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ABSTRACT :-This paper presents application of Improved Bat Algorithm(IBA) for solving Economic Load Dispatch
problem considering Transmission loss, Valve point loading effect and Prohibited operatindabmdgorithm is an
optimization algorithm motivated by thexholocation behaviour of natural bats in finding their fo®tgency of the
algorithm is tested on six unit system. The promising results show the quick convergence aweéneffsctf the
Improved Bat algorithm.
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I INTRODUCTION

Nowadays, the planning and operating power system is a challenging task for power engineersabetause
complexity and to satisfy the demand for elecenergy of the area served by the system with Continuity of service
and reliability. An elite objective here is to perform the service at the lowest possible cosileTtfesoft computing
techniques has influenced a lot in the field of power system iaipén solving optimization problems because of
their reliability, speed of convergence and robustness [1]. The ELD problem, one of the differdintaro
programming commitment in power system, is about minimizing the fuel cost of generating uaispémific period

of operation so as to accomplish optimal generation dispatch among operating units and to satisfieth load
demand and generator operation constraints with ramp rate limits and prohibited operating z8n€$23$h [3] was
presated a new method to solve the problem of optimal generation dispatch with multiple fuel optigna Bsidial

basis function neural network along with a heuristic rule based search algorithm and a Hopfaldetework. Dr .G.
Srinivasan, et al. [4] $eed economic load dispatch problem with Valve point effects and multi Fuels using particle
swarm algorithm with chaotic sequences and the crossover operation to improve the global sesgpability by
preventing premature convergence through incredisedsity of the population. Radhakrishnan Anandhakumar, et al.
[5]was proposed a neterative direct Composite Cost Function method, to solve economic dispatches of the online
units with less Computation time. Umamaheswari Krishnasamy,et al. [6] pietseRedined Teachingearning Based
Optimization Algorithm for Dynamic Economic Dispatch of Integrated Multiple Fuel integrated witkl WRémver
Plants.R.Balamurugan, et al. [7] proposed aaa#ptive mechanism isused to change these control parametegs du
the evolution process. These control parameters are applied at the individual levels in theopdpdative economic
dispatch with valve point and multi fuel options. »3he Yang. [8] proposed the Bat algorithm and its characteristic
with implemaentation of various functions for global optimization.

In this paper, Economic load Dispatch problem with inclusion of prohibited operating zones, samslogs
and valve point effect has been solved by using the Improved Bat Algorithm. The Bat algorithaclap@® been
verified by applying it to testystem. The performance of the proposed Improved Bat algorithm is analysed and its
parameters was self tuned. Because this parameter plays a major role in controlling the seacesmg@foalgorithm.

Copyright to IJAREEIE DOI:10.15662/IJAREEIE.2016511001 8301



ISSN (Print) : 2320—- 3765
ISSN (Online): 2278-8875

| nternational Journal of Advanced Researchin Electrical,
Electronics and I nstrumentation Engineering

(An 1SO 3297: 2007 Certified Organization)
Vol. 5,Issue 11, November 2016

Il. FORMULATION OF ECONOMIC LOAD DISPATCH PROBLEM

TOTAL COST FUNCTION: -
The main objective of Economic Load Dispatch in electrical power system is to reduce the oveualigmacost of
supplying loads while satisfying constraints. The total cost function can be formulated as tiado#iguation.

R R

Fo= 1 FgPy= i agrbPy+cp? (1)
9@ e

whereF {P) is the cost function ofiigenerator and is usually expressed as a quadratic polynomipkred ¢are the
fuel cost coefficients ofyi generator; N is the number of generatorsis Ehe real power output of igenerator. The
Economic Load Dispatch problem minimizgs#bject to the following constraints and effects.

EQUALITY CONSTRAINTS: -
Thepower balance equation is given by

R
i P= Py+ Pp (2)
6@

The transmission loss PL of system may be expressed by usiogffi®ients.

R R Q

P | 1T PBR+ | ByPyt Bas (3)
e Hes t@s

where, Py, is the power demand of the systd8y,B ,4and B, ,are transmission loss coefficients.

INEQUALITY CONSTRAINTS:
The upper and the loweperating region of the generator is given by the equation

PE9' QPy QPL-Vi BN (4)

WherePg',‘g' and PQ',‘—" are the minimum and maximum power outputsgeherator i, respectively. The maximum
output power of generator is limited by thermal consideration and minimum power generation dsbiyrtite flame
instability of a boiler.

PROHIBITED OPERATING ZONES:

The prohibited operating zones are the rangeuwofer output of a generator where the operation causes undue vibration
of the turbine shaft bearing caused by opening or closing of the steam valve. This undue vilighticause damage

to the shaft and bearings. Normally operation is avoided in sgébnee The feasible operating zones of unit can be
described and represented as.

PI QP, QPls
Pgsk ?5 QPg Qpék , m= 2,3,...[’]9 (5)
$ QP QRS

Where m represents the numbeposhibited operating zones of jthe generator in arég i, s is the upper limit of (m

-1), prohibited operating zone qf generator PQj,k is the lower of my prohibited operating zone qf generator. Total
number of prohibited operating zone of ith the generatar is n
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VALVE -POINT EFFECTS:

The generator cost function is obtained from a data point taken during “heat run” tests whendmpupat data are
measured as the unit slowly varithrough its operating region. Wire drawing effects, which occur as each steam
admission valve in a turbine starts to open, produce a rippling effect on the unit curve. Tor ¢besabeurate cost
curve of each generating unit, the valve point resultasi each steam valve starts to open, the ripples like the cost
function addressing valveoint loadings of generating units is accurately represented as

R R

Fr= | FgPs=

I agrbpgtcgr dgxsinfegx (pk9' FPy_+ (6)
oo oa

[l BAT ALGORITHM

Bat algorithm is an optimization algorithm motivated by the echolocation behaviour of natural Bating their

foods. It is introduced by Yang and is used for solving many real world optimization problemsirRgdibat in the

initial population erploys a homologous manner by doing echolocation for updating its position. Bat echolocation is a
perceptual system in which a series of loud ultrasound waves are released to produce echoesvdhase ngturned

with delays and various sound levels whinake bats to discover a specific prey as shown ¥l Fg&pme guidelines

are studied to enhance the structure of BAT algorithm and use the echolocation nature of bats.

X Each bats identify the distance between the prey and background barriers usingadoholo

x Bats fly randomly with velocity jvat position xwith a fixed frequencyf, RU :DYHOHQJWK
ZDYHOHQJWK RU ITUHT XHoFEarch fobpe®. TOEY) Xab Qdtlivally &dopt the wavelength (or
frequency) of their emitted pulses and adjust the rate of pulse emisBiih) ], depending on the closeness
of their prey;

X Although the loudness of the bats can be maodified in many wayspmsider that the loudness varies from a
large (positive)A,to a minimum valué\ ., according to the problem taken.

', Emitted Wave of Bat
Reflected Wave

of Pre

Fig.1.Ecolocation behaviour of bats
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INITIALIZATION OF BAT POPULATION

Population initialization of bats randomly in between the loaed the upper boundary can be achieved by the
equation.

XgF Xkgint rand(0,1) Uk, ynFXygqih0 (7)
wherei=1, 2,..n, j=1, 2,...d, Xinj@andxmaxare lower andipper boundaries for dimensipnespectively.
UPDATE PROCESS OF FREQUENCY, VELOCITY AND SOLUTION
The step size of the solution is controlled with the frequency factor in BA. This frequency $ageorerated randomly

in between the minimum and maximum frequerfoyif, fma% Velocity of a solution igroportional to frequency and
new solution depends on its new velocity and it is represented as.

fg= fugit (Fi v Ffig) (8)
vg= v+ (xg Fx Yty (9)
Xg= Xg72+ v (10)

Where 0, 1] indicates mdomly generated number rgpresents current global best solutidfar. local search part
of algorithm (exploitation) oneolution is selected among the selected best solutions and random walk is applied.

chu:ijﬁi' A (11)

WhereA), is average loudness of all bat€)[0, 1] israndom number and represents direction and intensity of random
walk.

UPDATE PROCESS OF LOUDNESS AND PULSE EMISSION RATE

As iteration increases, the loudness and pulse emission must be updated because when theobat geitsgbrey

then their loudnesa usually decreases and pulse emission rate also increases, the updating equation for loudness and
pulse emission is gén by

5_
#55= AL (12)
ro®=rdd Fel?ig (13)

where . D Q @re constantsi® and A are factors which consist of random values Afld¢an typically be [1, 2], while
ri°can typically be[0,1].

PSEUDO CODE OF BAT ALGORITHM

1).Objective functionf(x), x=(x1....Xq)'

2).Initialize bat population; and velocity; i=1, 2..n

3).Define pulse frequendyat x;

4).Initialize pulse ratg and loudness,

5).While ¢ < maximum number of iterations)

6).Generate new solutions by adjusting frequency, and updating velacditiéscation/solutions.
7).If (rand>ry)

8).Select a solution among the best solutions

9) Generate a local solution around the selected best solution
10)End if

11) If(randk Ai and {xi)< f(x*))

12) Accept new solutions

13) Increase;, reduceAi
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14) Endif

15) Ranks the bats and find current best
16) End while

17) Display results.

V. IMPROVED BAT ALGORITHM (IBA)

Bat Algorithm is an efficient algorithm at exploitation but has some insufficiency at exploratignit tan easily get
trapped in locaminimum on most of the multimodal test functions. In order to overcome this problem of standard BA,
some maodifications are made in the update process of frequency to improve exploration and exmajability of
BA [21].

Normally, in bat algorithm thdérequency is randomly generated in between the minimum and maximum
value, this frequency will have same effect to all dimensions of solution. In order to adoptetteotffhange in
dimensions on solutions a dynamic frequency varying concept is assighélimproved bat algorithm.

diff ;= §(xgiFx}© (14)

range = max(diff) Fmin(diff) (15)

§(min(diff) F(diff )8

fr=frgit afk_v Ffyg) (16)

range

The distances between, dolution and global best solution are calculated first then the frequency updating a
assigned according to Eq. 1680 the frguency variation is depend on differencedistances as per the Eq. (BY
varying the Frequency the step size of the solutions also varied. Thus, dimensions which a® gloisal optimum
point do not steer for irrelevant regions. Instead, theylllosaarch around global optimum pai Velocity formulation
Eq. (19 must be updated as follows.

ViR ViR KGFxgen (17)

PSEUDO CODE FOR IMPROVED BAT ALGORITHM

1).Initialize the population afi bats randomly and evaluate the objective function for all bats.
2).Initialize temporary best solution among the solutions.

3).Define frequency as per the|. (1416).

4).Define loudness /and the initial velocies v (i= 1, 2, .. ., N); Set pulse rate r

5).While t<maximum number of iterations)

6).Evaluate objective function for generating new solutions by varying the frequency and updatg EglgGid-16).
7).If (rand> 1)

8).Select a solution among thest solutions.

9).Generate a local solution around the selected best solution.

10).End if

11).1f (rand< Aand f(x)< f(x*))

12).Accept new solutions

13).Increase rreduce A

14).End if

15).Ranks the bats and find current best x*

16).End while

17).Display results.
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V. RESULT
In this case Improved Bat algorithm is employed to solve the economic dispatch of ten unit sybtetanvend
1263MW consist of Valwpoint effect, Prohibited operating zone and Transmission losses. the simulation results and
the converge of the cost function is shown in-Eifipr 100 iterations. the random value of frequency change for the
case is shown in H8.

Tablel. Simulation Result For Six Unit System

Output powe IBA
P (MW) 444,159
P, (MW) 168.330
P; (MW) 262.677!
P, (MW) 139.562:
Ps(MW) 172.003!
Ps (MW) 91.225:
PLOSS(MW 12.621:
Cost ($/h’ 15444.8'
x 10%
1.554
1 — | A
= 1.552¢} o BEST SOLUTION
o)
5 1.55¢
3
< 1.54s8} -
o
—
. 1.546} —\
1.544 O
(9] 50 100
ITERATIONS
Fig.2.Convergence Characteristics of IBA.
2
I
I . I l ‘! l I‘ n Il

Fig.3 Parameter variation of IBA.
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Table2. Result Comparison of IBA with Other Techniques.

S.NC METHODS FUEL COS1
1 GA - Genetic Algorithn [21] 15459.0I
2 PSO- Particle Swarm Optimizatic[21] 15450.0!
3 MPSOTVAC - Modified PSCwith Time Varyin¢ [21] 15449.9
4 MATS - Modified Adaptive Tabu SearcAlgorithms [22] 15445.57
5 IBA - Improved Bat Algorithm 15444 .8!

VI. CONCLUSION

In this paper, Improved Bat algorithm is applied to economic load dispatch problems with sistemit ag a test case.
The results obtained by this method are compared atliter soft computing techniques. The comparison shows that
Improved Bat algorithm performs better and got good convergence characteristics. The Bat digariduperior
features, including quality of solution, stable convergence characteristics@hdayoputational efficiency. Therefore,
this results shows that Improved Bat algorithm is a promising technique for solving complicklechprim power
system.
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