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Abstract: The Economic power dispatch problem is one of the most important problems to be solved in the operations of
power system. It is basically a non-linear optimization problem having linear and non-linear equality and inequality
constraints. This is a real time problem for properly allocating the real power output among the committed generators such
that fuel cost is minimized while the demand requirement is met and the constraints imposed are satisfied. This paper presents
a seeker optimisation algorithm (SOA) for the solution of the constrained economic load dispatch (ELD) problems in
different power systems considering various non-linear characteristics of generators. In the SOA, the act of human searching
capability and understanding are exploited for the purpose of optimisation. In this algorithm, the search direction is based on
empirical gradient by evaluating the response to the position changes and the step length is based on uncertainty reasoning
by using a simple fuzzy rule. ELD is solved for two typical test cases of 20 generator and 40-generator cases. A comparison of
simulation results reveals the optimisation efficacy of the SOA over the prevailing optimisation techniques for the solution of

ELD problems.

Keywords: Economic Load Dispatch, heuristic algorithm, power system, seeker optimisation algorithm

I INTRODUCTION

Today electrical power plays an exceedingly important role

in all walks of life of an individual as well as the community.
The Development of various sectors such as transportation,
industrial, agriculture, entertainment, information and
communication sectors etc. depends on electrical energy. In
fact, the modern economy is totally dependent on electricity
as a basic input. This in turn has led to the increase in the
number of power generating stations and their capacities and
the consequent increase in power transmission lines which
connect the generating stations to the load centers,
Interconnections between generating systems are also equally
important for reliable and supply quality of power system
which also provide flexibility in system operation.

Among different issues in power system operation
Economic load dispatch (ELD) problem constitute a major
part. Exhaustive literature survey is done for Economic load
dispatch (ELD). Economic load dispatch (ELD) problem
[1,2] is a constrained optimisation problem in power systems
that have the objective of dividing the total power demand
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among the online participating generators economically while

satisfying the various constraints.

Over the years, many efforts have been made to
solve the problem, incorporating different kinds of constraints
or multiple objectives, through various mathematical
programming and optimisation techniques. The conventional
methods [3] include lambda iteration method, base point and
participation factors method [4], gradient method [5] etc.
Among these methods, lambda iteration is a most common
one and, owing to its ease of implementation, has been
applied through various software packages to solve ELD
problems. But for effective implementation of this method,
the formulation needs to be continuous.

The basic ELD considers the power balance
constraint apart from the generating capacity limits.
However, a practical ELD must take ramp rate limits,
prohibited operating zones, valve point loading effects and
multi-fuel options into consideration to provide the
completeness for the ELD problem formulation [6]. The
resulting ELD is a non-convex optimisation problem, which
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is a challenging one and cannot be solved by the traditional
methods.

ELD problem with valve point loading has also been
solved by dynamic programming (DP) [7]. Although
promising results are obtained in small-sized power systems
while solving it with DP, it unnecessarily raises the length of
solution procedure resulting in its vulnerability to solve large-
size ELD problems in stipulated time frames [8].

Moreover, evolutionary and behavioural random
search algorithms such as genetic algorithm (GA) [9-11],
particle swarm optimisation (PSO) [12, 13] etc. have
previously been implemented on the ELD problem at hand. In
addition, integrated parallel GA incorporating ideas from
simulated annealing (SA) and Tabu search (TS) techniques
were also proposed [14]. Yalcinoz at al. [15] has used a real-
coded representation technique along with arithmetic genetic
operators and elitistic selection to yield a quality solution. GA
has been deployed to solve ELD with various modifications
over the years.

In a similar attempt, a unit independent encoding
scheme has also been proposed based on equal incremental
cost criterion [16]. In spite of its successful implementation,
GA does possess some weaknesses leading to longer
computation time and less guaranteed convergence,
particularly in case of epistatic objective function containing
highly correlated parameters [17, 18]. Moreover, premature
convergence of GA is accompanied by a very high probability
of entrapment into the local optimum [19].

Some other hybrid approaches such as GA combined
with SA [20], evolutionary programming (EP) [21], improved
TS [22], improved fast [23], evolutionary strategy optimisation
[24] have been successfully applied to solve the ELD problem.
Some other hybrid approaches such as GA combined with SA
[20], evolutionary programming (EP) [21], improved TS [22],
improved fast [23], evolutionary strategy optimisation [24]
have been successfully applied to solve the ELD problem.
Besides these soft computing methodologies, some other
promising techniques such as Hopfield neural networks [25,
26] and two-phase neural network [27, 28] have been
successfully applied to solve the constrained ELD.

This paper proposes a new optimisation approach, to
solve the ELD using seeker optimisation algorithm (SOA)
technique [1], In the SOA, optimum solution is regarded as one
which is searched out by a seeker population. The underlying
concept of the SOA is very easy to model and relatively easier
than other optimization techniques prevailing in the literature.

I PROBLEM FORMULATION

The problem of ELD is multimodal, non-
differentiable, and highly non-linear, mathematically, the
problem can be stated as in (1)
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NG
min Fp(P) = Z Fi(P)$/hr, i
i=1

=1, ........,NG (D
NG
minFr(P) = ) Fi(a;P% + biPg; + C;) $/hr, i
i=1
=1, ........,NG (2)
where,
Ft total generation cost
Fi (Pgl-) fuel cost of generator i.
a,b,c cost coefficient of generator i
Pgi output power of generator i
NG total number of thermal generating units

Therefore, it can be considered as an optimization problem
with an objective function subjected to some constraints. The
constraints are represented as follows:

For normal system operations, the real power of each
generating unit should be restricted by its upper limit and
lower limits as follows:

min max ., i
=1,. ..., NG 3)
where,
P™" and P/ minimum and maximum power

generated by ith generator, respectively

The total power generation must cover the total demand and
the real power loss in transmission lines. The relation can be
described as follows:

N
Zpi_PD_PL:O; i
i=1

=1,........,NG (4)
where,
Pp = Total system demand

P, = Transmission Line Loss

111 SEEKER OPTIMIZATION ALGORITHM

Seeker Optimization Algorithm is a population-based
heuristic search algorithm. It regards the optimization process
as an optimal solution obtained by a seeker population. Each
individual of this population is called a seeker. The total
population is randomly categorized into three subpopulations.
These subpopulations search over several different domains of
the search space.
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All the seekers in the same subpopulation constitute
a neighbourhood. This neighbourhood represents the social
component for the social sharing of information.

In the SOA, a search direction and a step length are
computed separately for each ith seeker on each jth variable at
each time step t, i represents the population number and j
represents the optimizing variable number.

Normally, there are two extreme types of cooperative
behaviour prevailing in swarm dynamics. One, egotistic, is
entirely pro-self and another, altruistic, is entirely pro-group.
Every seeker, as a single sophisticated agent, is uniformly
egotistic.

The attitude of ith seeker may be modelled by an
empirical direction vector as shown below

a)j.ego (t) = sign (I_))i.best_ ii.ego )

Two optional altruistic directions may be modelled as
di, aies (©) = sign (gp.q (O — % (D)

di a2 (©) = sign (lpest (©) — %; ()

Each seeker is associated with an empirical direction
called as pro-activeness direction as given as:

di pro (©) = sign (X (ty) — %; ()

The proportional selection rule of search directions is
given by:

0, ifr;<p®

J
— e (0) (0) (+1)
= tL ifpj7 < 1y <p;+p
-1, ifpj(o) + pj(+1) < <1
In a population of size S, for each seeker i (1 <i<YS),
the position update on each variable j is given by the following

equation.
xij (€ + 1) = x;5(0) + a;;(t) X dyj (0)

The position of the worst seeker of each
subpopulation is combined with the best one in each of the
other subpopulations using the following binomial crossover
operator as expressed in (12)

le,best, if randj <0.5

Xk i =
kpjworst { Xkpj,worst, else
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In order to increase the diversity in the population,
good information acquired by each subpopulation is shared
among the subpopulations.

IV IMPLEMENTATION OF SOA FOR ELD

The steps of the SOA, as implemented for the solution
of the ELD problem of this work are as follows.

Step1l |Initialization: Read input data, set number of run
counter, read cost curves of machines and B
coefficients, set maximum population number, set
lower and upper limits of each generator output,
read SOA parameters, set termination criteria (i.e.
maximum iteration cycles).

Step 2 Initialize the positions of the seekers in the search
space randomly and uniformly.

Step3  Setthetimestept=0

Step4  Compute the objective function of the initial
positions. The initial historical Best position among
the population is achieved. Set the personal
historical best position of each seeker to his current
position.

Step5 Lett=t+1.

Step6  Select the neighbour of each seeker.

Step 7 Determine the search direction and step length for
each seeker, and update his Position

Step 8 Update the position of each seeker.

Step9  Compute the objective function for each seeker.

Step 10 Update the historical best position among the
population and historical best Position of each
seeker.

Step 11  Subpopulations learn from each other.

Step 12 Repeat from Step 5 till the end of the maximum
iteration cycles/stopping Criterion.

Step 13 Determine the best string corresponding to optimum
objective function value.

Step 14 Determine the optimal generation  string

corresponding to the grand optimum Objective
function value.

V RESULTS AND DISCUSSIONS

SOA has been applied to solve the ELD problems in
four different test cases for investigating its optimization
capability. The software has been written in MATLAB
language.

A. TEST CASE 1: 20-GENERATING UNITS WITHOUT
LOSS
A system with 20 generators is taken as the test case
1. The system input data are available in Appendix A. The
transmission loss is not considered for this case. For this test
case load demand is 2500 MW.
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TABLE 1 BEST RESULTS FOR 20-GENERATING UNITS WITH PD = 2500 MW

Unit BBO [30] L1[29] HM [29] SOA
P1 513.0892 512.7805 512.7804 593.75
P2 173.3533 169.1033 169.1035 150.82
P3 126.9231 126.8898 126.8897 50
P4 103.3292 102.8657 102.8656 535
P5 113.7741 113.6386 113.6836 89.97
P6 73.06694 73571 73.5709 26.83
P7 114.9843 115.2878 115.2876 122.15
P8 116.4238 116.3994 116.3994 50
P9 100.6948 100.4062 100.4063 105.45
P10 99.99979 106.0267 106.0267 30.43
P11 148.977 150.2394 150.2395 292.07
P12 294.0207 292.7648 292.7647 452.52
P13 119.5754 119.1154 119.1155 130.22
P14 30.54786 30.834 30.8342 59.72
P15 116.4546 115.8057 115.8056 99.37
P16 36.22787 36.2545 36.2545 33.24
P17 66.85943 66.859 66.859 34.74
P18 88.54701 87.972 87.972 32.2
P19 100.9802 100.8033 100.8033 62.01
P20 54.2725 54.305 54.305 31.01
TG 2592.1011 2591.9670 2591.9670 2500
TGC ($/hr) 62456.77926 62456.6391 62456.6341 60166.97

The best generation costs reported for the algorithms
in the literature like BBO {62456.77926} [30], Lambda
iteration (LI) {62456.6391} [29], and Hopfield model (HM)
{62456.6341} [29] are compared with the SOA-based best
generation cost {60166.97}. Best solutions of the generation
schedules, the generation costs etc are obtained from 125 trial
runs of the SOA and other aforementioned algorithms are
presented in Table 1. The convergence profile of the cost
function of the test system is shown in Figure 1.
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Figure 1. Convergence plot for 20 Units System
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B. TEST CASE 2:
LOSS

A system with 40 generators with transmission loss is
not considered as the test case 2. The input data are given in
[32]. The load demand is 10500 MW. The best generation
cost{120928.04}obtained by the SOA is compared to those
obtained by using IFEP {122624.3500} [32], hybrid EP and
sequential quadratic programming (SQP) (EP-SQP) {122324}
[31], PSO with local random search (LRS) (PSO-LRS)
{122035.7946} [33], DE combination with SQP (DEC-SQP)
{121741.9793} [34], new PSO (NPSO) {121704.7391} [33],
new PSO with LRS (NPSO-LRS) {121664.4308} [33],
combined PSO with real valued mutation (CBPSO-RVM)
{121555.32} [40], ACO {121532.41} [35], self-organizing
hierarchical PSO (SOH-PSO) {121501.14} [36], hybrid GA-
pattern search-SQP (GA-PS-SQP) {121458.14} [31], quantum
PSO (QPSO0) {121448.21} [37], BBO {121426.953} [30], BF-
NM {121423.63792} [38], DE/BBO {121420.8948} [39],
real-coded GA (RCGA) {121418.5425} [40], improved
coordinated aggregation-based PSO (ICA-PSO) {121413.20}
[41], and PSO with both chaotic sequence

40-GENERATING UNITS WITHOUT

39



TABLE 2. BEST RESULTS FOR 40-GENERATING UNITS WITH PD=10500 MW

ICA-PSO
Unit QPSO[37] | BBO[30] DE [39] [41] CCPSO [42] SOA
P1 1112 111.0465 110.7998 110.8 110.7998 114
P2 1117 1115915 110.7998 110.8 110.7999 109.68
P3 97.4 97.60077 97.3999 97.41 97.3999 99.67
P4 179.73 179.7095 179.7331 179.74 179.7331 17157
P5 90.14 88.30605 87.9576 88.52 87.7999 82.73
P6 140 139.9992 140 140 140 114.65
P7 259.6 250.6313 259.5097 250.6 250.5997 255.92
P8 284.8 284.7366 284.5997 284.6 284.5997 300
P9 284.84 284.7801 284.5997 284.6 284.5997 300
P10 130 130.2484 130 130 130 229.37
P11 168.8 168.8461 168.7998 168.8 94 126.96
P12 168.8 168.8239 94 94 94 213.27
P13 214.76 21,47,038 214.7598 214.76 214.7598 140.76
P14 304.53 304.5894 394.2794 394.28 394.2794 252.18
P15 394.28 394.2461 394.2794 394.28 394.2794 297.69
P16 394.28 394.2409 304.5196 304.52 394.2794 385.11
P17 489.28 489.2919 489.2794 498.28 489.2794 488.16
P18 489.28 489.4188 489.2794 489.28 489.2794 490.32
P19 511.28 511.2997 511.2794 511.28 511.2794 488.38
P20 511.28 511.3073 511.2794 511.28 511.2794 526.41
P21 523.28 523.417 523.2794 523.28 523.2794 550
P22 523.28 523.2795 523.2794 523.28 523.2794 54752
P23 523.29 523.3793 523.2794 523.28 523.2794 550
P24 523.28 523.3225 523.2794 523.28 523.2794 429.82
P25 523.29 523.3661 523.2794 523.28 523.2794 550
P26 523.28 523.4262 523.2794 523.28 523.2794 519.45
P27 10.01 10.05316 10 10 10 27.17
P28 10.01 10.01135 10 10 10 25.76
P29 10 10.00302 10 10 10 25.76
P30 88.47 88.47754 97 96.39 87.8 97
P31 190 189.9983 190 190 190 190
P32 190 189.9881 190 190 190 190
P33 190 189.9663 190 190 190 190
P34 164.91 164.8054 164.7998 164.82 164.7998 200
P35 165.36 165.1267 200 200 194.3976 200
P36 167.19 165.7695 200 200 200 199.98
P37 110 109.9059 110 110 110 75.75
P38 107.01 109.9971 110 110 110 104.81
P39 110 109.9695 110 110 110 90.13
P40 511.36 511.2794 511.2794 511.28 511.2794 550
TGC 12144821 | 12142695 | 121420.89 | 1214132 | 121403.5362 | 120928.04
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and crossover (CCPSO) {121403.5362} [42]. The best
solutions of the generation schedules and the generation costs
etc as obtained from 120 trial runs of the different algorithms
are presented in Table 2. The convergence profile of the cost
function is depicted in Figure 2.
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Figure 2. Convergence plot for 40 Units System

C. COMPARISON  OF

ALGORITHMS
i. SOLUTION QUALITY

It is noticed from Tables 1 and 2 that the minimum
cost achieved by applying the SOA is the least one as
compared to those achieved by earlier reported algorithms as
mentioned in the respective tables. It emphasises on the fact
that the SOA offers the best solution for the ELD problems
considered.
ii. BEST GENERATION COSTS

It may be observed from Tables 1 and 2 that the
minimum costs achieved by the SOA for Test System 1-2, are
60166.97 and 120928.04 $/h, respectively. Again, power
mismatches are the least ones in the SOA as compared to those
in the others. Hence, it can be concluded that for all the
examples the performance of the SOA is found to be the best
one.

SOA  WITH OTHER

VI CONCLUSION

In this paper, a novel seeker optimization algorithm,
based on the act of human searching capability and
understanding while performing any task, is applied to the
solution of ELD problem. The proposed SOA is applied for 20
and 40 generating systems and the results are compared with
other heuristic algorithms. It is revealed that the SOA has the
ability to converge to a better quality near-optimal solution and
possesses better convergence characteristics and robustness
than other prevailing techniques reported in the recent
literatures. It is also clear from the results obtained by different
trials that the SOA is free from the shortcoming of premature
convergence exhibited by the other optimization algorithms.
The simulation results clearly reveal that the SOA may be used
as an excellent optimizer for the solution of practical economic
load dispatch problems of power systems.
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