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Abstract:[Purposes]Thelocationandcapacitydeterminationofhighwaychargingstationsareofgreatsignificanceforthe

applicationandpromotionofelectricvehicles.[Methods]Aimingattheproblemofcapacityselectionandlocationof
highwaychargingstations,theaverageadaptationrateofchargingstations,thatis,thedegreeofmatchingbetweenthe

chargingdemandofelectricvehiclesandthecurrenttotalcapacityofchargingstations,isintroduced.Anew multi-
objectiveoptimizationmodelisestablishedwithobjectivesofminimizingtheconstructioncostofchargingstationsand
maximizingtheaverageadaptationrateofchargingstations.[Findings]Themulti-objectiveoptimizationmodelistestedby
theNSGA-IIalgorithm,andthevalidityofthemodelisverified.Inaddition,itfurtherstudiestheimpactofthenumberof

travellingvehicles,thepowerofthechargingpile,andthecruisingrangeontheconstructioncostandadaptationrateof
thechargingstation.[Conclusions]Theresultsofnumericalexperimentsshowthat:themulti-objectiveoptimization

methodproposedinthispapercangethigherutilizationrateandlowerconstructioncostofchargingstation,which

providesamorescientificandreasonablereferencefortheproblemoflocationandcapacitydeterminationofcharging
station.
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Withthechangeoftechnology,newenergyvehicleshavereceivedmoreandmoreattentionfromthewhole
society.Comparedwithhybridvehicles,pureelectricvehiclesaremoreinlinewithpeople’seconomicand
environmentalconceptoflife.However,duetothelimitationofbatterytechnology,today’selectricvehicles
stillnotenoughforlong-distancedriving,whichmakeselectricvehiclesnotfullyaccepted.Therefore,the
researchontheoptimallocationandcapacitydeterminationofthechargingstationisofgreatsignificanceto
overcometheshortcomingsoftheelectricvehiclewithtooshortendurancemileage,reducetheconstruction
costofthechargingstation,improvetheutilizationrateofthechargingstation,andrealizethereasonable
allocationofresources.

Atpresent,theresearchonthelocationandcapacitydeterminationofchargingstationsmainlyfocuseson
thelocationandcapacitydeterminationofelectricvehiclechargingstationsincities.Lametal.[1]provedthat
theplanningproblemofEVchargingstationisNPhard.Foursolutionswereproposedandtheireffectsin
varioussimulationexamplesandpracticalapplicationsareevaluated.Zhuetal.[2]aimedatminimizingthetotal
costoftravelfromthechargingstationtothedestinationofthetravelerandminimizingtheconstructioncostof
thechargingstation,proposedanoptimizationmodelforthelocationofelectricvehiclechargingstationsinthe
city,anddesignedalgorithmforsolvingthemodelbasedonthegeneAlgorithm.Luoetal.[3]consideredthe
chargingsystemcomposedofavarietyofchargingfacilitiesandproposedanewoptimizationmodeltominimize
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theannualsocialcostoftheentireEVchargingsystem.Itistransformedintomixedintegersecond-ordercone
programming,andtheurbanbusrouteiscalculatedasanexample.Inviewofthefactthatdriversmaydetour
duetotrafficjamsandothersituations,Yangetal.[4]putforwardaclosurelocationmodelbasedonservice
radius,aimingatthemaximumsumoftemporarydemandandfixeddemanduserflow.Theinternalroadsof
thecityarerelativelydense,andthedrivingdistanceofvehiclesisrelativelyshort.Theabovemodelcannot
describethelocationofchargingstationontheintercityexpresswaywell.

Atpresent,mostofthechargingstationshavebeenbuiltinurbanareas,asmallnumberofthemare
distributedonhighways.Whenelectricvehiclestravelinmediumandlongdistance,theywillfacetheproblem
ofinsufficientenduranceanddifficultcharging.Chungetal.[5]establishedamulti-cycleoptimizationmodel
basedontheflow-refuelingsiteselectionmodelforchargingstationsiteplanning,andconductedacasestudy
basedontheactualtrafficflowdataoftheKoreanhighwaynetworkin2011.However,thepaperonlystudies
asingleroadanddoesnotconsidercomplexroadnetworks.Lietal.[6]establishedamulti-cycleandmulti-path
chargingstationlocationmodelbasedontheextendedroadnetworktodynamicallymeetthetraveldemand
generatedbytheincreaseinthenumberofelectricvehicles.Ghamamietal.[7]proposedageneralmodelfora
singlehighwaytodeterminetheoptimallocationandcapacityofthechargingstation,andusedameta-heuristic
algorithmtosolvethemodel.Shaoetal.[8]proposedtheutilityfunctionofchargingstationcapacityand
deviationdistance,andreasonablyallocatedmultiplechargingdemandsbasedonlogitmodel.Consideringthe
constraintsofchargingstationqueuingtimeandelectricvehiclemileage,andaimingatmaximizingthetotal
utilityofusers,achargingstationlocationmodelincompetitiveenvironmentisestablished.Wangetal.[9]

Basedontheutilitytheory,thedriver’schargingstrategyisanalyzed.Accordingtothedriverassignmentrules
ofeachchargingstation,amixedintegerprogrammingmodelisestablishedtosolvetheproblem.Limetal.[10]

studiedthesiteselectionofenergysupplementstationsofnewenergyvehicles,suchashydrogen,ethanol,

electricpower,etc.,andproposedthreeheuristicalgorithmstoadapttodifferentcharacteristicsofthemodel,

andverifiestheeffectivenessofthesealgorithmsincomplexproblems.Theabovemodelsareallsingle
objectiveoptimization models.Thelocationandcapacityofthechargingstationneedtoconsiderthe
constructioncost,thescopeofthestation’sinfluence,thenumberofvehiclesthatcanbeserved,theresource
utilizationrate,andtheprofitrate.Itisessentiallyamulti-objectiveoptimizationproblem.

Inrecentyears,multi-objectiveoptimizationmodelshavebeenwidelyusedinthefieldsofinvestment
portfolio,resourcemanagement,environmentalprotection,engineeringconstruction,andtransportation.
Mengetal.[11]establishedamulti-objectiveoptimizationmodelforhighwayrampmetering.Wangetal.[12]

establisheda multi-objectiveoptimization modelwiththegoalof maximizingcumulativeattractionand
minimizingcumulativedistanceforthelocationproblem,andproposedaneffectivealgorithm.Marcenaro-
Gutierrezetal.[13]studiedthesatisfaction oflabor market workersbyestablishinga multi-objective
optimizationmodel,andprovidedadecisionreferenceforlabormarketmanagement.Xidonasetal.[14]

establishedanewmulti-objectiveoptimizationmodelforportfolioproblemsbyincorporatingfuturereturnsinto
thecurrentinvestmentdecision-makingprocess.However,atpresent,few studiesuse multi-objective
optimizationmodeltostudythelocationandcapacitydeterminationproblemsofhighwaychargingstations.

Notethatthemodelproposedinreference[6]onlyconsideredthelocationofchargingstations,and
consideredthecapacityofeachchargingstationtobeinfinite.However,thereareimportantdifferencesin
termsofconstructioncost,chargingstationutilization,numberofserviceablevehicles,andvehiclequeuing
timefordifferentcapacitychargingstations.Therefore,whenplanningthechargingstation,thelocationand
capacityofthechargingstationshouldbeconsideredatthesametime.Whendeterminingthetotalserviceof
eachchargingstation,thisarticleanalyzeswhetherthevehicleentersthechargingstationornot,andhow
muchthebatteryischargedaccordingtotheremaining mileageofthevehicleatthechargingstation.
Consideringthatwhendeterminingthecapacityofthechargingstation,itshouldcorrespondasmuchas
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possibletothetotalamountofservicescurrentlyrequired.Excessiveconstructionofthechargingstationwill
leadtowasteofresources,andinsufficientcapacityofthechargingstationwillalsoleadtocongestionofthe
chargingstation.Thispaperproposesthecapacityadaptationdegreeofthechargingstationandregardsitas
oneoftheoptimizationgoals.Basedonthereference[6],thispaperaimsatminimizingtheconstructioncost
ofchargingstationsand maximizingthecapacityadaptability ofchargingstations.A multi-objective
optimizationmodelofchargingstationlocationandcapacitysettingbasedontheremainingvehiclemileageis
established.ThemodelwassolvedbyusingtheNSGA-IIalgorithm.Atthesametime,theinfluenceofvehicle
range,chargingpilepowerandvehiclenumberonthemodelresultsisalsostudiedinthispaper.

1Questionraise
Theroadnetworkiscomposedofmultiplecities,multipleconnectedhighwaysandsomechargingstations

deployedinthem.Theelectricvehiclestartsfromonecityandpassesthroughthehighwaytoanothercity.If
endurancemileageoftheelectricvehicleislessthanthetotaltraveldistance,itneedstoenteracharging
stationforchargingduringthejourney,andthencontinuedriving.Itispossiblethatthischargingprocesswill
berepeatedmanytimes,andfinallytheelectricvehiclewillarriveatthedestinationcity.Duringthistime,

electricvehicleswillfaceseveraldecisionissues:

1)Pathselection.Thereareoftenmultipleroutesfromonecitytoanother.Firstofall,theactualroute
shouldbeselectedfrommultipleroutes.

2)Chargingstationselection.Therearemultiplechargingstationsonacertainsectionofhighway.In
ordertosuccessfullycompletethejourney,youneedtochoosethechargingstationthatwillenter.

3)Chargingchargeselection.Whenthevehicleentersthechargingstation,theamountofchargingwillbe
selectedbasedonthecurrentremainingpowerandthedistancetothenextchargingstation.

Inordertosimplifytheproblem,thispapermakesthefollowingassumptionsaboutthelocationand
capacityofthechargingstationplanning:

1)Electricvehicleswillchoosetheshortestpathbetweenthetwoplaceswhenplanningtheirroutes.Ifthe
shortestpathdoesnothaveasuitablechargingstationforelectricvehicles,theconstructionschemeofthe
chargingstationisnotfeasible.

2)Whentherearemultiplechargingstationsinacertainpath,thevehiclewillselectthefarthestcharging
stationwithintheremainingmileageinordertoreducethechargingtimesasmuchaspossible.Forexample,if
thepathofthevehicleis{o,s1,…,si,sj,…,sn,d},andthechargingstationthatcanbereachedfromthe
startingpointundertherangelimitis{s1,s2,s3},thevehiclevwillchooses3tochargeforthefirsttime.Then
startfroms3andrepeatthepreviousprocessuntilallthechargingstations{s3,…,sj}selectedtoenterare
found.

3)Whentheelectricvehicleischargedinthefastchargingstationonthehighway,thechargingefficiency
ofthefirst90%oftheelectricquantitycanberegardedaslinear.Inordertoprotectthebatteryduringthelast
10%ofthecharging,thepowerofthechargerwillbegreatlyreducedandthechargingtimewillbegreatly
increased.Therefore,itisassumedthatinordertosavetime,theownerwillchoosetocharge90%ofthefull
power.Butthereisaspecialsituation.Ifthedistancetothenextchargingstationorthedestinationisgreater
than90%ofthevehicle’scruisingrange,theownerwillchoosetofullychargetheelectricvehicle.Therefore,

themileagesupplementedatthechargingstationcanbedescribedas

lv
i=
0.9vc-Bv

i,Di,j≤0.9vc

vc-Bv
i,0.9vc≤Di,j≤v{ c. (1)

Considerthatthechargingrateofthechargingpileinthefastchargingstageisλ,andthechargingratein

thestablechargingstageis13λ.Thechargingtimeofanelectricvehicleatachargingstationcanbedescribedas
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Fig.1isasimpleschematicdiagramofaroadnetwork.PointAisthestartingcity,pointBandpointC
arethedestinationcity,S1,S2,S3andS4arethechargingstationsavailablealongtheway,andtheendurance
mileageofelectricvehiclesisassumedtobe200km.WhentheelectricvehiclestartsfromAtoBwithfull
power,itwillgothroughthreechargingstations,withatotaldistanceof220km,soitcannotbedirectly
reached.Accordingtotheaboveassumption,itwillselectchargingstationS2forcharging,charge100kmof
power,andthendirectlyarriveatpointB.IftheelectricvehiclegoesfromAtoC,itwillchoosetochargeat
S4.Inthisway,theconstructionofchargingstationsinS1andS3isoverbuildingwithautilizationrateof0.

Fig.1 Schematicdiagramofthelocationofchargingstationsinasimpleroadnetwork

Theexistingelectricvehicleendurancemileagewillbegreatlyaffectedbytemperature,speed,driving
habits,roadcongestionandotherfactors.Andthepowerconsumptionofdifferentmodelsofvehiclesdriving
thesamedistancemaybedifferent.Therefore,inordertosimplifytheproblem,thefollowingassumptionsare
proposed:

1)Theinfluenceofexternalenvironmentsuchastemperatureonvehicleenduranceisnotconsidered.
2)Onlytheendurancemileageoftheelectricvehicleisconsidered,andthechargedelectricityisregarded

astheincreasedendurancemileage.Andthedifferentenergyconsumptionofeachvehicleisnotconsidered.
Wheneachvehiclerunsthesamedistance,theendurancemileageconsumedisequaltothedrivingdistance,

regardlessofvehicledifferences.
3)Regardlessofroadcongestion,itisassumedthatallvehiclesarerunningataconstantspeed,andthe

drivingmileagereductioncausedbyfrequentstartandstopofelectricvehiclesincongestionisnotconsidered.
4)Assumethatallvehiclesarefullychargedatthetimeofdeparture.
Accordingtotheaboveassumption,forelectricvehiclev,accordingtothedrivingpath,thelocationof

thechargingstationcanbeobtainedas{si,sj,…},thechargeamountineachchargingstationis{lv
i,lv

j,…},
andthechargetimerequiredineachchargingstationis{tv

i,tv
j,…}.Thetotalchargingtimeofchargingstation

is∑
v∈V

tv
i .Consideringthatthereareαichargingpilesandasinglechargingpilecanwork24hours,the

utilizationrateofasinglechargingstationcanbeexpressedas

F(αi)=
∑
v∈V

tv
i

24αi
Zi. (3)

Forefficientutilizationofresources,thecloserF(αi)isto1,thebetter.Theaverageadaptationrateofall
chargingstationscanbeexpressedas

f2=1-
∑
i∈N

~

(F(αi)-1)2Zi

∑
i∈N

~
Zi

. (4)

2Modelestablishment
Accordingtotheaboveanalysis,thispaperestablishesthefollowingmulti-objectiveoptimizationmodel
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forthelocationandcapacitydeterminationofexpresswaychargingstation:

minf1=∑
i∈N

~
Wi(Cb+αiCc)Zi,  (5)

maxf2=1-
∑
i∈N

~

(F(αi)-1)2Zi

∑
i∈N

~
Zi

. (6)

s.t.Di,j≤β0, (7)

Bv
i+lv

i=Di,j+Bv
j,∀i,j∈N

~, (8)

Bv
r=vc,∀r∈R,R⊆N, (9)

Bv
i≥0,∀i∈N

~, (10)

Zi∈{0,1},∀i∈N
~, (11)

αi∈N,∀i∈N
~
. (12)

Wi:nodeweightcoefficient,i∈N
~
.

Cb:fixedcostforconstructionofchargingstation.
Cc:deploymentcostofsinglechargerinchargingstation.
αi:numberofchargersatthechargingstationatthenodei,integervariable,αi∈Ζ,i∈N.
Zi:0-1variable,whethertobuildachargingstationatthenodei,ifyes,itis1,ifnot,itis0.
λ:asinglechargingpilecansupplementendurancemileageperhour.
lv

i:vehiclevsupplementaryendurancemileageatchargingstationi.
Di,j:distancefromchargingstationitochargingstationj.

β0:themaximumdistancebetweentwoadjacentchargingstations.
R:setofstartingcitynodes.
vc:maximumrangeofthevehiclev.
Bv

i:theremainingmileageofthevehiclevatthenodei.
N:setofcitynodes.

N
~:setofalternativepointsofchargingstation.
N:setofnaturalnumbers.
Differentlocationsofchargingstationswillhavedifferentlandcosts,andtherewillbefixedcostsdueto

theconstructionofsomeinfrastructureduringconstruction.Andtherewillalsobeuncertaincostsdepending
onthecapacityofthechargingstation.Thefirstobjectivefunctionofthemodelistominimizethecostof
chargingstationconstruction.Toomanychargersinthechargingstationwillcausealargenumberofchargers
tobeidle.Toofewchargersmaynotmeettheactualneeds.Therefore,thesecondobjectivefunctionofthe
modelistomaximizetheaverageadaptationrateofthechargingstation.

Constraint(7)istomakethedistancebetweenadjacentchargingstationsinthesamepathlessthana
certainvalue;Constraint(8)isthecruisingrangebalanceconstraint.Theremainingcruisingrangeofvehiclev
atnodeiplusthecruisingrangesupplementedatnodeiisequaltothedistancefromnodeitonodejplusthe
remainingendurancemileageofvehiclevatnodej.Constraint(9)requiresthevehiclevtobefullychargedat
thestartingpoint.Constraint(10)requiresthatthevehicle'sremainingpoweratanynodeisnotlessthan0.

3Solutionalgorithms
TheplanningofexpresswaychargingstationisaNPhardproblem.Atpresent,mostoftheproblemsare

solvedbyevolutionaryalgorithm,see[15-18].NSGA-IIproposedinreference[19]isoneoftheexcellent
algorithmstosolvethemulti-objectiveoptimizationmodel.Inthispaper,NSGA-IIalgorithmisusedtosolve
theabovemulti-objectiveoptimizationmodel.Becausethevariablesinthemodelincludethe0-1variableZiof
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whethertobuildachargingstationandthenumberofchargersthateachchargingstationneedstoassemble,

thatis,thecapacityαiofthechargingstation,whichareallintegervariables.Therefore,theformofthe
solutionisconsideredtobex=(1,0,0,…,0,

췍 췍췍——— ———
1

n

,26,12,…,
췍 췍췍——— ———

34
n

),wherenisthenumberofchargingstation

candidatesites.Convertthesolutiontobinaryencodingx=(1,0,0,…,0,1,0,1,1,0,1,
췍 췍췍——— ———

0,0,0,1,1,0,
췍 췍췍——— ———

0,…,

1,0,0,0,1,
췍 췍췍——— ———

0).Thelengthofthebinarycodevariesaccordingtotheupperlimitofthechargingstation’s

capacity.Ifthelengthiskandthenumberofcandidatesitesisn,thenthetotalchromosomelengthisn+nk.
Thespecificalgorithmstepsareasfollows:

Step1:GeneratetheinitialpopulationrandomlyaccordingtothepopulationnumberNpop,checkwhether
eachchromosomemeetstheconstraints,anddeletetheunsatisfiedchromosome.

Step2:Theobjectivefunctionsf1andf2arecalculatedforeachchromosome,and{f(1)
1 ,f(2)

1 ,…,f(Npop)1 }

and{f(1)
2 ,f(2)

2 ,…,f(Npop)2 }areobtained.Accordingtothevalueoftheobjectivefunction,krankinglevels
{s1,s2,…,sk}areobtainedbyfastnondominatedranking,andtheprobabilityofthei-thlevelbeingselectedis

P(si)=
(k+1-i)2

∑
k

i=1
i2

.

Step3:AccordingtothelevelselectionprobabilityP(si),twolevelssiandsjareselectedbyroulette
algorithm,andthenachromosomeisrandomlyselectedfromthem.Thetwochromosomesareencoded,

crossedandmutatedtogeneratenewchromosomes.Decodethenewchromosomeanddetectitsfeasibility.If
therestrictionisnotsatisfied,discardthechromosome.Combinetheparentpopulationandthechild
population,ifthenumberofpopulationreaches2Npop,gotostep4,otherwiserepeatstep3.

Step4:Thecombinedpopulationissortedbyfastnondominatedalgorithm,andthewholepopulation
withlowerlevelisputintothenextgenerationparentpopulation.Ifthesilayercannotbecompletelyputinto
thenextgenerationparentpopulation,thenthecrowdingdegreeiscalculatedforthesilayerchromosomes,and
thechromosomesareputintothenextgenerationpopulationindescendingorderaccordingtothecrowding
degree,untilthenumberofthenextgenerationpopulationreachesNpop.

Step5:IfthenumberofiterationsislessthanthesetmaximumnumberofiterationsGmax,gotostep2,

otherwisethealgorithmwillbeterminated.

4Solutionalgorithms
ConsiderthetestnetworkdiagramshowninFig.1,whichhas10citynodesconnectedbyhighways.All

highwaysarebidirectionalandcanberegardedasthesamedistance.Tab.1showsthenodedistanceofthetest
networkandtheshortestdistancebetweennodescanbeabtainedbyFloydalgorithm,asshowninTab.2.The
alternativepointsfortheconstructionofchargingstationsareevenlydistributedoneachconnectededgeat
intervalsof30km.

Fig.2 Schematicdiagramoftheroadnetworkstructure
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Tab.1 Thedistancebetweencitynodesinthenetwork

City1 City2 City3 City4 City5 City6 City7 City8 City9 City10

City1  0 300 100

City2 300 0 240 60 160 220

City3 100 240 0 110 100

City4 60 0 120 110

City5 110 0 120 90

City6 160 100 120 120 0 280 80 230

City7 220 280 0 120

City8 110 120 0 190 70

City9 90 80 190 0

City10 230 70 0

Tab.2 Theshortestpathdistancebetweencitynodesinthenetwork

City1 City2 City3 City4 City5 City6 City7 City8 City9 City10

City1  0 300 100 320 210 200 480 430 280 430

City2 300 0 240 60 280 160 220 170 240 240

City3 100 240 0 220 110 100 380 330 180 330

City4 320 60 220 0 240 120 230 110 200 180

City5 210 280 110 240 0 120 400 280 90 350

City6 200 160 100 120 120 0 280 230 80 230

City7 480 220 380 230 400 280 0 120 310 190

City8 430 170 330 110 280 230 120 0 190 70

City9 280 240 180 200 90 80 310 190 0 260

City10 430 240 330 180 350 230 190 70 260 0

Assumethatthemaximumrangeofelectricvehiclesis200kmand300km,eachaccountingfor50%of
thetotal.Firstly,thetraveldataofvehiclesinthetestnetworkisgenerated.Itisassumedthatallelectric
vehiclesstartfromonecityandreachthedestinationcitythroughexpressway.Atthesametime,inorderto
studytheimpactofthenumberofvehiclesontheplanningofchargingstations,10000,50000and100000
electricvehiclesarerandomlygeneratedasthestartinganddestinationcities.Tab.3showsthe50000vehicle
tripdatageneratedbythesimulation.

Tab.3 Traveldataofelectricvehicles

Origincity
Destinationcity

1 2 3 4 5 6 7 8 9 10

1  0  526  880  340  472 222  209  342 159 108

2 572 0 2951 1744 439 379 1077 157 888 812

3 321 197 0 326 1193 233 1064 320 243 149

4 283 1421 208 0 915 633 486 522 287 333

5 672 468 163 497 0 147 201 1102 844 343

6 1278 295 1460 1180 704 0 385 245 496 742

7 179 225 138 642 752 279 0 1113 169 740

8 230 404 288 700 523 271 148 0 119 566

9 256 301 536 247 549 784 1645 515 0 505

10 193 273 309 181 289 548 1597 324 811 0
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  Theweightcoefficientsofthechargingstationofthecitynodeandthechargingstationonthehighwayare
bothtakenas1.Itisassumedthatasinglechargingpilecansupplement200km/h.Assumingthatβ0,the
maximumdistancebetweenadjacentchargingstations,is180km,thefixedcostofchargingstation
constructionis1millionyuan,andthedeploymentcostofsinglechargeristakenas30thousandyuan.The
maximumendurancemileageofvehiclesisassumedtobe200kmand350km,eachaccountingforhalfofthe
totalnumberofvehicles.WeuseNSGA-IIalgorithmtosolvetheabovemulti-objectiveproblemandtheresults
areshowninFig.3andFig.4.Tab.4showsthespecificconstructionplancomespondingtooneofthe
solutions.

  
Fig.3 Paretofrontofthemodelwithdifferentnumberofvehicles

Fig.4 Chargingstationplanningfor50000electricvehicles

Tab.4 NSGA-IIsolution

Chargingstation Chargingpiles Chargingstation Chargingpiles

s1 27 s10 2

s2 24 s11 33

s3 47 s12 45

s4 49 s13 21

s5 19 s14 45

s6 3 s15 19

s7 4 s16 16

s8 16 s17 42

s9 19 s18 16

Fig.3istheParetofrontofthemodelwhenthenumberoftravelingvehiclesis10000,50000,and
100000,respectively.ItcanbeseenthatthisalgorithmcanobtainagoodParetosolutionwhensolvingthe
multi-objectiveoptimizationmodelestablishedinthisarticle,andisnotaffectedbythenumberoftraveling
vehicles.Withtheincreaseoftravelvehicles,theconstructioncostofthechargingstationhasincreased
significantly,andthematchingdegreeofthechargingstationcapacityhasalsoincreased,andthedifferencein
thedegreeofadaptationbetweenthevariousschemeshasbeenreducedtoacertainextent.Thisisbecausethe
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availableservicevolumeofasinglechargingstationincreaseswiththeincreaseoftrafficflow,andthegap
betweenthenumeratoranddenominatorin(2)becomessmaller,sotheadaptationrateincreases.Setthe
vehicle’sendurancemileageas200km,thenumberofvehiclesas50000,thehourlysupplementarymileageof
chargingpilesas100,300and400kmrespectively,andtheParetofrontofthemodelisshowninFig.5.

  
a                    b                    c

Fig.5 Paretofrontofthemodelwithdifferentpowerofchargepoint.

Fig.5showsthatwiththeincreaseofthepowerofchargingpiles,thenumberofchargingpilesdeployed
ineachchargingstationhasdecreasedsignificantly,andtheconstructioncostofchargingstationhasalso
decreasedsignificantly.Inaddition,whentheconstructioncostis60millionyuan,30millionyuanand25
millionyuan,thecostreductionwillcauseasubstantialdropinthechargingstationadaptationrate.When
choosingaconstructionplan,trytoavoidthoselower-costplans.

Keeptheadditionalendurancemileageofchargingpileperhouras200km,50000vehiclesfortravel,and
thevehicle’sendurancemileageis100,200,300and400kmrespectively,andtheParetofrontofthemodelis
showninFig.6.

 
a                       b

 

c                       d

Fig.6 Paretofrontofthemodelwithdifferentendurancemileage

Fig.6showsthatwiththeincreaseofthecruisingrangeofelectricvehicles,theconstructioncostof
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chargingstationshasbeensignificantlyreduced,andtheaverageadaptationrateofchargingstationshasnot
changedsignificantly.Thisalsoshowsthatourmethodiseffective,anditcangetgoodParetosolutionsin
manycalculations.Especiallywhenthevehicleendurancemileageis100kmand400km,thechargingstation
adaptabilityofeachplanningschemeismostlyconcentratedabove99%.Thisisbecausethenumberof
potentialconstructionschemesissmallatthistime,andthealgorithm performsbetteronsmall-scale
problems.Figures5and6showthatchangesinthepowerofthechargingpileandthecruisingrangeofthe
electricvehiclewillhaveasignificantimpactontheconstructioncostofthechargingstation.Increasingthe
fastchargingrateofthechargingpileandincreasingendurancemileageoftheelectricvehiclehaveasignificant
effectonreducingthetotalcost.

Itwillbeseenthatallthreefactorsmentionedabovehaveasignificantimpactonthesolutionofthe
model.Therefore,thedecision-makersshouldfullyinvestigatethesethreefactorsandgetaccuratedatawhen
planningthehighwaychargingstation.Onlyinthiswaycanwescientificallyplanandbuildthehighway
chargingstation.

5Conclusions
Thispaperstudiesthelocationandcapacityofthechargingstationoftheexpressway.Fromthe

perspectiveoftheremainingendurancemileageofelectricvehicles,weanalyzethebehavioroftheownerofthe
chargingvehicletoselectthechargingstationandchargetheelectricity,andamulti-objectiveoptimization
modelwiththegoalofminimizingtheconstructioncostofthechargingstationandmaximizingtheaverage
adaptationrateofthechargingstationisestablished.Afterthat,theNSGA-IIalgorithmwasusedtocarryout
numericalexperimentsonthemodeltoverifytherationalityandeffectivenessofthemodel.Inaddition,this
articlefurtheranalyzessomerelationshipsbetweentheconstructioncostofthechargingstationandthe
adaptationrateofthechargingstationcapacitywithendurancemileageoftheelectricvehicleandthepowerof
thechargingpile.Theresearchmethodsproposedinthispapercanprovideamorescientificdecision-making
referencefortheoptimalplanningofchargingstations.

Therearestillsomekeyproblemstobesolvedinthestudyofchargingstationplanning:1)the
mathematicalmodelestablishedforthelocationandcapacityofchargingstationisgenerallyanonconvexand
non-linearmixedintegerprogrammingproblem.Howtodesignamoreefficientsolutionalgorithmaccordingto
thespecificstructuralcharacteristicsofthemodelisoneofthecoreproblemstobesolved;2)howto
reconstructthelocationandcapacitymodelofthechargingstationtoachievetheglobalandefficientsolutionof
themodelisalsoakeyproblemtobefurtherstudied;3)atpresent,theexistingresearchonthelocationand
capacityproblemoftheexpresswaychargingstationmainlyfocusesonthenumericalexperimentofthesmall-
scaleproblem,andhowtoproposeanewmathematicalmodelforthelarge-scalelocationandcapacityproblem
developingefficientalgorithmisthekeyproblemtobefurtherstudied.
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运筹学与控制论

高速公路充电站选址定容问题的多目标优化方法

杨杰庆,姜晓雪,赵克全

(重庆师范大学 数学科学学院,重庆401331)

摘要:【目的】高速公路充电站位置选择和容量确定对电动汽车应用推广具有重要意义。【方法】针对高速公路充电站选址定容问

题,通过引入充电站的平均适配率,即电动汽车的充电需求与当前充电站总容量之间的匹配程度,以充电站的建设成本最小和充电

站的平均适配率最大为目标建立了新的多目标优化模型。【结果】利用多目标优化问题的 NSGA-II算法对模型进行了数值实验,

验证了模型的有效性。此外,本文也进一步研究了出行车辆数量、充电桩功率以及续航里程对充电站的建设成本和适配率的影响。
【结论】数值实验表明:本文提出的多目标优化方法可以得到更高的充电站利用率和更低的建设成本,为高速公路充电站的选址定

容问题提供了更加科学合理的决策参考。

关键词:多目标优化模型;充电站的选址定容;建设成本;平均适配率;NSGA-II算法
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