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ABSTRACT

Inordertoguaranteethepowergridoperationunderthepremiseofreliabilityandstability,acquire
relativeeconomicinvestmentandoperatingcost,andadaptabletoallkindsofchangeflexibly,this
articleimprovesthetraditionalgenericalgorithmbyconsideringthevariousobjectivefunctionand
constraintcondition.Theimprovedalgorithmcansearchandoptimizeaccordingtomechanismfor
thesurvivalofthefittest.Itisespeciallysuitedfortheoptimizationsolutionofintegervariables.
Theapplicationofthealgorithmproposedtofifteennodessystemofacertaincityandcomparative
experimentsshowthatthealgorithmhasfastconvergencespeedandoptimizingresult.Acomparative
analysisoftheoptimizingprojectusingimprovedgenericalgorithmandcomputationalresultusing
engineeringcomputationalmethodinpracticalgridplanningyieldthesameresults,thisshowsthat
theimprovedalgorithmhasbetteradaptability.
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INTROdUCTION

Gridplanningcanoptimizenetworkstructure,determinethedirectionofinvestment,reducenetwork
runningcostand improve theefficiencyofelectricity transmission,distributionandusing in the
wholesociety,whichhasaconsiderablesocialandeconomicsignificance(Wang&Wang,2015;
Zhang&Yu,2011).Basedoncurrentstudy,thefocusofgridplanningistolookforanoptimized
networkstructurefromthewhole,whichincludesgeneticalgorithm,immunealgorithm,tabusearch
algorithm,particleswarmoptimization,antcolonyalgorithm,simulatedannealingalgorithmetc.
(Liang&Zhang,1998;Jiang,2006;Ge,Liu,&Yu,2004;Chen&Chen,2005;Huan&Huang,2008;
Wang,Zhang,Shu,&Wang,2011).Geneticalgorithmcanprocessanyformofobjectivefunctionand
restriction,whichhasstronguniversality,internalparallelismandstrongerglobalsearchingability.
Rouletteselectionmethodisadoptedtochoosecrossoverparentalbodiesinconventionalgenetic
algorithm,whichcannotreflectindividualcompetitivenessandrealizethesurvivalofthefittestofthe
geneticalgorithm.Althoughtraditionalgeneticalgorithmcanconvergetogloballyoptimalsolution
theoretically,itstillhastheproblemsofprematureconvergence,convergencetolocaloptimalsolution
andlowconvergencespeedinpracticalapplication(He,Zhu,&Luo,2011;Wang,Gao,&Li,2013).

The large-scale integration of renewable energy has radically changed the basic form and
operationalcharacteristicsofpowersystem.Inordertoensurereliableoperationofpowersystem
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andpromotecapacityofrenewableenergyconsumption,itisofgreatimportancetoevaluatethe
adaptabilityofpowersystemtostrongvolatilityanduncertaintyofrenewableenergyattheinitial
stageofpowersystemplanning.Thepaperconsiderthattheadaptabilityofpowersystemisdifficultto
quantify,anditanalysesthecharacteristicsandactualoperationsateofthehigh-penetrationrenewable
energysystemandproposesan indexseriesofgrid-structureandgenerator-capacityadaptability
basesonoperationsafety,efficiency,stabilityandsupplyanddemandcoordination.Onthebasisof
theadaptabilityindexes,agrid-sourcecoordinatedtransmissionmulti-objectiveplanningmodelis
putforward.Finally,thesimulationofGaver-18bussystemshowsthefeasibilityandeffectiveness
oftheadaptabilityindexesandplanningmodel(Fan,Li,&Liu,2018).

Thedistributedgenerationspreadrapidly,thestudyofthedistributednetworkplanningwith
distributedgenerationisalsoincreasing.Basedonmodelofmicro-gridsystem,thestudyestablished
themodelofsubstationlocatingandsizingandnetworkplanningrespectively.Theforegoingmulti-
objectivenonlinearmodelsaresolvedbyusingtheimprovedparticleswarmalgorithm.Inaddition,
IEEE50-nodeexampleisusedtoverifythattheproposedmodelisinfavorofimprovingthereliability
andeconomyofthesystem.Anditisgoodforstructureofnetwork(Yang,Zhou,&Xia,2018).

Thepaperproposesamethodoftransmissionnetworkexpansionplanningbasedonimproved
quantumgeneticalgorithm(Zhou,Lin,&Wen,2012).Onthebasisofthequantumgeneticalgorithm,
themethodproposedastrategythatthequantumchromosomesaredirectlycomparedwiththecurrent
bestsolutiontodeterminerotatingangleoftherotatingrate.Thisimprovedstrategyistargetedand
caneffectivelyimprovetheconvergencefunctionofquantumgeneticalgorithmintheplanningfor
transmissionnetwork.

Inthispaper,itispresentedthattheimprovedgeneticalgorithmisanewoptimizationforpower
networkplanning,whichisdifferentfromthetraditionalgeneticalgorithm.Itprocessesresearching
andoptimizingwhichbasedon theprincipleofsurvivalof the fittestandcanconsiderdifferent
kindsofobjectivefunctionandconstraintconditions,especiallysuitableforoptimizationproblems
ofintegertypeofvariable.Inmathematics,powernetworkplanningisbelongingtoacomplicated
multi-decisionvariableandmulti-constrainconditionoptimizedproblem,whosecharacterincludes
integer,nonlinear,multi-objective,dynamicsanduncertainty,etc.Thisgeneticalgorithm,focusing
on power network planning’s characters, makes full advantages of easy coding technique and
evolutionarymechanismtoabstractplanningproblemsintomathematicalproblems,whichiseasyto
buildmathematicalmodels.Simultaneously,itcanprocessintegervariableandcontinuousvariable,
namelyinteger,nonlinearvariable.Specificmethodswillbeanalyzedanddetailed in thispaper.
Thisalgorithmdoesnotneeddecompositionprocessingtobulkpowergridplanningproblemsand
letthenetworkoperates’calculatingresultsconsiderintoevaluationvalues,thusitavoidserrorsof
decompositionorlinearandimprovessignificantlytheaccuracyofanalyzingproblemswithgenetic
algorithm.Thisimprovedgeneticalgorithmcanrapidlyconvergetotheoptimizedresultstoaccomplish
evolutionbysimpleoperation.

Distribution network reconfiguration (DNR) is an important measure to optimize radial
powerdistributionsystems(RDS)andakeyresearchonautomaticoperation.Thisstudypresents
anoptimizationmethod thatcombinessimultaneously the reliabilityand theefficiencyof radial
powerdistributionsystems(RDS),minimizingactiveenergylosses,throughaprocessofnetwork
reconfigurations.The study isbasedon the failureanalysisonnetworkbranches,witha special
concernregardingtheprotectionsystemresponsetofaultsandtheservicerestorationprocedures,
duringtheemergencystate.ThemethodanalysestheRDSconsideringinafirststep,theabsence
ofinvestment,andinasecondstep,thepossibilityofplacingalimitednumberofnewtie-switches
incertainbranches,accordingtothedefinitionsmadebyadecisionmaker.Theeffectivenessofthe
proposedmethodologyisdemonstratedthatthroughtheanalysisofa69busRDSandbycomparison
againstotherreportedmethodologies(Vitorinoa&Jorgeb,2013).
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THe MATHeMATICAL MOdeL OF POweR NeTwORK PLANNING

When power network model is set up with newly-built circuit as planning variable, simulative
networkneedtousedcpowerflowequation.Objectivefunctionissetupastheminimumvalueof
thecombinationoftheannualinvestmentofnewly-builtcircuitandsystemoperatingcost,which
includes integer constrain of every newly-built circuit and many constraint conditions when the
systemoperatenormallyandunderthe‘N-1’accident.N-1accidentisasituation,whichhasspecial
constrainconditions,showsinform(4)andform(5).Thesixmathematicalexpressionscanbeadopted
todescribethemathematicalmodelofcitypowernetworkplanning.

Thismodelusesnewly-builtcircuitasplanningvariable,whiletheeconomyonlyconsiderthe
buildinginvestmentofthecircuit.Form(1)canbeusedtocalculatetheannualfeewiththeminimum
annualinvestmentofnewly-builtcircuit:

min F k k c x k r Pj j
j

j j
jj

= +( ) +
∈ ∈
∑ ∑1 2 3

2

2Ω Ω

 (1)

In the form: F is theannual fee (ten thousandsyuan); k
1
is thecapital recovery factor; k

2
is

engineeringfixedoperatingrat; k
3

isannual transmission losescost rate; c j is the investmentof
expandingonenewly-builtcircuit insub-circuit j  (ten thousandyuan); x j is the loopnumberof
newly-builtcircuitinsub-circuit j ; rj istheresistorofsub-circuit j ; Pj istheactivepowerofsub-
circuittransmissionunderthenormalcondition(MW).

Form(2)isamatrixequation,showinghowtocalculateloadpowerwithphaseangleofelectrical
susceptanceandpowergridnodevoltageundernormalcondition:

B P PG Lδ + =  (2)

Inform B showsthepowergridnodeelectricalsusceptancematrixundernormalcondition;δ
ispowergridnodevoltagephaseanglecolumnvectorundernormalcondition;PG isnodeinputpower
columnvector; PL isnodeloadpowercolumnvector.

Form(3)istheconstrainconditionofpowernetworkundernormalcondition:

A ZPδ ≤
max

 (3)

A isnodesub-circuitincidencematrix;Z isdiagonalmatrixconsistingofelectricalsusceptance
valueineverysub-circuitinthenetwork; P

max
isthemaximumtransmissionpowercolumnvector

inpowernetworkwithoutbackcircuit.
Form(4)isamatrixequation,usingelectricalsusceptanceafterswitchingcircuitoffandpower

networknodevoltagephaseangletosolveloadpower:

B P P l Nl l G L Lδ + = = ⋅ ⋅ ⋅, , ,1 2  (4)

Bl isnodeelectricalsusceptancematrixofpowernetworkcircuit l afterswitchingoff; δl is
nodevoltagephaseangelcolumnvectorinpowernetworkcircuitafterswitchingoff.

Form(5)isconstrainconditionundertheconditionofpowernetworkbreakdown:
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A C ZP l Nl Lδ ε≤ = ⋅ ⋅ ⋅
max
, , , ,  1 2  (5)

Cε isthecircuitallowingoverloadratecolumnvectorundercircumstanceof‘N-1’; P
max

isthe
linenumberoflimitingvaluesofsub-circuitjallowingnewly-builtcircuit.

Becauseactivelossofcircuitisthequadraticfunctionofcircuittransmissionpower,objective
functionisnon-linear.Underthenormalpowernetworkcondition,andtheconstrainconditionsare
form(2)and(3);underthe‘N-1’accidentcondition,theconstraintconditionsareform(4)and(5),
ofwhichform(2)and(4)belongtonon-linearconstrain.So,thismodelisanon-linearmixedinteger
planningmodelwhichhasbothcontinuousvariablesanddiscretevariables.

THe deTeeRMINATION OF FITNeSS FUNCTION

Thefitnessfunctionformulatestheminimumvaluesumsoftheannualbuildinvestmentandannual
systeminvestmentofplanningscheme.Meanwhile,italsoformulatestheobjectivesandrequirements
ofcitypowernetworkplanning.Ontheotherside,fitnessfunctionsvalueisanimportantbasisfor
genetic algorithmwhichguiding the searchingdirection. In the condition,whichguarantees the
valueisnotnegative,requirestheoptimizeddirectionofobjectivefunctionshouldcorresponding
totheincreaseddirectionoffitnessfunctionvalue.Accordingtothisprinciplecanconstructfitness
functionlikeform(7)andform(8):

F
F f f F

f F
=

− ≤






0 0

0
0 �

 (7)
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F isfitnessfunction; f isobjectivefunction;ispenaltycoefficient;W isnetworkoverload
energy(MW); F

0
isgivenlargeconstant.

OBJeCTIVe FUNCTION

Becauseitneedstoconsidertheminimumannualfeeofcircuitbuildinvestmentcostandoperation
costasobjectivefunctiontodonetworkplan,showsinform(9):
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X isthewholecircuitbuildinvestmentcostinthismodel(withoutconsideringconstruction
years),Aisthenumbert-yearofoperationcostinthemodel.Whensetlevelyearasobjective,setting
theservicelifeofelectricalequipmentis25yearsanddiscountrateiis0.1.Intheeconomyservice
life,everyyearoperationcostisequal,soform(9)changesto:

min . .NF X A= +0 11 1 1  (10)
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Alreadybuiltcircuitonlyneedtocalculateannualoperationcost,whilenewly-builtcircuitnot
onlyneedtocalculateannualoperationcost,butalsoneedtocalculateinvestcapital.Investcapital
canbeshownasform(9),settingthelengthofcircuitjis Lj ,perunitlengthofpackageinvestment
isα j ,sotheamount X j canbeshownas:

X Lj j j= α  (11)

Thealreadyknowncircuitannualcostisshownasform(12):

C H L
C L

U
Pj j j j

j j

N j
j= +α

γ τ

λ
0

2 2

2  (12)

H j isthepercentageofmaintain,depreciationcostandsoonintheinvestment;C
0
istheprice

ofelectricalenergyloss;τ isthemaximumlosstimeofload; γ j istheresistorofunitwirelength;
Pj isactivepowerflowspassthecircuit;UN isthenominalvoltageofthecircuit;λ j

2 isthesquare
oftheloadpowercoefficient.

Basingontheformsabove,form(10)canbetransformedintoform(13):

min . . .
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D D D
1 2 3
, , isthesumofnewly-built,alreadyhadwholecircuit; K K K

1 2 3
, , isconstants; θ j is

coefficient.
Afterconsideringtheconstrainconditions,themodelofargumentationfunctionofminimum

objectivefunctionofbuildingcostandoperationcostcanbeshownasform(14):

F NF C Rg p= + ∑  (14)

IntheformNFistheannualcostoftheproject,Cg ispenaltycoefficient, Rp istheconstrain
conditionoftheproject.

CONSTRAIN CONdITION

Constrainconditionsonlyconsiderpowerflow,circuittransmissioncapacityoverloadandvoltage
constrain condition. After setting objective function, route selection j is chosen to consider the
constrainconditionsbelow:

• Powerflowconstrain
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B P D t Tt t t= =( )     1 2, ,...  (15)

Bt isnodeactiveinjectionandcircuitflowactiveincidencematrixintimeperiodt; Pt isthe
circuitflowactivepowerintimeperiodt;isnodeinjectionactivepowerintimeperiodt.

• Capacityconstrain

P Plk lk≤
,max

 (16)

Plk,max isthepowerflowlimitingvalueofsub-circuit k , k D∈
3
.

• Voltagedropconstrain

V V Vi i i,min ,max
≤ ≤  (17)

V V Vi i i,max ,min
, , arethevoltageofupper,lowerlimitandnormaloperation,respectively. Nb is

thenumberofnode.

ReLATIONSHIP BeTweeN OBJeCTIVe FUNCTION 
ANd CONSTRAIN CONdITION

Thedeterminationoftheobjectivefunctionisdeterminedaccordingtothevariousdemandofthepower
gridplanningthisarticlefromtheperspectiveofeconomy(Zhao&Geng,2011;Bao&Yin,2002;
Ye&Shan,2000),sotheobjectivefunctionwithinvestmentcostandoperationcostoftheminimum
asthetargettodetermine,theobjectivefunctionformulaasshowninform(9),intheactualpower
gridplanning,theoperationofthepowergridunderdifferentconditionsofconstraints,soweneed
tosetconstrainconditionsaccordingtotheactualoperationsituation,delimittheconstraintregion,
theconstraintconditionsforactualpowergridoperationinthelimitedarea,basedonthebasicof
thebasicrequirementsofpowergridplanning,consideronlyflow,capacityandvoltageconditions,
suchasform(15),(16)and(17),Basedontheaboveconsiderations,thefinalpowergridplanning
notonlymeetstheactualoperatingconditionsofthepowergrid,butalsohasthelowestoperating
cost,soastotrulyrealizetheoptimizationofpowergridplanningfromallaspects(Zheng&Yang,
2014;Zhao&Geng,2011;Wang,2003).

IMPROVed GeNeTIC ALGORITHM OF SOLUTION 
PROCeSS IN POweR NeTwORK PLANNING

Improvedgeneticalgorithmmustbeequippedwithconditions:

• definereasonablefitnessfunction;
• setupeffectiveobjectivefunction;
• correspondtorelevantconstraincondition.
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Basingonthiscanimprovethegeneticalgorithm(Asakura,Genji,&Yura,2013;Binato,Pereira,
&Granville,2001;Li,Zhang,&Yan,2011).First,generatingrandomlyN×nsamples;thendividing
themintoNsubgroups,eachsubgroupcontainsnsamplesandoperatingeachgeneticalgorithm
independentlytoeverysubgroup.ItwouldbebetterfortheseNgeneticalgorithmstohavesignificant
differencesinsetfeature,whichcanproducemorekindsofgoodmodelsforfuturehigh-levelgenetic
algorithm.Thechoicesofcrossoverprobability Pc andmutationprobability Pm intheparameters
ofgeneticalgorithmisthekeytoaffectingbehaviorsandcharacteristicsofit,whichcaninfluence
theastringencyofalgorithmdirectly.Thebigger Pc  is, thehigherspeedofproducingnewunit.
However, theprobabilityofbreakinggeneticpatternwouldbehigher if Pc  is too large,causing
highly-adaptedunitresultbrokensoon.ButifPc istoosmall,thesearchingprocedurewouldbeslow
andalways standstill (Huang,Liu,&Wang,2018;Zhang&Hu,2011;Orfanos,Geogilakis,&
Hatziargyriou,2013).FormutationprobabilityPm ,ifPm istoosmall,itwouldnotbeeasytoproduce
newunit. If Pm  is toobig, then thegenetic algorithm wouldbecome random search algorithm.
Improvedproceduremusthavesomemethods,aimingattheproblemofdescribingpowernetwork
planningasanon-linearmixintegerplanning(Rouhani,Hosseini,&Raofat,2014;Lu,Huang,&
Shan,2017;Vitorinoa&Jorgeb,2013).Thedetailedmethodsaredescribedbelow:

• Originaldataareformedinput,thedataincludelineparameter,networktopology,poweroutput
andloadofeachnode.Geneticalgorithmalsoneedmanyparameters,suchasthenumberof
populationNYC ,crossoverprobabilityPc ,mutationprobabilityPm ,parameterk k

1 2
, ,thebiggest

iterationT
max

andconvergencecriterion ξ ,etc.
• Choosingbinarycodingtocodechromosomeandformintochromosomecolony(Zhou&Xu,

2011;Gu,Mccalley,&Ni,2012;Shi,Wang,&Wu,2017;Cheng,Li,&Wang,2017).Thelength
ofchromosomeisthenumberofselectivenewly-builtcircuit,eachchromosomerepresentsa
scheme.Thennaturalorderingeachselectivenewly-builtcircuitaccordingto thenumberof
bothendsnodeinthecircuit,basingontheordercanchooseeachselectivenewly-builtcircuit
asthegeneonchromosome.Usingbinarycodingtoshoweverygene,whengenis0,itmeans
theselectivenewly-builtcircuitisnotchosentojointhenetwork;Whengeneis1,itmeansthe
relevantselectivenewly-builtcircuitischosentojointhisnetwork(Bi,Yang,&Wang,2010;
Liu,Zhao,&Su,2008).

• BeforecalculatingDCpowerflowandfitnessfunctionincitypowernetwork,everychromosome
shouldbeprocessedconnectivitytestand‘N-1’accidentcheck.

• Executinggeneticmanipulation.Doingselectandinterlaceoperationstoeverychromosomein
thisgeneration.

• Executingmutationoperation.Coupledmutationshouldbedoinginthecitynetworkplanning.
• 10%-15%ofthenumberofthischromosomecolony.Thosereservedfinevarietiesarechosen

thegenewithbiggestvaluesoffitnessfunctionfromparentpopulation,andthesefinevarieties
willinherittonextgenerationdirectly,thenitbecomesanewgenerationofchromosomeafter
randomchoose,interlaceandmutationoperations.

• Constringentjudgments.Judgingwhetherconstringingornotcanbaseongivenbiggestnumber
ofgeneticgeneration,alsocanbaseonthefrequencyofoccurrenceofoptimalscheme.Atthe
sametime,convergencecriterioncanalsobejudgedaccordingtorangeofvariationinfitness
functionaveragevaluesofadjacenttwogenerations.Ifconvergence,doingoperation(8)directly;
ifnot,convergencethenturningto(3).

• Outputthecalculationresultofgeneticalgorithminprogrammingandnetworkoptimization.
Outputthechromosomeofseveralgroupswithcalculatedthebiggestvaluesoffitnessfunction,
restoring into therealisticplanningschemeofcitypowernetworkplanning.Andoutput the
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annualinvestmentoffinalschemeandoperatingcostandothereconomyindexes(Wang,2012;
Ding&Xu,2007).

The flowchart of random topological tree typeof searchinggenerates thegroupof original
solutionsisdescribedasFigure1.

InFigure1, n isthenumberofchromosome, d isthenumberofnode,α j j n( )= −1 isthe
j originalchromosomegenerated,whoseeverydimensiongenerepresentsthenumberofstringing

inthecorrespondingcorridor.Theworkingstepofthewholeflowchartisdecomposedasbelow:

• initializethelineswaitedtobeselected,whichis j = 0
• judgeif j isbiggerthann.Ifso,thenendtheprocedure;ifnot,thengotonextstep.
• Initializethechromosomeα j andnodesearchingsign F i( ) tozero.
• randomlysearchastartnode F k( )= 1
• recordthesetofplanninglineswaitedtobeselectedasCn ,andruntheinitialization.
• getallthesignsamongthebeginningandtheendandfindoutthecorridorwhosesearchsign

hasonlyonezero,thenputitintoCn .
• randomlyselectanexpandingrouteinCn ;judgetheselectedcorridor,ifCn iszero,thenrepeat

step2;ifnot,thengotonextstep.
• reset thesearchsignof thosenodeswhosesearchsign iszero in theeitherendsofselected

corridornodesas1;repeatthesearchingprocessuntilallthecorridorsetCn waitedtobeselected
thatcanbefoundisnullset.

The improved genetic algorithm, whose crossover probability and mutation probability can
automatically change with fitness, in this paper is pointing at the disadvantages of this genetic
algorithm.Thismethodcanchoosetheoptimalcrossoverprobabilityandmutationprobabilityofa
certainsolution.Theself-adaptedgeneticalgorithmcannotonlymaintainthediversityofgroups,
butalsoensureconvergenceofgeneticalgorithm.Theself-adaptionshouldincludetwolevelofself-
adaptions.Oneistheself-adaptedadjustmentofcrossoverprobabilityandmutationprobability,the
otheristheself-adaptedadjustmentofcrossandmutantoperator.Fromtheperspectiveofthewhole
evolution procedure of group, the sumof crossover probability andmutationprobability should
proceedself-adaptedchangebasedontheextentofgroupdiversity.Itwillriseaccordinglywhenthe
groupdiversitydeclinesandhasthetrendtostickinlocallyoptimalsolution.Itwilldropswhengroup
divergeinsolutionspaceandgroupdiversityishigher,butitisamongthedifferentindividualityina
certaingroup(Zeng,Liu,&Li,2015;Wu,Sun,&Qiao,2017;Liu,Chen,&Liu,2015;Fang,Yang,
&Ma,2013).Theimprovedgeneticalgorithmhasthefollowingsignificantcharacterscompared
withtraditionalbasicgeneticalgorithm:

• Ithasstrongself-adjustfunction,whichcanincreasetheabilityoflocalsearching.
• Ithasimmunememoryfunction,whichcanincreasesearchingspeed,avoidvibrationandensure

convergingtothegloballyoptimalsolutionquickly.
• Ithasthediversitymaintainingfunctionofantibody,whichcanimprovethegloballysearching

ability,avoidimmatureconvergenceandreachthebestanswer.

CASe ANALySIS

Inorder to testifywhether the improvedgeneticalgorithmcanget theoptimizedpowernetwork
planningexpandmapthroughmultiplecalculationbasedonsatisfyingN-1safety,thepaperwilluse
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Figure 1. The searching flowchart of random topology tree
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thepowernetworkinXcounty,FuzhouCity,JiangxiProvince,astestcase.Figure2representsthe
network nodes and routes waited to be selected based on the actual power network geographic
connection.Thesystemhas11nodes,9routesnow,anditthefutureitwillgrowto15nodes.Inthis
case,thereare18corridorsexistingnewly-addedroutes,whichmeansthelengthofchromosomeis
18.Settheregionofchromosome n = 100 ,crossoverprobability Pc = 0 5. ,mutationprobability
Pm = 0 5. ,thresholdvalueC

0
51 3 10= ×. .Itisassumedthattheconstructionexpenseperunitlength

isthesameindifferentroutes,thentheexpensecanbereplacedbythelengthofroutesinthecalculation
(Lu&Huang,2010;Yang,Zhao,&Yang,2004;Ding,Wang,&Zhang,2016;Shu,Sun,&Si,2002).

Thechangecurveofmaximumfitnessandaveragefitnessofthechromosomeregioniniterative
process.Fromthechangecurveofaveragefitness,itcanbeseenthattheimprovedalgorithmcurve
changegently,whichmeans the improvedalgorithmhasstrongself-adjustment function,and its
searchingabilityalsoimproves.Fromthechangecurveofmaximumfitness,itcanbeseenthatthe
improvecurvedoesnotvibrateandconvergesquickly,whichmeansthattheimprovedalgorithmcan
accelerateconvergingspeed,avoidvibrationandensureconvergingtothegloballyoptimalsolution
soon(Du&Dong,2018;Chen,Huang,&Ye,2017;Liu,Yu,&Wang,2018;Zhang,Hu,&Zhou,
2016).Itcanbefoundfromtheresultthattheconstantriseofmaximumadaptedfunctionvalueinthe
iterationprocessisduetothereasonthatitremainsthebestbreed.Figures3and4showthechange
curveofaverageandmaximalfitness.

Itcanbefound,fromthecurveofconvergenceprocessinFigure5,thatthecalculationprocess
hasstrongvibrationbeforethegeneticalgorithmisimproved.Andbecauseofthevibration,itwould
takealongtimetogettheoptimal,andtheresultmaydeviatefromtheactualvalue.Theimproved
geneticalgorithmcanstopvibratingquickly,convergefastandreacharesultsimilartotheactual
valueverysoon.Theimprovedgeneticalgorithmcanconvergetooptimalquickly,whiletraditional
geneticalgorithmwillcausevibrationduringcalculationandfinallyreachlocallyoptimalsolution.
ItscurveofconvergenceprocessisshowninFigure5.

Figure 2. The diagram of network path with eleven nodes
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Becauseofthereservationofbestbreed(Liu,Cai,&Zhang,2015),themaximumfitnessfunction
valuekeepsincreasingintheiterationprocess.Theaveragefitnesslevelofgroupalsoshowsarising
trend, but it declinespartially, and the reason is that genetic algorithmmayproduce somepoor
packageswhenitexpandsitssolutionroom.Thesepackageswillevolveoreliminatequicklyduring
thegeneticprocess.Theoptimizedschemevibrated,afterapplyingtheimprovedgeneticalgorithm
programintothesystem,deletes9routeswaitedtobeselectedandremains9routeswaitedtobe
selected.Theseroutesandtheoriginalroutesarecombinedtoformthenewpowernetworkinx
county,FuzhouCity.ItisshowninFigure6.

Fromtheeventualnetworkstructurecalculation,theoptimizedschemeisthesamewiththeresult
fromengineeringreductionmethod,alsoknownasgradually-decreasingmethod,usedintheactual
powernetworkplanning.Themethodcannotonlyreachtheoptimalofplanningtheoretically,but
alsobeappliedintheactualpowernetworkplanning.

CONCLUSION

This paper proposes a new genetic algorithm by considering the various objective function and
constraintcondition,whichcansearchandoptimizeaccordingtomechanismforthesurvivalofthe
fittest.andthen,thestudycaseoperatesanexperimentbyusingtheimprovedgeneticalgorithm,the
resultshowsthatthenewalgorithmhasfasterconvergencespeedandoptimalizingresult.Finally,the
newgeneticalgorithmcanadapttopracticalgridplanningyieldwell,becausecomparativeanalysisof
theoptimalizingprojectusingimprovedgenericalgorithmandcomputationalresultusingengineering
computationalmethodinpracticalgridplanningyieldthesameresult,thisgivetheinformationthat
theimprovedalgorithmhasbetteradaptability.

Geneticalgorithmisanartificialintelligencemethodandalsostructuredalgorithm,especially
suitingforoptimizationsolutionofintegervariable,whichisanewapproachtosolvetheproblemof

Figure 3. The change curve of average fitness
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optimizingpowertransmissionnetwork.Basingoncitypowernetworkplanningmodelofimproved
genetic algorithm, itnotonlyconsiders satisfying thedemandofpower loadand safeoperation
constrainconditions,butalsoconsiders‘N-1’accidentdetection,whichmakestheplanningscheme
more reasonable. Using improved genetic algorithm to solve the problem of optimizing power
transmissionnetworkcansolve theproblemofonly reaching locallyoptimal solution insteadof
globallyoptimalsolution.Throughpracticalplanverification,improvedgeneticalgorithmisusedto
planpowernetworkinthispaper,andthecompiledprogramisfeasibleandhasbettereffect.

Figure 4. The change curve of maximal fitness
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Figure 5. The curve of convergence process
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Figure 6. The planning map of fifteen nodes system under the improved genetic algorithm
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