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Abstract— This paper proposes an effectively enhanced Cus&arch algorithm (EECSA) for solving a variabletie
short-term hydrothermal scheduling (VH-STHTS) peablin which cascaded reservoirs and the complegatibp
considering valve point loading effects are taketo iconsideration. The EECSA is first developedhi study by
improving the search ability of conventional Cucksearch algorithm (CCSA) so as to speed up conweryand
obtain high quality solutions. The EECSA is isddsin two hydrothermal systems in which the fiystesn is composed
of one thermal plant and four cascaded hydropowants, and the second system consists of threenttigslant and
four cascaded hydropower plants. The result congpais between EECSA method and others reporteceipahper
indicates that EECSA is an efficient method witthijuality solution and fast convergence speed.

Keywords— Enhanced Cuckoo Search Algorithm, variable head tert-term hydrothermal scheduling, valve point loadng
effects.

modified Cuckoo search algorithm (MCSA) [28].

1. INTRODUCTION Among these methods, Decomposition and coordination
techniques [2-3] are the two weakest methods fiwmirap
the problem and the obtained results have been
acceptable for small system with simple constraihts
addition, the methods could not deal with problakirtg
valve point loading effects on thermal units.

In this paper, we proposes an effectively enhanced

Variable head short-term hydrothermal schedulingl{V
STHTS) problem considers the water head of resexvoi
as a variable during the scheduled period. In fdwg to
a large difference between the inflow and the disgé,
the volume of reservoir cannot be fixed at a value,
leading to the varia_tion_of water head. The vadathﬂaq Cuckoo search algorithm by carrying out two
short-term scheduling IS more complex than th_edﬂxe modifications on Conventional Cuckoo search algaomit
head short-term scheduling because the hydro gesera improve the capability of CCSA. In the first
is a fu_nction with respect to water _discharge andmodification, we focus on the second new solution
reservoir volume, which are varying during the 0@l goneration via discovery of alien egg in aim tol#ea
operation process [1]. . EECSA to avoid local optimum and converge to a glob
Many algorithms have been successfully applied for,nimm faster. In the second modification, a new
dealing W'.th the VH-STHTS .pro_blem SO far such as selection operation is applied to keep a populatbn
decomposition and coordination  techniques[2-3], y,minant solutions in aim to enhance the globatcsea
evolutionary programming [4-5], genetic algorith®4) ity for the next generation via Lévy flights.h&@
[6-8], two-phase neural network (TPNN) [9], diffet@l o nsed EECSA will be tested on two systems with
evolution (DE) [10-12], Particle Swarm Optimization igterent types of objective functions includingaglratic
(PSO)[13-18], clonal selection algorithm [19], Higbr function and nonconvex function. The obtained itssul

diﬁerential_ evolution and se_quential quadra_\tic from the proposed method compared to those from
programming (HDE-SQP) algorithm [20]’_ adaptive oers reveals that the method is very efficiemt tfe
chaotic artificial bee colony (ACABC) algorithm [21] \/\i_STHTS problem.

Teaching learning based optimization (TLBO) [22}ilK
herd algorithm (KHA) [23], Symbiotic organisms selar
algorithm (SOSA) [24], Quasi-oppositional group reba 2. PROBLEM FORMULATION

optimization (QOGSO) [25], Ant lion optimization The task of VH-STHTS problem havimd thermal units
(ALO) [26], Cuckoo search algorithm (CSA) [27] and andN, hydro units scheduled il time sub-intervals is

to determine optimal operation strategy so that the
following objective can be obtained.
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In addition, a set of the following constraints mbe
exactly met.

- Load Demand Equality Constraint: The total power

generated by thermal and hydro units must satiséy t
load demand and power losses in transmission lines.

Ny Na
Z I:>si,m +Z Phj,m_ PL m- PD m=0
i=1 j=1

®3)

where P_, and Pp , are load demand and transmission
loss at subintervah; Py, is the power output of hydro
plantj at subintervain and is defined as the following
function of water discharge and reservoir volume.

Rim :C.th(vj,m)z + Czhj(Qj,m)2+ G QmVYmt Gy Vmt Gy Qut Gy
(4)

whereCuyj , Copjy Canjy Canjy Csnjy Cenj are the coefficients
of the jth hydropower plant.
- Initial and Final Reservoir Storage

Vio = Viinital i Yim = VY end (5)
where Vjo and V,insa are the initial volume of the
reservoirj; Vju and Vjenq are the end volume of the
reservoitj.

- Hydraulic Continuity Equation

Nu M
Vj,m—l_vj,m+ Ij,m_Qj,m_ Sj,m+zz(inm'Ti,j + S'm'ri,j )=0

6)

where V, , lijm and $,, are reservoir volume, water
inflow and spillage discharge ratejBfhydropower plant
in m" interval. z; is the water delay time between
reservoirj and its up-strearnat intervalm and Nu is the
set of up-stream units directly above hydro-pjant
- Reservoir Storage and water discharge limits
V.

j,min

<V, <V ,

im =Y, max

i=1,2,...N,m=1,2,..M
Qimin € Qm<Q max i=L2,..,N;m=12,.. M

where Vjmax and Vjmin are the maximum and minimum
reservoir storage of the hydro plantespectivelyQ; max
and Qmin are the maximum and minimum water
discharge of the hydro plant

- Generator Operating Limits

Psimin < Psim < Psimax 1=4,2,...,N;m=1,2,..M (9)
Phj,min < |:’hj.m = Phj,max; j=1,2,...,N2;m= 1,2,.., M (10)

where Pgimax Psimin @Nd Rymax Prjmin @re maximum,
minimum power output of thermal plamtand hydro
plantj, respectively

3. EFFECTIVELY ENHANCED CUCKOO
SEARCH ALGORITHM

The EECSA method is proposed by applying two

modifications on CCSA including one modification on
the second new solution generation via discovelieh
eggs and one modification on selection operatidme T
detail is described as follows.

158

3.1. Thefirst modification on discovery of alien eggs

In the modification, there are two ways to produesv
solutions via discovery of alien eggs as shownds. e
(11) and (12) if random number is less than the
probability of alien eggs to be abandoned
XSEWZ Xd + rand( X’andpefl - XranpeE) If Dcl2 t0| (1 1)
Xc?ewzxd-'-rand( Xandpefl_ Xranpe2+ Xrandpés_ Xranpet) If Dd< to
(12)

Two new definitions shown in (11) and (12) dde
and tol in which Dy is a ratio of two different fitness
function values and obtained by (13) meanwhdkis
toI?rance and selected one out of five values ftéfmto
10

_ Fitnesg - Fitnesg,,
Fitness,,

d

(13)

In eq. (13),Fitnesg and Fitnessges; are the values of
fitness of solutiond and the best solution among
population.

3.2. The second modification on selection operation

The second modification is employed at the endaghe
iteration to keepN, dominant solutions amonty, old
solutions andN, new solutions. In the new selection
operation, all old solutions and all new soluticar®e
integrated into one group witkxN, solutions. Then the
solutions are evaluated and ranked to keep the Nifs
dominant solutions with less fitness function thla@Np
remaining solutions.

4. IMPLEMENTATION OF EECSA METHOD

The EECSA for solving VH-STHTS problems is as
follows:

41. (7)

I nitialization
Similar to other meta-heuristic alfgrithms, eaclckno
nest inN, nests is represented by a vecXgr= [Psimq
Qmd (d =1, ...,Np). Certainly, the upper and lower
limits of each nest are respective¥§in=[P simin Qmin]
and Xmna&[P simax Qmad. Consequentlyeach nesiy is
randomly initialized within the limitPgmin £ Psima <
Psimax(i=2, ..., Ny m=1, ..., M ande,minS Qim.d< Q max
(=1, ....., Ny m=1, ...., M-).

Using (6), the reservoir volume at subinterval m is
obtained by:

Ny
im=Vimat lim=Qjm~ Sjm* Z ( Qj,m—ri'j + Sy i )
i=1
(14)
The values ofQ,uq is obtained by (15) and hydro
generations can be then calculated using (5). lyinle
slack thermal unit 1 is obtained using (16).

Qma =V0~Ym +nZ:1:! m _%:Qm _%%4'

Nu M

1 Qn—ri'j " §'*ﬂ )=0
(15)
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Ny Ny

Fam=Pom* Py m_z Psi m_z Py n
i=2 j=1 (16)

After all the variables of each egg has been obthin
the quality of each egg will be evaluated by caltinb

fitness function as follows.

N2 ML -
%ZZ(VJ,m d_\)lgn)

Fln¥l

M NL M .
ZZF(Psim) +@Z(Pslmd_|j£1 Y+
| el
Fly = N2 o N2 M -
] Quia ="+ @YD (Rma =R
= j=rme1
17)

where ¢, @, @ and ¢, are respectively penalty factors

and the limits of variables are obtained by usihgirt
upper or lower limitations [27].

4.2. Reparation of new solutions

It cannot be sure that new solutions obtained Lfégits

and discovery of alien eggs can satisfy both ugret
lower boundaries. Therefore, they should be cheeked
repaired as below.

f new
Xd,max if xd > Xd,max

X new —
T X i XTeW< X
d,min d d,min

(18)
4.3. Stopping criteria

The termination criteria used to obtain the bestitim

is the maximum number of iterations. The process of
computing will stop when the current iteration dgial to

the maximum value.

5. NUMERICAL RESULTS

In this paper, the performance of EECSA is testety
systems of the VH-ST-HTS where the first system
neglects valve point loading effects on thermatsubit
the second consider the effects. The proposed mgtiso
coded in Matlab platform and run one hundred
independent trials for each valueRfon a 2.0 GHz PC
with 4 GB of RAM.

5.1 Onetest system with quadratic fuel cost function of
thermal plants

In this section, one system with one thermal plamd
four cascaded hydropower plants scheduled in 24 one
hour sub-intervals is considered [6]. For impletaéon

EECSA is every effective for system with quadréitiel
cost function of thermal units.

Table 1. Comparison of obtained results by EECSA and
other methods for system 1

Method Min cost($)| Avg. time (s
CEP [5] 930166.25 22921
FEP [5] 930267.92 1911.2
IFEP [5] 930129.82 1033.2
GA [6] 926707 1920
BCGA [7] 926922.71 64.51
RCGA [7] 925940.03 57.52
MDE [10] 922555.44 NA
GCPSO [13] 927288.4 182.4
GWPSO [13] 930622.5 129.1
LCPSO [13] 925618.5 103.5
LWPSO [13] 925383.8 82.9
EGA [15] 934727.00 NA
PSO [15] 928878.00 NA
EPSO [15] 922904.00 NA
IPSO[16] 922553.49 NA
CSA-Lévy [27] 927934.23 79.08
CSACauchy [27] | 927967.66 81.30
CSA-Gauss [27] 927957.26 85.75
MCSA [28] 922773.6 234
EECSA 922366.84 24.6

5.2 One test system with nonconvex fuel cost function
of thermal plants

In this section, one system with nonconvex fueltcos
function is employed to verify the efficiency ofeth
proposed method. The system is composed of four
cascaded hydropower plants and three thermal plants
The optimization period is 24 one-hour subintervalse

of the proposed EECSA, the number of nests and th&lata of the system 2 is taken from [33]. The pafpoih

maximum number of iterations are respectively set t
200 and 2000 for each value Bf ranging in [0.1, 0.9]

with a step of 0.1. The best fuel cost obtainedEBCSA

attol=10* andP, = 0.5 is $ 922,366.84. The comparison
of the obtained results by EECSA and other methseds
reported in Table 1 for system 1. Clearly, EECSA ca
obtain better solution than all methods and corwerg

and the maximum iterations are respectively se2(0
and 6,000 for implementing EECSA. The best fuelt cos
obtained by EECSA at tol=T0and P, = 0.6 is $
41,661.8193. The comparisons of obtained results in
terms of fuel cost and execution time are repoited
Table 2. Clearly, EECSA is the best method with the
lowest fuel cost and the fastest execution time.

faster than all methods because the fuel cost fromConsequently, it can be concluded that EECSA isrg v

proposed method is the lowest and its executioe isn
the shortest value. Consequently, it can be coeculdat

promising method for solving the VH-STHTS problem
with nonconvex fuel cost function of thermal units.
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Table 2. Comparison of obtained results by EECSA and [71 S. Kumar, R. Naresh, ‘Efficient real coded genetic

other methods for system 2 algorithm to solve the non-convex hydrothermal
scheduling problem’, Int J Electr. Power Energy
Method Cost($) | CPU(s Syst, (2007), vol.29, No.10, pp.738—47.
SA [14] 47,306.00 NA [8] M. Basu, ‘Economic environmental dispatch of
. hydrothermal power system’, Electrical Power and
EP [14 45,466.0 NA Energy Systems, (2010), vol. 32, pp.711-720.
PSO [14 44,740.01 NA [9] R.Naresh and J.Sharma, ‘Two-phase neural network
DE [11] 4452611 20C based solution technique for short term
hydrothermal scheduling’, IEE Proc-Gener. Transm.
, [
MDE [11] 426111 | 128 Distrib, (1999), Vol. 146, pp.657-663
HDE [11] 42,337.3 48 [10]L. Lakshminarasimman, S. Subramanian, ‘Short-
MHDE [11] 41,856.5 31 term scheduling of hydrothermal power system with
Clonal selection[1¢ 42440.57. 10¢ cascaded reservoirs by using modified differential
ki o ARG NA Distib,(2006),Vol. 153, No. 6, pp. 603700,
QOGSO [25 42120.0. 625.0: [11]L. Lakshminarasimman, S. Subramanian, ‘A
MCSA [28] 4347¢ 254 modified hybrid differential evolution for short-tar
EECSA 41064.89 75.2 scheduling of hydrothermal power systems with
cascaded reservoirs’, Energy Conversion and
6. CONCLUSIONS Management, (2008),Vol. 49, No.10, pp. 2513-2521.

I[12]L. Youlin, Z. Jianzhong, Q. Hui, W. Ying, Z

The paper presents the application of an effegtive Yongchuan, ‘An adaptive chaotic differential

enhanced Cuckoo search algorithm for solv_ing optima evolution for the short-term hydrothermal genematio
short-term hydrothermal generation cooperation lgrob scheduling problent, Energy Conversion and
taking variable head of hydropower plant into Management, (2010) ,VoI. 51, No.7, pp. 1481-1490.
consideration. In order to verify the powerful sdaof [13]Y. Binghui Y Xiao,hui W 'Jinwe,n ‘Short-term

;Ehel proriofsedt!EECS,g, two systemfs 'TC|Ud,'[n]9 qli;;jnratlc hydro-thermal scheduling using particle swarm
uet cost IUNCTion and honconvex Tuel cost 1unc optimization method’, Energy Conversion and

thermall units are employed. The analysis on thg Management, (2007), Vol. 48, No.7, pp.1902—1908.

comparison has reveale_d that the pTODOS‘*d method I[514]K.K. Mandaly M. Ba,su N C':hakra,lborty ‘Particle

very efficient for s_olvmg the optimal short-term swarm optirﬁization te,chr,1ique based ’short-term

hydrothermal scheduling problem. hydrothermal scheduling’, Applied Soft Computing,
(2008), Vol.8, No.4, pp. 1392-1399
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