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Abstract—An economic operation scheduling problem of a ; ;
hydro-thermal power generation system has beerepgopolved by ~ \¢----------
the proposed multipath adaptive tabu search algor{MATS). Four

Reservoir

reservoirs with their own hydro plants and anothree thermal plant Q: I3
are integrated to be a studied system used to fatenthe objective Reservoir 1

function under complicated constraints, eg watemagaments, ~  \t-eoooee

power balance and thermal generator limits. MAT$hvour sub- Reservoir 3

search units (ATSs) and two stages of discardinghar@sm (DM),
has been setting and trying to solve the problerauthh 25 trials
under function evaluation criterion. It is shownathMATS can N\~
provide superior results with respect to single A&8d other Reservoir 4
previous methods, genetic algorithms (GA) and diffiéial evolution

(DE).

Keywords—Hydro-thermal  scheduling problem, economic Fig. 1 Hydraulic network for studies

dispatch, adaptive tabu search, multipath adapdive search
Output power from hydroplantsPh’i of i™ hydro power

| INTRODUCTION plant, can be obtained by the frequently used temudl) in

HE ge_:neral short-ter_m hydro-thermal generatiogy g of reservoir voluméy, ; ,and water discharg€), ; ,
scheduling problems investigated under a general : !

hypothesis that the hydro units do not pose anyt cos
constraints on the generation of electric powerHaye the P, (t) =c, V% (t) +¢,,Q/7 (1) L
objective function to minimize the operation coséttloermal
units in given period of time while preserving etinstraints, * eV QO+ eV D+ €5 Qi+
prohibited operating zone, valve-point loading, powalance,
water discharge rate limit, water storage volummitli
reservoir end limit and capacity limit in both hgdplants and B. Thermal power plant
thermal plants. Under these constraints, the ditficto bring The aim for solving this problem is to minimize theel
optimal solution for this problem has arisen andtame cost of the only one thermal plant in this syst@ut the cost
heursistic search methods have been applied teesbi& has highly complex relation with hydraulic network
problem, [1],[2],[6]-[8]. management [2] through the hydro power plants wtiiab
This paper is composed of five topics, firstly aduction, peen described in previous topic. The thermal power
problem formulation, proposed multipath adaptiveutaearch generationpPy(t), can be archieved from power demaRg(t),
algorithm, computational results and finally corsitun. hydro power generatio®y(t) and power los (t) within this
equation,

wherec, are coefficients of hydro power plants given by [2

Il. PROBLEM FORMULATION

A. Hydropower plantss P.(t) = P, (t) + P_(t) - P, (t) (2)
This paper has studied an hydraulic network degidte
Fig.1. It consists of four reservoirs which acthagye energy P_(t) is assigned to zero hef(t) is bounded the range 500
storages, both receiving water from four channkgisl,, and to 2500 MW. The fuel cost in dollars ($) from arinal power
discharging water, 2 Q,, into each turbine of hydro power plat can be written in the general quadratic form,
generators to produce electricity.

F,(P.(t)) = y+ BP,(t) + aPA(t) 3)

where yis 5000, Sis 19.2 anda is 0.002.

C.Objective function
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has been formulated as optimization problem in tqu#4)

min J(Q,,Q,,Q,.Q,.t)
subject to 5 Q, <15

o< @
<Q,<15
10<Q, < 30
13<Q, < 25
where
1= PQuQ0u Q1+ Y Y a L (D) ©)
=1 j=1

lll.  MULTIPATH ADAPTIVE TABU SEARCH(MATS)

Tabu search (TS) is a widely used metaheuristiesche
firstly proposed by F. Glover in 1989 [3]. TS basmd two
main strategies, intensification and diversificatido improve
search performance, adaptive tabu search (ATS)re$earch
team in Thailand [4] has been launched with twoitaafthl
mechanisms, back-tracking mechanism for escapiagldek
situation and adaptive search radius for acceteyasiearch
speed. Currently, multipath adaptive tabu searcATB) has
just been proposed for solving any difficult engirieg
problems [5]. MATS is designed to act as a manager
administrating many search cores, ATSs, under aroaph to
improve search performance with respect to tharalgingle
ATS. MATS cosists of three key mechanisms, firsty,the

Thep, is an thermal power output which indirectly depengyeginning, partitioning mechanism (PM), to proviitial

upon all water dischargg, . Penalty termst:, and weighting
factorsw,, can be described as follows,
1) Discharge rate limit can be represented in equg6pn

(191 = Qe = (Q = Qun)
+ (‘Qmax -Q 1‘ - (Qmax_ Q 1))

(6)

2) Storage volume limit can be calculated by equafion

(‘Vi £ ™ Vinin| = (Vi ' _Vmi”)) )

# (Voo =Vis = (Vi V1))

3) Capacity of hydro plant limit can be formulatedder

2

EN

- (Phit - R min)) 8)
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4) Capacity of thermal plant limit can be formulatesidy
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24( h,it Ph,min
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5) Reservoir end limit can be calculated by equatid) (

2

EN

_(Phjl —Ps,mm)) )
- stt‘_ (Ps,max_ Psi,t,))
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ZA: (‘ storagejt Veartis ‘) + (‘Vstorage,i t _Vstop,i t ‘) (10)
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=

These weighting factors aig,
andg, =10°.
The objective function is hard to solve problem cl@ssical

=a,=a,=10", a,=10°

solutions which come from different sub-search spafor
each sub-ATSs, second, sequencing mechanism (Sapto
all sub-ATSs working in sequential order, lastycdigling
mechanism (DM) to remove the weak sub-ATS(s) outhef
main iterative loop for saving overall computatibtiae.

IV. COMPUTATIONAL RESULTS

According to IEEE-CEC 2011 competition on real-wiorl
optimization problems [6] and the code of probleincase 3,
ATS and MATS have been tested randomly 25 trialth wi
150,000 function evaluations limit in each trial arPC with
dual core CPU 2.6 GHz, RAM 1 GBytes and HDD 40 &Ryt
Sub-ATSs in MATS have identical properties likedsiagle
ATS but they have been efficiently managed by MASTS’
mechanisms. Test resultave been collected and illustrated in
Table I. Considering the best objective functicaues in
Table I, the single ATS's value, 9.3910° $ is lowest, then of
the MATS’s, 9.39510° $, and of previous works, genetic
algorithm (GA) , 9.46810° $ and differential evolution (DE),
9.476<10° $ respectively. In case of average values, MATS's
is the lowest value and next are of ATS, DE's anl'sG
respectively. From these statistic data includediare worst
and standard deviations, it can interpret that MAG&h
frequently obtained higher-quality solution thare tkingle
ATS and also the other methods, GA and DE.

TABLE |
COMPARATIVE RESULTS FROM25 TRIALS UNDER 150,000FES LIMIT [6].

Objective function value (x*1%)

Methods

Best Median Mean Worst  Std.
GA [7] 9.46598 9.75758 9.751099.95007 0.11849
DE [8] 9.47654 9.56271 9.587919.70009 0.05992
ATS 9.39131 9.46218 9.46548 9454 0.03676
MATS 9.39504 9.43414 9.44364 SE2  0.03528

method, many meta-heuristic search methods haven bee

applied to solve it [1],[2],[7],[8]. As an alterre¢ search
method, the proposed multipath adaptive
algorithm is described in next topic [5].
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Alternative pattern to demonstrate the comparatesalts

Let’s the left MATS#4 go on searching until the rimaxm

between ATS and MATS in histogram has been elabdratfunction evaluation limit (150,000) found. FinalMATS#4

through in Fig. 2. Obviously, if we count the numioé trials

has reported the final solutiod=9.39510° $, at the 9,000

which is less than 9.440° $. There are fifteen trials (80%) of jteration within 422.1219 seconds.

MATS and only three trials (12%) of ATS. It meahstt the
solution from MATS is probably superior than of AF$o.

Il VATS
W ATS
6
w
g4 ]
% MATS  ATS
minimum 939050 9.3913
a- median 94341  9.4622
mean 9.4436  9.4685
2 meximum 95259  9.5545
T3 stand deviation 0.0353  0.0367
g (x 10e5 $)
@' 2
iy
1
9.38 9.4 9.42 9.44 9.46 9.48 95 9.52 9.54 9.5
Final Objective Function Values ($) x10°

Fig. 2 Comparative results between MATS and ATS

The solution of MATS from the best trial (J=9.3d%° $)
consists of 96 values (4 hydro plants x 24 hounsl) @so has
been plotted to be trajectories of hourly watecké&sge shown
in Fig.3.

_ Maximum Upper Limit

— plant1|
-=-plant2| |

Hydro Plant Water Discharge (x 10* m3)

20 22 24
Hour

Fig. 3 Trajectories of hourly water discharges

In Fig.3, all trajectories are with their own sgegition [2],
the water discharge of plantl,; @blue line) is bounded
between 810" m® to 15x10° m®, Q, (green line) is between
6x10" m® to 15¢<10* m®, @, (red line) is between ¥A0* m’
to 30x10" m® and Q (black line) is between 30" m® to
25x10" m’,

6
Convergence property of the proposed MATS on sglvinH

the hydrothermal power scheduling problem can lea $®m
a best trial (for sample), in Fig. 4. At the begimg) PM
provided different initial solutions and then, Shshforced all

of sub-ATS, namely MATS#1, MATS#2, MATS#3 and,

MATS#4, to operate in sequential manner. At a mdneer,
DM has been firstly invoked at the 13b@eration to discard
two the weak sub-ATS (MATS#1 and MATS#2 at thate)m
and secondly invoked at the 48D@eration to stop another
low qualified MATS#3 out of the MATS's iterative d.
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Fig. 4 Convergence curves of MATS from the best tri

V.CONCLUSION

Multi-path adaptive tabu search (MATS) approach is
applied to solve the complicated hydro-thermal dalirg
problem. The problem characterized by four resesvaiith
hydro generators and a thermal generator have desaribed.
Computational tests are based on 150000 FES IMATS
with four sub-ATSs and suitable parameters caniolgatter
results, mean than of the single ATS and other ipusv
methods, GA and DE.

ACKNOWLEDGEMENT
Author would like to thank Prof. P.N. Suganthan'sbsite
for the useful CEC2011 codes and Rajamangala Usityeof
Technology Lanna for partial financial support.

REFERENCES

[1] M.E. El-Hawary and G.S. Christensen, Optimal Ecoico@peration of
Electric Power Systems. Academic press, New Y®K91

[2] S.O. Orero and M.R. Irving, “A genetic algorithm deting framework
and solution technique for short term optimal hyddeomal scheduling,”
IEEE Trans. Power Systems, vol. 13, pp. 501-517%; M98.

[3] F. Glover, “Tabu search-part I’, ORSA Journal onnating, vol. 1,
no. 3, pp.190-206, 1989.

[4] S. Sujitjorn, T. Kulworawanichpong, D. Puangdownmrgoand K.-N.
Areerak, “Adaptive tabu search and applicationsrigineering design,”
in Frontiers in Artificial Intelligent and Applicans, vol. 149, X.-F. Zha
and R.J. Howlett, Ed. Amsterdam, I0S Press, 200233-257.

[5] J. Kluabwang, D. Puangdownreong and S. SuijtjornMtltipath

adaptive tabu search for a vehicle control problelournal of Applied

Mathematics, vol. 2012, id.731623, pp.1-20, Feli220

URL: http:// http://cec2011.org/competitions.html

S. Elsayed, R. Sarker and D. Essam, “GA with a mewlti-parent

crossover for solving IEEE-CEC2011 competition peal” in 2011

IEEE Congress on Evolutionary Computation, pp. 308410.

[8] S. Elsayed, R. Sarker and D. Essam, “Differentiablion with
multiple strategies for solving CEC2011 real-worldumerical
optimization problems,” in 2011 IEEE Congress onolHtionary
Computation, pp. 1041-1048.

1SN1:0000000091950263





