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ABSTRACT

Inthisarticle,anenhancedwatercyclealgorithm(EWCA)isproposedandappliedtooptimizethe
operationofmultireservoirsystems.Threeimprovementshavebeenmadetothewatercyclealgorithm
(WCA).Theyrefertohigh-qualityinitialsolutionsobtainedbythechaos-basedmethod,balancingof
explorationofstreamsusingadynamicadaptiveparameter,anddynamicvariationofsub-watersystem
sizeusingthefitnessvalueofrivers.Forthepurposeofverifyingtheimprovements,threetypical
benchmarkfunctionswereselectedastestfunctions.IthasshownthatEWCAperformsbetterthan
WCAandwatercyclealgorithmwithevaporationrate(ER-WCA).Andthenthesethreealgorithms
werealsoappliedtooptimizetheoperationofamultireservoirsystemwithcomplexconstrainsasthe
casestudy.Bycomparingtheresults,itisfoundthattheEWCAhashigherabilitytofindafeasible
solutioninanarrowsearchingspace.Theeffectivenessoftheimprovementsisconfirmed.
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INTROdUCTION

Duetocontinuoussocietyimprovement,thedemandsonenergysupplyincreaseconstantly,which
increasesthegapinelectricitypowermarket.Moreover,becauseofenhancementofenvironmental
protectionconsciousness,peopleprefercleanenergy,whichmakestheenergyissuemoreimportant.
Insuchacase, thehydropower isconsideredasapromisingenergy thatassuages theelectricity
shortageandsatisfiestherequirementsofenvironmentalprotection.Namely,hydropowerrepresents
acheap,clean,andrenewableenergy.

Furthermore,theconstructionofcascadereservoirsinriverbasindevelopsrapidly,whichprovides
asubstantialimprovementofregulationandstoragecapacityofreservoirsystems.Generally,the
reservoiroptimaloperationreferstoobtainingofmaximalbenefitfromoneormoreobjectiveswhile
meetingvariousphysicalandoperationconstraints.
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Thedifficultyincascaded-reservoirsystemoptimizationrisessharplywithsystemcomplexity.
Namely, a non-linearity caused by generating characteristic of hydropower units and a high-
dimensionalityofmultiplereservoirsmaketheoptimizationprocessmoredifficult(Labadie,2004;
Yeh,1985;Wurbs,1994).

Inordertofindtheoptimaloperationofmulti-reservoirsystem,inthepastdecades,various
optimizationmethodswereproposedandapplied.Nevertheless,animprovementinoptimaloperation
thatovercomestheshortcomingsofreservoirsystemswasachieved.Thelinearprogrammingwas
firstlyappliedbyHiew,LabadieandScott(1989)totheeight-reservoirColorado-BigThompson
(C-BT)projectinnorthernColorado.Inaddition,Trezos(1991)extendedlinearprogrammingto
binary,integer,andmixed-integerprogramminginordertodealwithhighlynonlinear,non-convex
termsintheobjectivefunctionandconstraints.

Besideslinearprogramming,adynamicprogramming(DP)proposedbyBellman(1956)
has been the most popular optimization method since it was applied by Young (1967) to a
single-reservoiroperationalproblem.Namely,DPcanhandlethenonlinearityandnon-convexity
easily,thus,itrepresentsapowerfultoolinreservoiroperationoptimization.Nevertheless,in
multi-reservoirsystemoptimization,“thecurseofdimensionality”causesproblems,andasthe
scaleofproblemsincreases,thecomputationalandmemoryrequirementsgrowrapidly,which
furthermakesoptimizationscarcelypossibletoobtain.Withtheaimtodealwiththisproblem,
theimprovedalgorithmsbasedonDP,suchasincrementaldynamicprogramming(IDP)(Zhou,
2014),dynamicprogrammingsuccessiveapproximations(DPSA)(Larson,1970),anddiscrete
differentialdynamicprogramming(DDDP)(Heidari,1971),wereproposedandtheirefficiency
wasprovenbyexamples.

Duetodevelopmentofoperationaltheoryandcomputersciencetechnologies,anoptimaloperation
ofmulti-reservoirsystemhasbeenexpandedtowiderresearchingarea.

Evolutionaryandmetaheuristicoptimizationalgorithms,suchasgeneticalgorithm(GA)
(Proenca & Rodrigo, 1997), artificial neural networks (ANN) (Raman & Chandramouli,
1996),AntColonyOptimization(Kumar&Reddy,2006),TabuSearch(Mantawy&Hawary,
2002), differential evolution algorithm (Yuan et al, 2009), particle swarm optimization
(Afshar, Kazemi, & Saadatpour, 2011; Afshar, 2012), imperialist competitive algorithm
(ICA),andcuckoooptimizationalgorithm(COA)(Hosseini-Moghari,Morovati,Moghadas,
&Araghinejad,2015),wereappliedtotheoptimaloperationofmulti-reservoirsystemswith
satisfactoryresults.

Thewater cyclealgorithm (WCA)presented in thispaper is anewmetaheuristic algorithm
introduced by Eskandar et al (2012). Nowadays, this algorithm is used to solve constrained
engineeringoptimizationproblems. In thepaperofHaddad,MoraejandLoáiciga(2015), itwas
shownthatWCAhastheabilityoffindtheoptimalsolutionandthatitconvergesfast.Duetoeasy
applicationandeffectiveoptimizationabilities,WCAwassuccessfullyappliedtomanyfields,such
asoperationoptimizationofreservoirsystems,antennaarraysynthesis(Guney&Basbug,2015),
weightoptimizationoftrussstructures(Eskandar,Sadollah,&Bahreininejad,2013),etc.Since,WCA
representsanewintelligentalgorithm;manyresearchersstudyitinordertoimprovethecomputing
performance(Sadollah,Eskandar,Bahreininejad,&Kim,2015;Sadollah,Eskandar,&Kim,2015;
Luo,Wen,Qiao,&Zhou,2016).

Thepaperisorganizedasfollows.Firstly,theoriginWCAandproposedWCAimprovements
areexplainedindetail.Then,thestudyareaisdescribed,andamonthlymodelofmulti-reservoir
systemispresented.Meanwhile,theproblemformulationandconstraintprocessingareintroduced;
theenhancedWCA(EWCA)isappliedtothemulti-reservoirsystemmodelandEWCAefficiencyis
comparedwithefficacyofWCAandwatercyclealgorithmwithevaporationrate(ER-WCA).Lastly,
abriefconclusionisgiven.
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