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Abstract—An economic operation scheduling problem of a ' ;
hydro-thermal power generation system has beeregyopolved by ~ \o-—
the proposed multipath adaptive tabu search algor{MATS). Four Reservoir
reservoirs with their own hydro plants and anothree thermal plant Q.
are integrated to be a studied system used to fatenthe objective Reservoir 1
function under complicated constraints, eg watemagements, —  N\g-mmmmmmom-
power balance and thermal generator limits. MAT$hviour sub- Reservoir 3
search units (ATSs) and two stages of discardingham@sm (DM),
has been setting and trying to solve the problerautih 25 trials
under function evaluation criterion. It is shownathMATS can ~ \termmoomooe
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 hydroplantsF}]vi of i™ hydro power

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

HE general short-term hydro-thermal generatio ; :
rms of reservoir volumeé/, . ,and water dischar oy
scheduling problems investigated under a gener%ﬁ é\/h" th"

hypothesis that the hydro units do not pose anyt cos
constraints on the generation of electric powerHaye the P,;(t) = ¢V, (t) +¢,,QF (1) @
objective function to minimize the operation costtloermal
units in given period of time while preserving atinstraints, + 0V (DQu, (0 + C4Vi (D + €5 Qni 1) + €
prohibited operating zone, valve-point loading, powalance,
water discharge rate limit, water storage volummit)i
reservoir end limit and capacity limit in both hgdplants and B. Thermal power plant
thermal plants. Under these constraints, the dificto 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 teeslis has highly complex relation with hydraulic network
problem, [1],[2],[6]-[8]. management [2] through the hydro power plants wtiek
This paper is composed of five topics, firstly atuction, peen described in previous topic. The thermal power
probl_em formulation_, proposed muItipgth adapti_\kwtaearch generationP4(t), can be archieved from power demaRgt),
algorithm, computational results and finally corsitun. hydro power generatiof,(t) and power los, (t) within this
equation,

wherec are coefficients of hydro power plants given bl [2

Il. PROBLEM FORMULATION

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

F.(P(1)) = y+ BR,(t) + aPA(t) ®)

where yis 5000, B is 19.2 andd is 0.002.

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

min J (Q1,Q21Q31Q41t)
subject to 5<Q, <15

o ()
<Q,<15
10<Q, < 30
13<Q, < 25
where
31=P(Q0Q Qs Q)+ Y Y L) (5)

Ill.  MULTIPATH ADAPTIVE TABU SEARCH (MATS)

Tabu search (TS) is a widely used metaheuristiesche
firstly proposed by F. Glover in 1989 [3]. TS basmu two
main strategies, intensification and diversificati®o improve
search performance, adaptive tabu search (ATS)re§earch
team in Thailand [4] has been launched with twoitamithl
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 proagph to
improve search performance with respect to theraigingle
ATS. MATS cosists of three key mechanisms, firsty,the

Thep, is an thermal power output which indirectly depengeginning, partitioning mechanism (PM), to proviittial

upon all water dischargg, . Penalty termst; and weighting
factors-ai, can be described as follows,
1) Discharge rate limit can be represented in equdépn

L35l

t=1 i=1

Qi,t - Qmin - (Q| t Qmin))
+ (‘Qmax -Q 1‘ - (Qmax_ Q 1))

(6)

2) Storage volume limit can be calculated by equation

L= s, (Ve V|~ (Vs =Vinn)) (7)
5 VeV (Vi)

3) Capacity of hydro plant limit can be formulatedéyer

24

L322i

=1 i=1

(‘thi,t =By min| ~ (Phjl - Ph.min))
+ (‘Ph,max - Pll‘ - (Ph,max_ Ph i,L))

(8)

4) Capacity of thermal plant limit can be formulatesidy

g Rl (R R ) o
W=
=L = +(‘Ps,max_Psit‘_(PSvmax_ PSi-‘v))

5) Reservoir end limit can be calculated by equatidd) (

24

Ls=D,

=1

(10)

M-

(‘Vstorage,i t _Vstan,i,t ‘) + (’\/storage,i t _Vstop,i,t ‘)

Il
iy

These weighting factors arg, = a,=a,= 10*, a, =10°
and g, = 106.
The objective function is hard to solve problem ali@ssical

solutions which come from different sub-search spafor
each sub-ATSs, second, sequencing mechanism (SMlpte
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-wdorl
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 @&Byt
Sub-ATSs in MATS have identical properties likedsingle
ATS but they have been efficiently managed by MASTS’
mechanisms. Test resuliave been collected and illustrated in
Table I. Considering the best objective functiaues in
Table I, the single ATS's value, 9.3e10° $ is lowest, then of
the MATS'’s, 9.39%510° $, 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 arti'sG
respectively. From these statistic data includediare worst
and standard deviations, it can interpret that MAG&
frequently obtained higher-quality solution thare tkingle
ATS and also the other methods, GA and DE.

TABLE |
COMPARATIVE RESULTS FROM25TRIALS UNDER150,000FES 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 S®P2  0.03528

method, many meta-heuristic search methods haven bee

applied to solve it [1],[2],[7],[8]. As an altera search
the proposed multipath adaptive tabu search

method,
algorithm is described in next topic [5].
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Alternative pattern to demonstrate the comparatésults

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

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

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

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 meahsit the
solution from MATS is probably superior than of ATSo.

M VATS
o W ATS
w
<
E 5 B
5 MATS ATS
o minimum 9.3950 9.3913
4 median 94341 9.4622
mean 9.4436  9.4655
2 maxinum 9.5259 95545
<3 stand deviation 0.0353  0.0367 |
g (x 10e5 $)
o 4
g
[
2L 4
[0,
9.38 9.4 9.42 9.44 9.46 9.48 9.5 9.52 9.54 95
Final Objective Function Values ($) x10°

Fig. 2 Comparative results between MATS and ATS

The solution of MATS from the best trial (J=9.34%° $)
consists of 96 values (4 hydro plants x 24 houns)) @lso has
been plotted to be trajectories of hourly wateckigsge shown
in Fig.3.

35
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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 desmribed.

Computational tests are based on 150000 FES IM&TS

with four sub-ATSs and suitable parameters canimliteatter
results, mean than of the single ATS and other ipoav

methods, GA and DE.
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Fig. 3 Trajectories of hourly water discharges

In Fig.3, all trajectories are with their own sgieition [2],
the water discharge of plantl,; @blue line) is bounded
between 810" m®to 15x10° m®, Q, (green line) is between
6x10° m®to 15x10° m®, @, (red line) is between ¥A0* m®
to 30x10° m® and Q (black line) is between ¥30" m® to
25x10" m°.
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_[6
Convergence property of the proposed MATS on sglva

the hydrothermal power scheduling problem can lea $®m

a best trial (for sample), in Fig. 4. At the bedmpn PM
provided different initial solutions and then, Shdshforced all
of sub-ATS, namely MATS#1, MATS#2, MATS#3 and,
MATS#4, to operate in sequential manner. At a mdnteer,
DM has been firstly invoked at the 13bieration to discard
two the weak sub-ATS (MATS#1 and MATS#2 at thate)m
and secondly invoked at the 4BDReration to stop another
low qualified MATS#3 out of the MATS'’s iterative dp.

(8]
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