Power Dispatch problem can be defined as an

extremely non-linear and non-convex multimodal optimisation
problem [6].

From the past few years too many optimization techniques
were used for the solution of the Optimal Reactive Power Dispatch
(ORPD) problem. Some traditional methods are used to solve the
proposed problem have been suffered from some limitations like
converging at local optima, not suitable for binary or integer prob-
lems and also have the assumptions like the convexity, differentia-
bility, and continuity [7]. Hence these techniques are not suitable
for the actual ORPD situation [8,9]. All these limitations are over-
come by meta-heuristic optimization methods like genetic algo-
rithm (GA), Particle Swarm Optimization algorithm (PSO), ant
colony algorithm (ACO), differential evolution algorithm (DEA)
and harmony search algorithm (HSA) [10,11].

In the present work, a newly introduced hybrid meta-heuristic
optimisation technique named Hybrid Particle Swarm
Optimization-Multi Verse Optimizer (HPSO-MVO) is applied to
solve the Optimal Reactive Power Dispatch problem. HPSO-MVO
comprises of best characteristic of both Particle Swarm Optimiza-
tion [12] and Multi Verse Optimizer [13] algorithm. The
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capabilities of HPSO-MVO are finding the near global solution, fast
convergence rate due to use of roulette wheel selection, can handle
continuous and discrete optimization problems.

In this work, the HPSO-MVO is implemented to unconstraint
bench mark function and standard IEEE-30 bus test system [14]
to solve the ORPD [15–20] problem. There are five objective cases
considered in this paper that has to be optimize using HPSO-MVO
technique are Fuel Cost Reduction, Voltage Stability Improvement,
Voltage Deviation Minimization, Active Power Loss Minimization
and Reactive Power Loss Minimization. The result shows the opti-
mal adjustments of control variables in accordance with their lim-
its. The results obtained using HPSO-MVO technique has been
compared with standard Particle Swarm Optimisation (PSO) and
Multi Verse Optimizer (MVO) techniques. The results show that
HPSO-MVO gives better optimization values as compared to other
methods which proves the effectiveness of the proposed algorithm.

The structure of the paper can be given as follow: – Section 1
consists of Introduction, Section 2 includes description of partici-
pated algorithms, Section 3 consists of competitive results analysis
of unconstraint test benchmark problem and ORPD problem finally
acknowledgement and conclusion based on results is drawn.

2. Standard PSO and standard MVO

2.1. Particle Swarm Optimization

The Particle Swarm Optimization algorithm (PSO) was discov-
ered by James Kennedy and Russell C. Eberhart in 1995 [12]. This
algorithm is inspired by simulation of social psychological expres-
sion of birds and fishes. PSO includes two terms Pbest and Gbest . Posi-
tion and velocity are updated over the course of iteration from
these mathematical equations:

v tþ1
ij ¼ wv t

ij þ c1R1ðPbestt � XtÞ þ c2R2ðGbestt � XtÞ ð1Þ

Xtþ1 ¼ Xt þ v tþ1ði ¼ 1;2 . . .NPÞ And ðj ¼ 1;2 . . .NGÞ ð2Þ
where

w ¼ wmax � ðwmax �wminÞ � iteration
maxiteration

; ð3Þ

wmax = 0.4 and wmin = 0.9.v t
ij, v tþ1

ij Is the velocity of jth member of ith
particle at iteration number (t) and (t + 1). (Usually C1 = C2 = 2), r1
and r2 Random number (0, 1).

2.2. Multi-verse optimizer

Three notions such as black hole, white hole and wormhole
shown in Fig. 1 are the main motivation of the MVO algorithm.
These three notions are formulated in mathematical models to
evaluate exploitation, exploration and local search, respectively.
The white hole assumed to be the main part to produce universe.
Black holes are attracting all due to its tremendous force of gravi-
tation. The wormholes behave as time/space travel channels in
which objects can moves rapidly in universe. Main steps uses to
the universes of MVO [13]:

I. If the inflation rate is greater, the possibility of presence of
white hole is greater.

II. If the inflation rate is greater, the possibility of presence of
black hole is lower.

III. Universes having greater inflation rate are send the sub-
stances through white holes.

IV. Universes having lesser inflation rate are accepting more
substances through black holes.

The substances/objects in every universe can create random
movement in the direction of the fittest universe through worm
holes irrespective to the inflation rate. The objects are move from
a universe having higher inflation rate to a universe having lesser
inflation rate. It can assure the enhancement of the average infla-
tion rates of the entire cosmoses with the iterations. In each itera-
tion, the universes are sorted according to their inflation rates and
select one from them using the roulette wheel as a white hole. The
subsequent stages are used for this procedure. Assume that

U ¼

x11 x21 � � xd1
x12 x22 � � xd2
� � � � �
� � � � �
x1n x2n : : xdn

2
6666664

3
7777775

ð4Þ

Where, d shows the No. of variables and n shows the No. of candi-
date solutions:

x j
i ¼

x j
k; r1 < NIðUiÞ
x j
i ; r1 P NIðUiÞ

(
ð5Þ

where, x j
i shows the jth variable of ith universe, Ui indicates the ith

universe, NI(Ui) is normalized inflation rate of the ith universe, r1 is

a random No. from [0,1], and x j
k shows the jth variable of kth uni-

verse chosen through a roulette wheel. To deliver variations for
all universe and more possibility of increasing the inflation rate
by worm holes, suppose that worm hole channels are recognized
among a universe and the fittest universe created until now. This
mechanism is formulated as:

xj
i ¼

XjþTDR�ððubj� lbjÞ� r4þ lbjÞ;r3<0:5
Xj�TDR�ððubj� lbjÞ� r4þ lbjÞ;r3P0:5

�
;r2<WEP

xj
i ;r2PWEP

8><
>: ð6Þ

where Xj shows jth variable of fittest universe created until now, lbj
indicates the min limit of jth parameter, ubj indicates max limit of

jth parameter, x j
i shows the jth parameter of ith universe, and r2,

r3, r4 are random numbers from [0, 1]. It can be concluded by the
formulation that wormhole existence probability (WEP) and travel-
ling distance rate (TDR) are the chief coefficients. The formula for
these coefficients are given by:

WEP ¼ minþ l� max�min
L

� �
ð7Þ

Where, l shows the present run, and L represent maximum run
number/iteration.

TDR ¼ 1� l1=p

L1=p
ð8Þ

Where, p states the accuracy of exploitation with the iterations. If
the p is greater, the exploitation is faster and more precise. The
complexity of the MVO algorithms based on the No. of iterations,
No. of universes, roulette wheel mechanism, and universe arranging
mechanism. The overall computational complexity is as follows:

OðMVOÞ ¼ OðlðOðQuicksortÞ þ n� d� ðOðroulette wheelÞÞÞÞ ð9Þ

OðMVOÞ ¼ Oðlðn2 þ n� d� lognÞÞ ð10Þ

Where, n shows No. of universes, l shows the maximum No. of run/
iterations, and d shows the No. of substances.
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