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ABSTRACT

There are various optimization algorithms have been developed inspired by Swarm Intelligence. SI algorithms applied to
all areas almost including engineering discipline. The SI based algorithms have advantages over traditional optimization algorithm
that is nature inspired. It is a global heuristic method for optimization firstly introduced by James Kennedy and Eberhart in 1995.
PSO has attracted many researchers due to its easiness which led to many modifications and improvements of the basic PSO. This
paper introduced well about Swarm intelligence and a particle swarm optimization algorithm which is worldwide used in most all
arena of current scenario of research and this optimization algorithm solves various kinds of optimization problems by a broad
description of the algorithm and various variants that have been developed so far using PSO.
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Swarm Intelligence has involvement in many
researches in various fields. Bonabeau et al. (1999) defined
SI as “The emanating collective intelligence of groups of
similar agents”. Swarm intelligence is the discipline which
resembles the natural phenomena where individuals work
collaboratively to accomplish certain task. A normal swarm
intelligence system is consisting of many individuals;
individuals may be identical or belongs to different group.
One of the major characteristic of swarm intelligence is
fault tolerance because of self-organized nature Keller, E.
F. (2009). The SI system is composed of many individuals
in a natural phenomenon and none of the individual has
charge to control over all the system. If an individual fails
then charge transfer to another individual. It is based on
decentralized control and  self-organization.  Self-
organization, in this kind of phenomena is due to the local
interactions of the individuals with each other and with
their environment. Examples of such natural phenomena are
herds of land animals, colonies of ants, flocks of bird
termites; fish schooling etc. They also stated that self-
organization relies on four fundamental properties of
multiple interactions, fluctuations, positive feedback, and
negative feedback. Multiple interactions occur when the
swarm particles share information among themselves within
the search space. Fluctuations are useful for randomness of
the swarm agents. Positive and negative feedbacks are
useful for gaining and stabilization respectively. The second
property of SI states the division of work which is defined
as the concurrent performance of tasks by agents. This
division mechanism allows the swarm to solve complex
problems that require individuals to work as team.
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General Swarm Principles

The self-organizing processes in SI emerge a wide
variety of collective behaviors that are intended to solve a
given optimization problem. (Eberhart, R., & Kennedy,
J.1995) and Garnier, S. et al. (2007) describe various
important principles in Swarm intelligence.

Coordination

The each and every swarm should be capable of
giving information to other in the groups about the
surroundings. They should communicate to each other. This
function extends to particular spatio-temporal distributions
of individuals, to reach a defined goal.

Cooperation

Cooperation is very general an important task to
achieve a goal. It happens when group achieve together a
task that could not be done by a individual. The individuals
must combine their efforts in order to successfully solve a
problem that goes beyond their individual abilities.

Principle of Diverse Response

Resources should not be concentrated in a narrow
region. The distribution should be designed so that each
agent will be maximally protected facing environmental
fluctuations.

Principle of Stability

The population should not change its mode of
behavior every time the environment changes.
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Principle of Adaptability

The swarm is sensitive to the changes in the
environment that result in different swarm behavior.

Major Swarm intelligence Algorithms

Table 1: Important SI Algorithms

Algoritms Author Year
Ant Col
n. C.O OTlY Dorigo,M,et al. 1991
Optimization
Particle swarm Eberhart& Kennedy
S 1995
optimization (1995)
Be.e c'olo'ny Dervis Karaboga (2005) | 2005
optimization
Intelligent water Shah-Hosseini 2007
drops
Firefly algorithms | Xin-She Yang (2008) 2008
Xin-she Yang and
Cuckoo search Suash Deb 2009
Bat algorithm Xin-She Yang 2010

The market of Swarm intelligence is increasing
day by day and it is asked to reach 92.37 million by 2024
from 5.83 million in 2017 a report provided by CAGR2.
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Figure 1: Swarm intelligence Market
(https://www.maximizemarketresearch.com/market-
report/global-swarm-intelligence-market/7222/)

PARTICLE
ALGORITHM

SWARM OPTIMIZATION

Evolutionary computation (EC) algorithms are
well being used due their global search ability to solve the
problem. According to Kennedy, J., & Eberhart, R. (1995)
and Shi, Y., & Eberhart, R. (1998), Particle swarm
optimization (PSO) is a comparatively recent EC technique,
which is less expensive computationally than other existing
EC algorithms as GA.PSO was first proposed by (Eberhart,
R., & Kennedy, J. 1995) they simulated the swarming
behavior or social behavior of individuals like flock of
birds, ant, bee, insect and fish schooling for their simulation
and came to the conclusion that this behavior can be used
for the problems of optimization and results can be more
optimized. The individual elements are called as an agents
or particles in the whole search space. A swarm can be a
group of same type of agents. They execute the primary
task and communicate locally among the group in their
search space. There is no centralized control of the agents.
Every agent can be treated as equal priority.

The position of a particle i, in the search space is
normally represented by a vector X; . Each particle of the
swarm is also associated with particle velocity V; which is
needed to update in each iteration of the algorithm.The
movement of the particles in the search space is governed
by two vectors- personal based solution (Pys) and global
best solution (gps¢). Post and ps; are calculated by using an
objective function f(x). The position vector X; is updated
based on above two vectors Ppsr and gpe so the basic
entities that we need to maintain for PSO algorithm are
listed below

e Position vector of the particle X;

e  Velocity vector of the particle V;

e  Particle personal based solution vector Py
e  Global based solution vector gy

e  An objective functionf(x).

The updating of position of the particles happens
based on the following two basic equations

Vi=x [Vi + C1 €5 st —Xi) + C2 €, (Post —
) IR )
A A N 2)
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Where y is called the constriction factor and y <
1 . This is basically acted like friction slowing the particles
so that linear exploration is auctioned.

C4, C, : control the relative attraction to the global best and
personal best found solutions

€1, €, : Vector of random variables drawn with uniform
probability from [0, 1].

FOR EACH particles i
Randomly initialize v;,x; =p_i
Evaluate f(Ppst)
Gpse= avg max{f (Ppst)}
REPEAT

FOR EACH PARTICLE i

Update particle position
X; according to equation 1 and
2

Evaluate f(¥%;)

Update
best

personal

IF f(%) > f(Bpst) then
ﬁbst: J_C)i

//update
best

global

IF f(%;) > f(gpst) then

gpst = avg max
{f(ﬁbst}
Until termination criteria
reached

PSO PARAMETERS

Swarm Size

The Swarm size is the number of particles present
in the swarm. As large number of particles can work a large
level of a search space; therefore it required less iteration so
as to achieve the optimal solution of a given problem. In
contrast a tremendous swarm size rushes the complexity
that being computational and time complexity.

Iteration Number

Number of iterations is a basic problem in swarm
size. A poor number of iterations can end the program
whereas large number of iterations can generates a
redundant computational data and time complexity which
is not create optimal results.

Velocity Component

The velocity updation factor as in equation (1) has
three terms. The first term is the leading velocity vectors
i.e. the present direction & the magnitude of the particle’s
velocity. It is centered on the memory of an agent in
agreement with its proficiency. The natural component of
PSO is that a particle wants to reappear to its original
position, to get local best position. The later component is
the social component. This is the knowledge to an
individual particle by societal communication among
particles, which constantly encourages the particle to travel
in the direction of the global best position, knowledgeable
by its locality.

Acceleration Coefficients

The variables C; and C, are known as acceleration
coefficients, that try to generate an equilibrium between the
cognitive component of a particle and social component of
the velocity.

e If C; =C, =0 in equation 1 then equation 1 will be
V;=V; which says that all the particles retain to oscillate
with their initial velocity but there is no search
condition.

e IfC; = C,, then all particles will travel towards average
Zhst and Py values.

Indian J.Sci.Res. 18 (2): 288-294, 2019



KUMAR AND PATHAK: A COMPREHENSIVE REVIEW ON SWARM INTELLIGENCE & PARTICLE SWARM....

ELEMENTS USED IN PSO

These are the basic element that we used in PSO
algorithm and it is very important to understand these
terms.

e Particle We can define the particle as P, € [a,b]
where i = 1,2,3,4,5, ............ D and a,b € R where R
is real numbers and D is dimension.

e Velocity Update Velocity vector is used to determine
the direction and speed of a particle. Velocity of a
particle can be is updated by the equation (1).

e Fitness Function Fitness Function is the function used
to find the optimal solution. Normally it is an objective
function defined by researcher according to the
research problem.

e Global Best It is the position of a particle achieved
among all the particles visited in the search space.

e Local Best It is the best position of a particle among its
all positions in a search space.

e Position Update All the particles try to move toward
the best position g to get optimal value. Each particle
in a search space updates their positions to find the
global optimal value and this value Position is updated
by equation (2).

FLOW CHART OF PSO ALGORITHM
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Figure 2: Flow Chart of PSO Algorithm

Table 2: Important websites of PSO

Name of the | URL
websites
Particle http://www.scholarpedia.org/articl
swarm e/Particle swarm optimization
optimization
Particle http://www.swarmintelligence.org/
swarm
optimization
Particle http://www.particleswarm.info/
swarm
central
PSO http://www.projectcomputing.com
visualization | /resources/psovis/
PSO toolbox | http://psotoolbox.sourceforge.net/
Particle http://atoms.scilab.org/toolboxes/P
swarm SO
optimization
toolbox

APPLICATIONS OF PSO

There is huge number of paper available for
application of PSO. We study some papers.

Abido, M. A. (2002) and Liang, R. H et al. (2011)
applied PSO algorithm for Optimal power flow, Salomon,
C. Petal. (2010) & Acharjee, P., & Goswami, S. K. (2009)
uses for load flow, and Gaing, Z. L. (2004) uses for the
designing of PID controller in Automatic voltage Regulator
(AVR) system and Yapici, H., & Cetinkaya, N. (2017) for
improvement in power loss in electrical power system.
Nimtawat , A & Nanakorn, P. (2011) given a PSO
algorithm for beam-slab designs for civil area for
rectangular floor. Suresh A et al. (2015) applied PSO to
predict how long a patient stay in the hospital and stated
that PSO is to be better that other prediction. PSO also has
been used for Job scheduling by a company Li, J. Q., et al.
(2010), Wen, Pet al. (2016) uses PSO for Elevator door
system. Wu et al. (2016) proposed many applications of
PSO in the sector of Railway for their control mechanism,
scheduling, and route layout planning. In scheduling used
PSO method to find the optimal schedules. Rashidi al, et al.
(2008) indicated the application of PSO to solve various
optimization problems in the field of power systems for
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electrical. Jain N.K et al. (2016) uses PSO to multi-
objective economic load dispatch problem.

VARIANTS OF PSO

The PSO method is mathematically tested so many
researchers are trying to improve the PSO with its
parameters. Therefore, PSO has many variants with many
parameters such as Inertia weight, initialization and lots of
other techniques available. The details of some PSO
variants are given below.

J.Kennedy & Eberhart (1997) developed the first
discrete version of PSO and M.Clerc (2004) got good
results on different variants of the PSO especially for TSP.
Al-Kazemi et al. (2000) also used same method as M.Clerc
(2004) and named as multi-phase discrete PSO. Bergh F, et
al. (2001) proposed a cooperative edition of PSO model
where each and every component of the solution vector is
individually optimized by a low dimensional PSO.
However, individual tuning gets individual problem
parameters that not always successful, particularly when
parameters are trying to sum up. So, Van den Bergh and
Engelbrecht also developed a hybrid PSO that reduces the
size of swarm efficiently, and required less computation
time as well as convergence maintenance.

M. Lavbjerg et al. (2001) uses velocity vector and
position vector rule and combined with the ideas to
generate sub populations, concluded that PSO have the
potential to accomplish fast convergence and find better
solution.

Van den Bergh, F & Engelbrecht A. P.(2002)
introduced a new variants called guaranteed convergence
PSO (GCPSO) in which particles execute search randomly
around Global Xy in space defined by a scaling factor.
The algorithm performs better than original PSO model in a
uni-modal while gives same results in multimodal .The
scaling factor requires prior knowledge and to be optimally
set.

Andrew Lim, et al. (2003) combined hill climbing
method with PSO with to solve the Bandwidth
minimization problem in network. Because the adaptive
search heuristics algorithms are problem specific.

There are various modifications have done in the
original algorithm, M.Benedetti et al. (2008) enhance
memory in radio communication. There are many variants

like: comprehensive learning particle swarm optimizer
(CLPSO) by Liang, J. J et al. (2006), self-learning particle
swarm optimizer (SLPSO) by Li, Changhe (2011) and
Orthogonal learning particle swarm optimization (OLPSO)
by Zhan, Z. et al. (2010) which do not need any parameter
for tuning. These algorithms have a structure that is totally
different from the PSO but based on PSO.

Jabeen H, et al. (2009) proposed an opposition
based PSO method, claimed that by the social development,
a person is bad then his adversary is good. They generate
two population one is good and other is bad after calculate
the fitness. One of them is selected to run PSO.

Zhao., Y et al. (2009) stated that PSO get faster
and good quality solutions due to clustering of the particles
in a small region in the search space.

The quality of PSO has been improved so far as
well as the robustness. PSO widely used as a global optimal
algorithm.

CONCLUSION

PSO has implemented by many researchers
mathematical in every branch but, for application, only a
few researchers have used PSO to develop an application.
In a survey it is found that SI reaches 92.37 million by 2024
from 5.83 million in 2017.This review paper intends to
describe basic of Swarm intelligence technique and
Particle Swarm Optimization algorithm, applications and
their various variants developed.
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