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Original scientific paper
Economic Load Dispatch problem has been previously solved successfully with swarm techniques. However, power systems with complex behaviours
still await a robust algorithm to be developed for their optimization more precisely. Economic Dispatch problem with constraints such as generator limits,
total power demand, ramp rate limits and prohibited operating zones, makes the problem more complicated to solve even for global techniques. To
overcome these complications, a new algorithm is proposed called Hybrid Particle Multi-Swarm Optimization (HPMSO). The proposed algorithm has a
property of deep search with quite fast response. Convex and Non-convex cost functions along with equality and inequality constraints have been used to
evaluate performance of proposed approach. Moreover, Dynamic Economic Dispatch cases have also been included in statistical studies to test the
proposed approach even in real time. Different case studies have been accomplished using standard test systems of Static and Dynamic Economic
Dispatch. Comparison of proposed approach and previous techniques show that the proposed algorithm has a better performance.
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Rjesavanje konveksnih i ne-konveksnih statickih i dinamickih problema ekonomiéne otpreme primjenom vise rojne
optimizacije

Izvorni znastveni Clanak
Problem ekonomicne otpreme opterecenja ranije se uspjesno rjeSavalo tehnikama rojeva. Medutim, elektroenergetski sustavi slozenog ponasanja jo$
uvijek cekaju razvoj robustnog algoritma za njihovu precizniju optimizaciju. Problem ekonomi¢ne otpreme uz ogranicenja kao Sto su ogranicenja
generiranja, ukupna potraznja energije, ogranienja brzine pristupa i zabranjene operativne zone, ¢ini problem sloZenijim za rjeSavanje ¢ak i globalnim
tehnikama. Za prevladavanje tih komplikacija, predlaze se novi algoritam pod nazivom Hybrid Particle Multi-Swarm Optimization (HPMSO). Predlozeni
algoritam ima svojstvo dubokog pretrazivanja s priliéno brzim odzivom. Vrednovanje ucinkovitosti predlozenog pristupa ispitivalo se konveksnim i ne-
konveksnim funkcijama troskova uz ograniGenja jednakosti i nejednakosti. Stovise, slu¢ajevi dinamicke ekonomiéne otpreme takoder su bili uklju¢eni u
statisticka istrazivanja za testiranje predlozenog pristupa ¢ak i u stvarnom vremenu. Razli¢ite studije slucaja provedene su koristenjem standardnih sustava
za ispitivanje staticke i dinamicke otpreme. Usporedba predlozenog pristupa i prethodnih tehnika pokazala je da se predlozenim algoritmom postizu bolji

rezultati.

Kljucne rijeci: ekonomicna otprema; Hybrid Multi-Particle Swarm Optimization; konveksni i ne-konveksni problemi; valve-point ucinci

1 Introduction

Economic Load Dispatch (ELD) problem is a
classical form of optimization problems and has been one
of the most important decision-making processes in the
operation of electrical power systems. The total system-
wide generation cost is generally defined as the objective
function of ELD problem. The equality and inequality
power system constraints are embedded in ELD
formulation, such as power balance and generation limits
of each generating unit’s output capacity. ELD problem
has been thought of as a mathematically complex and
highly nonlinear optimization problem, especially in
larger systems. For many decades, many algorithms have
been presented to solve the optimization problem of ELD.
First, conventional deterministic approaches which resort
to mathematical gradient information have been
developed to obtain the minimum cost of ELD problem.
To overcome the limitations of those deterministic
algorithms in real system applications which are basically
associated with the simplification of mathematical
formulation, a variety of evolutionary frameworks that
employ meta-heuristic computational intelligence have
explored their capabilities to search optimal solution of
ELD problem.

Non-convexity in real generating systems is due to
valve point effects. Moreover, generating system’s
constraints such as prohibited operating zones and ramp

rate limits increases the complexity of the ELD problems.
In previous years, as an alternative to the conventional
mathematical approaches, different heuristic methods
have been implemented on ELD problem such as
Differential Evolution [1], Evolutionary Programming
[2], Genetic Algorithm [3, 4], Firefly Algorithm [5, 6],
Harmony Search Algorithm [6, 7], Artificial Bee Colony
[8], Bacterial Foraging Optimization [5, 9, 10], Simulated
Annealing [6, 11] and Particle Swarm Optimization [8,
11-13] etc.

Rania in [4], has compared Particle Swarm
Optimization (PSO) with Genetic Algorithm (GA). Both
PSO and GA are tested on different benchmark test
problems and space system design problems to show their
effectiveness. Results show that PSO has greater
computational efficiency than GA. In [14], Jinho
proposed a memetic algorithm scheme in which he
combined meta-heuristic algorithm and gradient based
technique in order to find better solutions of Economic
Dispatch (ED) problem involving valve point loading
effect. The strengths of meta-heuristic algorithms in
global optimization and gradient based methods in local
optimization have been combined. Results are evident that
this hybrid technique outperforms any other single
approach in literature.

Karthikeyan [11] has proposed hybridize model of
PSO with Simulated Annealing (SA) to solve economic
dispatch problem. Updating the velocity of PSO and SA
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operator judgment are two major parameters of this
hybrid algorithm. Results have been improved using this
hybrid algorithm. Manoharan in [2], has proposed
Evolutionary = Programming with Leven-Marquardt
optimization for solving multi area economic dispatch
with multiple fuel options. Further, he has used test
systems with multi-area and mutli-fuel options.
Comparison of this proposed algorithm has been
accomplished  with  Incremental Network Flow
Programming and Spatial Dynamic Programming.
Evaluation of algorithm has shown more optimal results
than others in literature.

Augmented Langrangian Particle Swarm
Optimization (ALPSO) has been proposed by Vinod in
[13]. This algorithm has been tested on 3 units test system
with different loads. Results have shown the proficiency
of ALPSO over other algorithms. In [15], Kim has
proposed Improved Mean Variance optimization with
Kuhn-Tucker conditions and swap process (KMVO), for
solving ED problems with valve point loading effects.
Different non-convex ED problems have been tested on
this algorithm such as with prohibited operating zones,
multi-fuels options and transmission network losses.

Combined Economic and Emission Dispatch (CEED)
problem has been solved using hybrid algorithm by
Manteaw [8]. Hybrid algorithm includes Artificial Bee
Colony (ABC) and PSO whose results are compared with
previous algorithm in literature. CEED solution has been
provided using Gravitational Search Algorithm (GSA) by
Giiveng [16]. This algorithm has been applied on bi-
objective function to minimize economic and emission
dispatch. Robustness and effectiveness of the proposed
approach has been validated by applying it on different
test systems.

Ashfaq in [17], has proposed a linear programming
modified methodology for solving ELD problems.
Comparison with other techniques in literature has shown
proficiency of this algorithm. Lee has proposed an
improved GA called Quantum Genetic Algorithm (QGA)
in [3], for solving economic dispatch algorithm with tie
line constraints and has also included the case of wind
power generation. After comparing it with previous
techniques, it has been proved to be the best among those
algorithms.

Seeker Optimization Algorithm (SOA) has been
proposed by Shaw in [18], for solving ED problems. SOA
was inspired from human search capabilities. This
algorithm has outperformed other techniques in literature,
for solving non-convex constrained ED problems. Bisen
in [19], has provided a comparative exploration of
Quadratic Programming (QP) and General Algebraic
Modelling System (GAMS) for solving ED problems.
Robustness of proposed algorithm has been supported by
experimental results of different test systems.

All these latest techniques performed well in
optimizing ED problems but the proposed technique is
aimed to outclass these techniques and can be used for
more optimal generation of thermal units in power
systems. The proposed hybrid technique has been
prepared by Wang [20] for solving multi-modal complex
optimization problems with constraints. In this paper, this
technique has been utilized for solving complex ED
problems with constraints.

This paper is organized as follows. Section 2 includes
ED problem formulation with its constraints. Section 3
includes overview of PSO and Differential Algorithm
(DE). Section 4 contains working philosophy of proposed
hybrid technique. Section 5 includes results and
discussion. Section 6 includes the conclusion of this
research.

2 Problem formulation
2.1 Economic Dispatch with and without valve point
loading

Economic dispatch problem can be subdivided into
two categories on the basis of fuel cost function. One is
called Convex problem while the other is called Non-
Convex problem. In Convex problem, no valve point
effects are considered and fuel cost function is quadratic
function of generator coefficients as given in equation:

FC:ZaiPiZJrﬂiPiJr;/i (D

However, due to steam valve openings, non-
convexity appears in fuel cost function which is modelled
in equation as given below:
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Furthermore, it is required to maintain power
generation and demand at the same level. For this the
following equality constraints must be satisfied.
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2.2 Static and Dynamic Economic Dispatch

In Static Economic Dispatch (SED), data of convex
or non-convex test system for only particular hour has
been taken. Therefore, this type of case study reveals
results for particular demand for particular time. So, data
of generator coefficients, transmission line coefficients,
and total demand is required for evaluation of particular
method for test systems.

In Dynamic Economic Dispatch (SED), data of
convex or non-convex test systems are to be considered
for 24 hours demand of systems. Therefore, data of
generator coefficients, transmission line coefficients, total
demand, ramp rate limits and prohibited operating zones,
is required for systems statistical evaluation for particular
technique.

Ramp rate limits are due to operational range of
generator when load is increased or decreased. There
operational possibilities are represented by inequalities
constraints in Dynamic ED problem as given below:
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P.-P’<UR, (6)

1

where UR, represents upper ramp rate limit of generators
when generation has to be increased due to increase in

load and PI-O is previous generation of each generator.

P’-P>DR, (7)

1 1 1

where DR, represents down ramp rate limit of generators
when generation has to be decreased due to decrease in
load and EO is previous generation of each generator.

Generalized expression for upper and down ramp rate
limits for all generating units while not exceeding upper
and lower limits of generator capacity limits, is given as:

max(P™", P, - DR;) < P,, <min(B"™™, P, + UR,),
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0. . . J
where B, is previous hour generation of the i™ generator

and F,,is present hour generation of the i™ generator.

There can be one or more operating zones of
generator where steam valves and auxiliary equipment
generate vibrations, causing unstable and unreliable
operation. These generation zones of generator are called
Prohibited operating zones. These zones can be
represented by inequality constraints of generating units
as given below:

D

1

> €)
U max
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All above mentioned constraints make DED problem
more complex and difficult to optimize. In this paper,
such problems are solved to evaluate performance of
proposed algorithm.

3 Overview of PSO and DE
3.1 Particle Swarm Optimization

Particle Swarm Optimization is a global optimization
algorithm which uses stochastic and population-based
search approach for finding solution. In 1995, James
Kennedy and Russel C. Eberhart [21] have described PSO
algorithm. This algorithm is inspired by movements of
flock of birds. Each bird is called a particle which is
considered as potential solution. A certain problem called
fitness function, is given to evaluate its solution. Main
strength of PSO lies in communication network created
between particles which share information of their region
to find optimal solution. Each particle keeps track of its
previous points through which it has passed. Furthermore,
particle best of each particle is stored to avoid non-
optimal points.

Each particle has three N-dimensional vectors
included which will be updated every time with position
of particle. Here, N is dimension of search space while

current position (x;), previous best solution (p;), and
velocity of particle (v;) are three vectors evaluated for
each particle.

At the /" generation, current position and velocity of

the ith  particle can  be  represented as

k _ k k k t t t t
i _(xi,l’xi,Z""’xi,n) and Vv, _(vi,lﬂvi,l"”’vi,n)

respectively. However, best local position of each particle

(pbest) and global best position of the whole swarm
(gbest) can be represented as

pbest] = ( pbest;,, pbest;, ,---, pbest], ) and

gbest' = (gbestf,gbesté,---,gbestfl) respectively.

In every generation, these vectors are updated by
equations given below:

V= WV;,_/ + kr; (pbestit — xl.t’j ) + kr, (gbest;. - xf)j ) (10)

iL,J

1
Xij =

X+ (11)
where w represents weight for avoiding divergence, j is
representing  n-dimensional  vector, &  represents
acceleration coefficient and »; and r, are random numbers
in range [0,1].

Wang in [20], has replaced velocity Eq. (10) with Eq.
(12) because randomness in certain limit increases
convergence of PSO. Equation is given below:

vf,j = |rand1 | (pbest;’j - xf,j ) + |Rand2 | (gbest;- - xf,j ) (12)

where r and; and r and, are positive random numbers.
3.2 Differential Evolution

Differential evolution is a population based stochastic
evolutionary algorithm for global optimization. DE
attractiveness lies in its simplicity and powerful features
for numerical optimization. DE uses perturbing vectors as
in Nelder Mead operators which makes it different from
genetic algorithm. DE was proposed by Storn and Price
[22] in 1995. There are three basic operators of DE which
are crossover, selection and mutation.

DE initializes a population consisting of Nn-
dimensional vectors as given below:

-t
5=y by i=1200N (13)

in
-t

where ¢ denotes generation of population and ¥/ is the
target vector. Each of N vectors undergoes three (3)
different operations such as mutation, crossover and
selection. There are different versions of DE but
"DE/rand/1/bin" is considered the best of all versions.

In mutation operation, vectors are randomly selected

. . -t =t
for mutation. At the /" generation, three vectors xy,xr,

-t
and x, are mutated to form a mutant vector

-t

. = [ t t . . .
Vi = {Vi,l Visees ’Vi,n} by using the following equations:

Tehnicki viesnik 24, 4(2017), 1095-1102

1097



Solving convex and non-convex static and dynamic economic dispatch problems using hybrid particle multi-swarm optimization

A. Nawaz et al.

-t -t -t a4
Vi = Xp +F(xr2 —Xr3) (14)

where F is a weighted difference function of two vectors.
. -t .
In crossover operation, crossover vector ;; is formed
by using binomial crossover operation on elements of

—t —f .
target vector y; and mutant vector v, as given below:

t . L
, Vij» ifrand; <C, orj=j .4

Ui ;= (15)

x; ;»  otherwise,
where i=1,2,...,N,j=12,...,n, jime and rand; are
randomly chosen integers within range [1,n] and the ;®
evaluation of uniform random generator and C, €(0,1).

In selection procedure, objective function values of
crossover vector 5 and target vector y. are compared and

optimal value is selected to be included in next
generation.

o _ Ju iff(ui) < f(xi), (16)

—~t .
xi, otherwise,

The process of mutation, crossover and selection
continues until some stop criteria is reached. Furthermore,
scaling factor F, population size N and crossover constant

C, are three parameters used to control convergence of
DE.

4  Hybrid Technique HPMSO-DE

This paper proposes a new hybrid technique called
Hybrid Particle Multi-Swarm Optimization (HPMSO) for
solving economic dispatch problem. In this hybrid
technique, modified version of PSO is used along with
differential evolution. The strategy of this hybrid
approach lies in using multiple swarms to search for
optimal solution. Two types of swarms have been taken
into account; one is main swarm while the other is sub-
swarm. Multiple Sub-swarm is produced by taking
population of neighbours. Each sub-swarm has its local
best and each particle has its personal best. Therefore,
equations 11 and 12 can be written as:

vi’,j = |randl|(pbestf’j - xf’j ) +|Rand2|<lbest} - xi’,j) (17)

X =x 4y (18)
where /best is local best of each sub-swarm.

In each generation of HPMSO, different procedures
take place such as splitting of main swarm, evolution of
sub-swarm and selection of personal best using DE.

Figure 1 shows general framework of HPMSO
algorithm. Random swarm is initialized of N particles and
generation cost f and constraint violation G is calculated.
Furthermore, swarm is partitioned and local bests in sub-
swarms and personal bests of each particle are updated till
termination criteria.

Algorithm: general framework of HPMSO

Step1 =0,

Step 2 Initially generate random swarm S, of N particles each having generator values, i.e, Plt,...,PIf,

-t ind
Step 3 For each particle, calculate generation cost./ (xi) and total generation constraint violation G (xi)

: . . —t —t
Step 4 For each particle, record personal best generation cost i.e., pbest,,..., pbest,, .

Step 5 while (termination criteria=false) do

Step 6 split each swarm into sub-swarms and use Eqs. (17) and (18) for evolution of sub-swarms
Step 7 replace/update personal best (best generation cost) of each particle by new particles with optimal solutions using

DE
Step 8 r=t+1;
Step 9 end while

Figure 1 General framework of HPMSO

Fig. 2 shows pseudo code for partitioning of swarm
and evolution of sub-swarm. This algorithm initializes
swarm and sorts the swarm according to generation cost
of feasible solutions. Moreover, swarm is partitioned into
sub-swarms. Local best of each sub-swarm and personal
best of each particle is updated. First particle of each sub-
swarm is selected as local best particle of sub-swarm. If
other particles of sub-swarm are very close to local best,
learning will not improve results significantly.

Further, all sub-swarms are evolved using Eqs. (17)
and (18). All sub-swarms are built-up in different regions
of search space and local best is the best particle of each
sub-swarm, so every particle must follow trajectory
towards local best. In this way, multiple local optima can
be explored to develop diversity in swarm which will
have a significant effect on finding global optima.

In the course of finding global optima, variable value

1 . . . .
sz/ can violate boundary constraints. To satisfy this
constraint, the following equation will be used:

t : t
. 05(xf, +L;) if ;<L

Xij

19)
05(xf,+U,) if x{; > U, (

Fig. 3 shows the algorithm of updating personal best
on the basis of generation cost and least constraint
violation by Differential Evolution algorithm. DE is used
for improving global search capability of multi-swarm.
DE is applied to improve personal best Pbest; of each

particle. DE has used mutation operator to explore
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different regions of search space where swarm has not L if ( pgo.S)A(u? ; <L.)
reach in evolution process. So, local best can be moved to ! b
such potential regions of search space where chance of .Y if (PSO-S)/\(“;,_,- >U; (20)
. . . u ) =
global optima existence 1ncreasets. j 2Lyl i (p>05)n (ufj <1,
In DE, crossover vector ¥;; must satisfy boundary . .

. . . . 2U . —u; ;, if >0.5 >U

constraints. Therefore, the following equation is used to ju 10 (P ) A(u”f ” ’)

take care of boundary conditions:
where p is uniformly distributed number in range [0,1].

Algorithm for splitting of swarm and evolution of sub-swarm
Input Arguments: P = {T’l, ) ,E} ,P'= ¢, Pbest = {pbest1 ,--.» Phesty } ,Pbest' = ¢

Step 1 £=0;

Step 2 sorting of swarm i)feasible and infeasible solutions are separated ii) On the basis of generation cost values, feasible
solutions are sorted in ascending order iii) On the basis of degree of total generation constraint violation, infeasible
solutions are sorted in ascending order

Step 3 while A<(N/N;) do

Step 4 S—l =first particle in sub-swarm;

Step 5 find out (N,—1) particles with the largest Euclidean distance from §1 which are denoted as Sj,. . g

s

Step 6 let M| = {E, . ,S—NS} and personal bests of S are represented as Shest,,...,Shestns , let
M, = {Sbest1 ,...,Sbesth} ;
Step 7 P=P\M, and Pbest\ M ,;
Step 8 For each particle of set M, update position of ST and 171 as given below;
for j=1:n
Vi = |randl|(Sbesti’j =S ) + |rand2|(lbest,«’j =S ; );
S[’j = S[,j +V; 5
end for

Step 9 Calculate generation cost/ (Si) and total generation constraint violation G(E’) for i=1,2,..., N, . Compare E

and Wsti and if §l wins, then update Wsti .
Step 10 P' = P'U M, and Pbest' = Pbest' UM ,;
Step 11 k=k+1;

Step 12 end while
Step 13 P’ = P'U P and Pbest’ = Pbest' U Pbest;

Output: p' and Phest’

Figure 2 Algorithm for partitioning and evolution of sub-swarm

Algorithm: updating best personal best on the basis of best generation cost and least constraint violation by DE

Input: Pbest = {Pbest1 enes PbestN}

Step 1 for i=1:N
Step 2 select three numbers 7, 7, and r; randomly from range [1,N]

Step 3 ;; = Pbest,; + F (Pbestr2 - Pbestr3>

Step 4 for j=1:n

Step S v, ifrand; <C, orj = j,,g
eps U = ;
P> i x; ; otherwise

Step 6 end for
Step 7 Compare LT, and Pbest; based on constraint violation check, if #; wins, then update Pbest,

Step 8 end for
Output: Pbest

Figure 3 Algorithm for updating PSO particles using DE
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5 Experimental analysis
5.1 Test systems

An extensive empirical study has been performed
using different test systems for Static and Dynamic
Economic Dispatch problems. Furthermore, test systems
with and without valve point effects have been taken into
account.

SED problems without valve point effects are 3-
Machine Test System with No Losses (3-MTSNL), 6-
Machine Test System with Losses (6-MTSL) and 20-
Machine Test System with Losses (20-MTSL) while with
valve point effects are 3- Machine Test System with
Losses (3-MTSL), 13- Machine Test System with No
Losses (13-MTSNL) and 40- Machine Test System with
No Losses (40-MTSNL).

DED problems without valve point effects are 3-
Machine Test System with No Losses (3-MTSNL) while

with valve point effects are 5-Machine Test System with
Losses (5-MTSL).

All these case studies have been carried out on
platform of INTEL CORE i5, 2.50 GHz, 4 GB memory
while the proposed algorithm has been developed in
MATLAB 1201 1a.

5.2 Parameter setting

In our case studies, all experiments have been run
independently 50 times in MATLAB and each run is
terminated if termination criteria are met or maximum
number of generations has elapsed. Moreover, DE
parameters are set to F=0,7 and C,=1,0. Also tolerance
value for equality constraint € is set to 0,0001. However,
changing parameters with respect to different problems
are given in Tab. 1.

Table 1 Parameter setting for different test systems

. Changing Parameters
Type of test systems Different Test Systems Population size N Size of sub-swarm | Number of generations
. . 3-MTSNL 5 2 200
SED w1t}:;;16tc\t/:1ve point 6-MTSL 30 6 1000
20-MTSL 50 8 2000
3-MTSL 30 4 300
SED with valve point effects 13-MTSNL 50 6 2000
40-MTSNL 60 8 3000
DED without valve point 3-MTSNL 30 ] 100
effects
DED with valve point effects 5-MTSL 60 8 400

Table 2 SED using different techniques for various test systems

Power Generation cost ($)

Without Valve Point Effects

With Valve Point Effects

Methods

3-MTSNL

6-MTSL

20-MTSL

3-MTSL

13-MTSNL

40-MTSNL

LIM

8194,36

62456,64

MPSO

8194,36

8234,07

GA

8194,98

8237,60

1IEP

8194,36

8234,09

SWT - 18 721,39

IMPSO - 18 721,50

Hopfield - -

62 456,63 -

SA - -

- 17 994,10 -

PS - -

- 18 030,70 -

SQP - -

- 18 098,30 -

SA-SQP - R

- 17 989,00 -

PS-SQP - -

- 17 974,50

BFA - -

121 423,63

PSO - -

121 735,47

MHS - -

121 415,45

HBMO - -

121 412,57

MHBMO - -

121 412,57

MFA

121 414,91

HMPSO 8194,36 18 529,31

62452,19

8234,07 17 971,15 121 406,05

5.3 Experimental results of Static Economic Dispatch
(SED)

In SED, different case studies have been carried out
with and without valve point effects as given further.

5.3.1  Without Valve Point Effects

In the case of problems without valve point effects, 3,
6 and 20 Machine Test Systems are evaluated by the

proposed algorithm. For 3-MTSNL, data of generators’
coefficient are taken from [12]. Furthermore, optimal
solution of economic dispatch of proposed algorithm is
compared with other algorithms in literature such as
Lambda Iteration Method (LIM), Modified Particle
Swarm  Optimization (MPSO), GA, Improved
Evolutionary Algorithm (IEP)[12].

In case of 6-MTSL, fuel cost coefficients of
generating units and transmission line coefficients are
taken from [10, 23]. Fuel cost calculated using the
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proposed hybrid algorithm has been compared with
previous techniques such as Surrogate Worth Trade-off
(SWT) and Improved Particle Swarm Optimization
(IMPSO) [10, 23].

In 20-MTSL, data of generators’ coefficients and
transmission line coefficients have been taken from [6].
Proposed algorithm has been compared with LIM and
Hopfield method [6].

5.3.2  With Valve Point Effects

In case of problems with valve point effects, 3, 13
and 40-Machine Testing Systems are tested with the
proposed algorithm. In 3-MTSL, data of generator’s
coefficient and transmission line coefficients have been
taken from [12]. Comparison of the proposed approach
has been accomplished with previous techniques like GA,
MPSO and Improved Evolutionary Programming (IEP).

For 13-MTSNL, data of generators’ coefficients are
taken from [1, 6]. Proposed approach has been compared
with other techniques in literature [1, 6] like SA, Pattern
Search method (PS), Sequential Quadratic Programming
(SQP), SA-SQP and PS-SQP.

For 40-MTSNL, data of generator’s coefficients have
been taken from [14]. Furthermore, the proposed hybrid
algorithm has been compared with algorithms such as
PSO, Memetic Harmony Search algorithm (MHS), Honey
Bee Mating Optimization (HBMO), Memetic Honey Bee
Mating Optimization (MHBMO), and Memetic Firefly
Algorithm (MFA) given in [14].

All above discussed results are tabulated in Tab. 2.

5.4 Experimental Results of Dynamic Economic Dispatch
(DED)

DED is considered to be the most difficult problem to
optimize as it predicts generation of each generator with
lowest cost for next 24 hours. The following cases have
been considered in this study.

541  Without Valve Point Effects

In this case study, 3-MTS without transmission losses
have been considered. Data of generators’ coefficients
have been taken from [9]. Comparison of the proposed
hybrid approach has been done with previous algorithms
in literature [9] such as Bacterial Foraging Algorithm
(BFA) and Improved Bacterial Foraging Algorithm
(IBFA).

Table 3 Power generation cost or SED for different test systems

Power Generation cost ($)
Without Valve Point With Valve Point
Methods Effects Effects

3-MTSNL 5-MTSL

BFA 104 137,00 -

IBFA 103 701,00 -
PSO - 50 124,00
SA - 47 356,00
MSL - 49 216,80
HMPSO 98 656,01 47 163,40

5.4.2  With Valve Point Effects

In case study of 5-MTS with transmission losses, data
of generators’ coefficients and transmission line
coefficients are taken from [9]. Proposed hybrid algorithm
has been compared with PSO, SA, Maclaurin series based
Lagrangian method (MSL) from literature [9].

Results show the proficiency of proposed hybrid
algorithm as compared to other algorithms as shown in
Tab. 3.

6 Conclusion

This paper has proposed a hybrid approach called
Hybrid Particle Multi-Swarm Optimization (HPMSO) for
solving convex and non-convex ED problems. PSO with
multi-swarm search capability and DE for deep search in
each swarm for the best particle, make this algorithm
robust and unique in its working. Furthermore, both SED
and DED cases have been solved with the proposed
algorithm. HPMSO is capable of handling constraints and
complex optimization problems. Experimental results of
different test systems prove effectiveness of the proposed
algorithm as compared to other techniques in literature. In
the future, this algorithm can be further applied to other
optimization problems to validate its efficiency.
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