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Particleswarmoptimizationfortrainscheduleof
Y-typetrainroutinginurbanrailtransit①

WEIZi-wen
(ChinaRailwayFirstSurveyandDesignInstituteGroupCo.,Ltd.,Xi’an710043,China)

Abstract:Thetrainscheduleusuallyincludestrainstopschedule,routingschemeandformationscheme.Itisthebasisof
subwaytransportation.Combiningthepracticalexperienceoftransportorganizationsandtheprincipleofthebestmatch
betweentransportcapacityandpassengerflowdemand,takingtheminimumvalueofpassengertravelcostsandcorporation
operatingcostsasthegoal,consideringtheconstraintsofthemaximumrailcapacity,theminimumdeparturefrequencyandthe
maximumavailableelectricmultipleunit,anoptimizationmodelforcitysubwayY-typeoperationmodeisconstructedto
determinetheoperationsectionofmainlineaswellasbranchlineandthetrainfrequencyoftheY-typeoperationmode.The
particleswarmoptimization(PSO)algorithmbasedonclassificationlearningisusedtosolvethemodel,andtheeffectivenessof
themodelandalgorithmisverifiedbyapracticalcase.TheresultsshowthatthelengthofbranchlineinY-typeoperation
affectsthecostofwaitingtimeofpassengerssignificantly.
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0 Introduction
 TheoperatingmodeofY-typetrainroutingisa
specialformofthetrainroutingmodeinurbanrail
transit,anditsgenerationiscloselyrelatedtothe
characteristicsofpassengerflowalongtheline.In
general,belt-shapedurbanforms,constructionof
majorprojectsandmulti-targetstrategiclayoutof
citieswillformtheoperatingmodeoftheY-type
trainrouting[1].
 Domesticandforeignscholarshaveconducted
manystudiesonthetrainschedule.Intermsof
trafficorganization,domesticandforeignscholars
regardtheactualpassengerflowdataorpredicted
passengerflowdataalongthelineasthebasisto
analyze the spatial and temporal distribution
characteristicsofthepassengerflow[2-3],andtostudy
theroutingscheme,trainformation[4]andvehicle
selection.ResearchinChinaandforeigncountries
mainlyfocusedonhigh-speedrailway[5],urbanrail
transitlines[6-7]andsubwaytrains,alsoonthechoice
ofthetrainschemeandoptimizationofthetrain
scheme,etc.Inthestudyofurbanrailtransitlines,
mostfocusedonlinearlines,especiallysuper-long
line[8-16]usingthelong-shorttrainroutingofurban

railtransit.
 Basedontheaboveresearchfrombothdomestic
andoverseas,itcanbeconcludedthatscholarsfrom
bothdomesticandoverseashaveconductedadequate
researchonthetrainscheduleofthelong-short
routing,butresearchontheY-typetrainroutingis
scarce[1,17].Wewillstudyandreferencetheresearch
methodsofthelong-shorttrainroutingtostudyY-
typetrainrouting,andoptimizeitwiththeparticle
swarmoptimization (PSO)basedonclassification
learningmethod.

1 BriefdescriptionofY-typeoperation
 Uptonow,theoperatingandplanningtheurban
railtransitlineswhichadoptY-typetrainrouting
modeinChinaconsistofonemainlineandone
branchline.Combiningwithournationalconditions,
theurbanrailtransitlinecomposedofamainlineand
abranchlineisselectedastheresearchobjectinthis
paper.Itcangiveabetterplaytothegreatroleof
urbanrailtransitinthetransportationsystem.And
itcanalsoachievea win-winsituation between
enterpriseandpassengersbyreasonablydetermining
thetrainschedule.
 Y-typetrainroutingmodeintheurbanrailtransit
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isshowninFig.1.

Fig.1 Y-typetrainroutingmodediagram

 AsshowninFig.1,thetrainonthemainline
arrivesanddepartswiththefrequencyoff1withinits
operatingzonesM1,M2andM3;thetrainonthe
branchlinearrivesanddepartswiththefrequencyof
f2withinitsoperatingzonesM2andM4.Themain
lineandthetrainsonthebranchlineruntogetherin
thezoneM2,whichhasalargepassengerflow.The
numberofthestationsonthelineisshowninFig.1.
Amongthem,station“a”istheturn-backstationof
thebranchline,andstation “b”isthejunction
stationofthemainlineandbranchlineofY-type
mode.Othergeneralstationsandintermediateturn-
backstationsarenotshowninFig.1.

2 Trainschedulemodel
 Urbanrailtransitservespassengers.Tohighlight
itsservicefunctionandimproveitsservicelevel,we
shouldpay moreattentiontoreducepassengers’
traveltimeduringpeakhours.Atthesametime,the
costofsubway operationshould betakeninto
considerationformeetingthepassengerdemandas
muchaspossible.

2.1 Basicassumptionsofmodel
 Wemakethefollowingassumptionsbasedonthe
characteristicsoftheY-typetrainroutingmode.
 Hypothesis1:TrainsrunningonthelinesofY-
typetrainroutingmodestopateachstation;
 Hypothesis2:Consideringtravelingpreferencesof
passengersontheline,theywillchoosethedirect
routefirstly,withoutconsideringthesituationof
passengersstranded;
 Hypothesis 3: Vehicle rotation is used
independently,andtheselectionofthetrainisthe
same;
 Hypothesis4:Runningtrainsarenotaffectedby
thelineconditions,andthetrainsinupperandlower
directionsrunatthesamespeed.
 Hypothesis5:Consideringthecomplexityoftrain
operationorganization,thelayersofeachintervalis2
atmost.

 Hypothesis6:Duringthestudy period,the
departureintervalsofthetrainsonmainlineandthe
branchlinesremainthesame,andthetrainsinupper
andlowerdirectionsruninpairs.

2.2 Functiondefinition
 Fortheconvenienceofdescription,wemakethe
followingfunctiondefinitions.
 λ1+k (S1,S2)representsthepassengersboardingat
thestation“k”andgettingoffatthesector(S1,S2)
inlowerdirection;
 λ2+k (S1,S2)representsthepassengersboardingat
thestation“k”andgettingoffatthesector(S1,S2)
inupperdirection;
 λ1+tr representsthetransferpassengersinlower
direction;
 λ2+tr representsthetransferpassengersinupper
direction.

2.3 Passengers’travelcost
 Passengertravelcostismainlycharacterizedby
passengers’waitingtimecost,includingtheen-route
waitingtimeandthetimewaitingforthetrain.Itcan
beexpressedas

Cost(P)=cwTw+cdTd, (1)

wherecwandcdaretheunittimevalueofthetime
waitingforthetrainandtheen-routewaitingtime,
respectively;TwandTdarethetimewaitingforthe
trainandtheen-routewaitingtime,respectively.
2.3.1 En-routewaitingtime
 Theen-routewaitingtimeTdreferstothesumof
therunningtimeineachsectionandthestopping
timeateachstationofpassengerflowineachorigin-
destination(OD).
2.3.2 Timewaitingforthetrain
 ThetimewaitingforthetrainTwiscalculatedas
follows:PassengerwaitingtimeequalsthateachOD
passengerflowmultiplyaverageswaitingtimeofeach
ODpassengerflow.Duetothehighdensityoftraffic
inurbanrailtransitandtheshortrunninginterval,
the arrival of passengers can be seen being
independentofthearrivaltimeoftrains.Itisa
randomnormaldistribution.Theexistingstudieson
thishaveshown[7]thattheaveragewaitingtimeof
passengerflowonthelineapproacheshalfofthe
runningintervalwhentherunningintervalisshort
(usuallylessthan10min).
 Accordingtothedifferenceofpassengertravel
OD,thepassengerflowcanbedividedintothe
followingcategories.
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 Thefirstcategoryisthatthetravel OD of
passengersonthemainlineisnotinthesamezone.
Thetimeswaitingfortrainsinthelowerandupper
directions(Tw11,Tw21)arecalculatedby

Tw11=12 ∑
a-1

k=1

λ1+k (a,b)
f1 +∑

a

k=1

λ1+k (b+1,N)
f1 + 

∑
b

k=a

λ1+k (b+1,N)
f1  ,

Tw21=12 ∑
N

k=b+1

λ2+k (a,b)
f1 +∑

N

k=b+1

λ2+k (1,a)
f1 + 

∑
b

k=a

λ2+k (1,a-1)
f1  . (2)

 ThesecondcategoryisthatthetravelODof
passengersonthe mainlineisinthesamezone
(exceptingforthecollinearsection).Thetimesof
waitingfortrainsinthelowerandupperdirections
(Tw12,Tw22)arecalculatedby

Tw12=12 ∑
a-1

k=1

λ1+k (k+1,a)
f1 +∑

N-1

k=b

λ1+k (k+1,N)
f1  ,

Tw22=12 ∑
a

k=2

λ2+k (1,k-1)
f1 +∑

N

k=b+1

λ2+k (b,k-1)
f1  .

(3)

 Thethirdcategoryiswaitingtimeofthecollinear
sectionofmainlineandbranchline.Thepassengers’
waitingtimesinthelowerandupperdirections
(Tw13,Tw23)arecalculatedby

Tw13=12∑
b-1

k=a

λ1+k (k+1,b)
f1+f2

,

Tw23=12∑
b

k=a+1

λ2+k (a,k-1)
f1+f2 . (4)

 Thefourthcategoryisthewaitingtimeinthe
lowerandupperdirectionsonthebranchline,and
theyarecalculatedby

Tw14=12 ∑
b

k=a

λ1+k (N+1,n)
f2 +∑

n-1

k=N+1

λ1+k (k+1,n)
f2  ,

Tw24=12 ∑
n

k=N+1

λ2+k (a,b)
f2 +∑

n

k=N+2

λ2+k (N+1,k-1)
f2  ,

(5)

wherethefirstitem denotesthewaitingtimeof
passengersthattravelindifferentODs,andthe
seconditemdenotesthewaitingtimeofpassengers
thattravelinthesameODs.
 Thefifthcategoryisthewaitingtimeofpassengers
whoneedtotransfer,andtheyarecalculatedby

Tw15=12
λ1+tr
f1 +λ1+tr

f2  ,
Tw25=12

λ2+tr
f1 +λ2+tr

f2  . (6)

 Therefore,thelowestcostofpassengersisthe
minimum valueoftheCost(P)whichcan be
calculatedbyEq.(1),andTwandTdareobtained,
respectively.

2.4 Corporation’soperatingcost
 Theoperatingcostofanenterprisecanbemainly
dividedintotwoparts:fixedcosts (referringto
vehiclepurchasecost)andvariablecosts(whichare
mainlydeterminedbythelengththattrainshave
travelled).Thecorporation’soperatingcostis
calculatedby

Cost(O)=VNy+CLz, (7)

whereVrepresentsthepurchaseexpensepervehicle;
Ny represents the expense per vehicle when
travelling;C representsthenumberofvehicles
requiredforoperation;Lzrepresentsthetotallength
traveledbythetrainsduringthestudyperiod.
2.4.1 Vehiclepurchasecost
 Thenumberoftrainsrequiredforoperationcanbe
obtainedby

Ny=1.2 T1
3600f1+

T2
3600f2  , (8)

whereT1andT2representtheturn-aroundtimesof
trainsonthemainlineandbranchline,respectively.
2.4.2 Trainoperationcost
 Thetotalnumberofkilometerstravelledbythe
traincanbeobtainedby

Lz= T1
3600f1L1+

T2
3600f2L2

, (9)

whereL1andL2representthedistancestravelledby
themainlineandthebranchline,respectively.

2.5 Optimizationmodelanditsconstraints
 Considering theinterests of passengers and
operating enterprise at the same time, the
optimizationmodelcanbeconstructedbyusingideal
pointmethod.Thenthemodelcanbetransformedas

Z=min(UZ1,Z2
), (10)

whereZ1andZ2arethefunctionvaluesoftwo
targetsunderthefollowingconstraints:thetwo
targetsarethepassengers’travelcostZ1andthe
corporation’soperatingcostZ2,respectively;UZ1,Z2
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istheevaluationfunctionwhichisanidealpoint
methodused.Theevaluationfunctionisexpressedas

UZ1,Z2 = ∑
2

j=1
(Zj-Zmin

j )2. (11)

 Analyzingtheinfluencefactorsofthetrainscheme
oftheY-typetrainrouting,theconstraintsofthe
modelaregivenby

f1∈N,f2∈N, (12)

1≤a≤b≤N≤n, (13)

f1+f2≤3600I0 =fm, (14)

f1≥f0,f2≥f0, (15)

T1
3600f1+

T2
3600f2≤Nmax. (16)

 Amongtheseconstraints,Eqs.(12)and(13)are
basicconstraintswhichrestrictthevaluerangeof
variables;Eq.(14)istomeetthetrains’minimum
runninginterval;Eq.(15)isto meetlimit of
minimum departure frequency; Eq.(16)is a
constraintonthenumberoftrainsrequired.

3 Model-solvingalgorithm
 Insummary,the modelaboveisa multiple
objective optimization model and there is a
contradictioneachother.Ifwemainlyfocusonthe
interestofpassengers,thetravelcostofpassengers
willbetheminimum,butdeparturefrequencyofthe
trainsand the number oftrains required will
increase,sothattheoperationcostofenterprisewill
increase,which has an adverse effect on the
operatingenterprises;Ifwemainlyfocusonthe
interest of the operating enterprises, the
corporation’soperatingcostcanreachtheminimum,
butpassengerswillwaitmuchlonger,andthenthe
transportationserviceispoor,whichdoesnotsatisfy
theprincipleofhumanoriented.Therefore,bothof
them cannot achieve the minimum cost
simultaneously.Thesetwosidescontradicteach
other.

3.1 Principleofalgorithm
 Weusetheparticleswarmalgorithm (PSO)[18]

basedonclassificationlearningmethodtosolvethe
model.Accordingtothefunctionvalueofeach
particle,thisalgorithmdividesparticleswarmsinto
threesmallgroups:thegood,themediumandthe
poor.Theparticlesineachgroupadoptdifferent

learningstrategiestoupdatetheirvelocityinorderto
increasethediversityofparticles.
 Thelearningstrategiesofthethreetypesof
particlesareasfollows:
 1)Thegoodparticlescontinuetoupdatealong
theirlearningdirectionasshowninEq.(17),anddo
notlearnfromotherparticles.Comparingwiththe
standardPSO,onlythefirsttwoitemsareretained,
andthethirditem(sociallearning)isabandoned.
 2)Themediumparticlesupdatetheirvelocityin
thewaywhichisthesameasthestandardPSO,as
showninEq.(18).
 3)Thepoorparticlesrandomlychoosetwo
particles’historicaloptimumswhicharechosenfrom
thegoodastheirtwolearningobjects,asshownin
Eq.(19).ComparingwiththestandardPSO,the
firstitem (thatistosaythememoryitem which
includesthelastvelocity)isabandonedas

vtd(t+1)=wvid(t)+c1r1[p'
id(t)-xid(t)],

(17)

vid(t+1)=wvid(t)+c1r1[p'
id(t)-xid(t)]+

c2r2[g'
id(t)-xid(t)], (18)

vid(t+1)=c1r1[rand(pbetter1(t))-xid(t)]+

c2r2[rand(pbetter2(t))-xid(t)], (19)

wherep'id(t)isthebestpositionhistoricallyofeach
particle;g'id(t)isthebestpositiongloballyofallthe
particles;rand(pbetter1(t))andrand(pbetter2(t))
representtwoparticlesrandomlyselectedfromthe
goodparticlegroup.
 Inaddition,consideringthattheoptimization
processofeachparticleisanonlinearandcomplex
process,inertia weight uses the logarithmic
decrementstrategytoreplacethelineardecrement
strategypreviouslytoreflecttheparticle’sreal
searchingprocess well.Inordertobalancethe
particle’sglobalalgorithm searching andlocal
searchingcapabilities,twolearningfactorschange
dynamically,respectively.

3.2 Optimizationprocessofalgorithm
 Step 1:Initialization of parameters of the
algorithmandline.Undercertainconstraints,N
(thenumberofparticlepopulationissettobe40)
feasiblesolutionsarerandomly generated.Each
feasiblesolutioncontainsDdecisionvariables(the
dimensionofthependingoptimizationproblemis3,
thatistosay,turn-backstation“a”,thedeparture
frequencyonthemainline“f1”andbranchline“f2”.),
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andthemaximumnumberofiterationsisgivenasM
(itissettobe100);
 Step2:Calculationoftheadaptivevalueofthe
objectivefunction.Accordingtotheadaptationvalue
oftheparticle,theparticlepopulationisdividedinto
threecategories:thegood,themediumandthepoor
ataratioof1∶2∶1;
 Step3:Updatingtheparticlevelocityandparticle
position,andcheckingwhetherthesetboundaryis
exceeded;
 Step4:Updatingtheglobaloptimalandhistorical
optimum;
 Step5:Checkingwhetherthemaximumnumberof
iterations(M)isreached.IfitreachesM,itshould
stop,otherwise,itsprocedurewillreturntoStep2.
 Theglobaloptimumfinallyobtainedbythesteps
aboveistheoptimalsolutionweneed.

4 Casestudy
4.1 Parametersettings
 Takinganurbanrailtransitlineasanexample,
thereareatotalof31stationsonthisrailtransitline
whichhasatotallengthofabout36km.Numbering
the31stationsonthelineaccordingtotheprinciple
ofnumberingthe mainlinefirstlyandthenthe
branchline.Among them,stations which are
numberedwithNo.1,4,7,11,16,21,24,28and
31havetheturn-backcapability.Theparametersof
thelineandtrainoperatingparameters,suchas
stationdwellingtime,intervallengthandrunning
timeintheintervalareknownduringthestudy
period.
 Thesymbolsandtheirdefinitionsofthevariables
inthemodelareshowninTable1,includingthe
minimumdeparturefrequency,maximumnumberof
trainsavailableandoperatingexpenses,etc.

Table1 Symbolsanddefinitionsofvariablesinthemodel

Parameter Meaningofparameter
Unitsandvalues
ofparameter

f0 Minimumdeparturefrequency 10pairs(h)
Nmax Maximumnumberoftrainsavailable 57columns

V Maximumnumberoftrainsavailable
3millionyuan
(vehicle)

C Operatingexpenses 48yuan(km)
fm Maximumrailcapacity 40pairs(h)

cw,cd Waitingtimecost
0.025yuan

(person·second)

4.2 Resultsandanalysis
 Based onthegiven parametersandthe OD
distributionmatrixofpassengersduringtheevening

peakoftheday,theimprovedPSOalgorithmwas
usedbyprogramminginMatlabtosolvethemodel.
 Theoptimizationprocessesareshownasfollows.
Firstly, the passenger flow distribution
characteristicson theline areinvestigated and
analyzed.Then,accordingtothecharacteristicsof
Y-typetrainroutingmode,theconstraintconditions
areaddedwhenthefeasiblesolutionsetisgenerated.
Finally,theimprovedalgorithmisusedtofindthe
optimaltrainscheduleinthefeasiblesolutionset,
andthentheoptimalscheduleisevaluatedand
comparedwiththecurrenttrainschedule.
 Fig.2givestheglobaloptimalandaveragefitness
convergencecurves.

Fig.2 Globaloptimalandaveragefitnessconvergencecurve

 AsshownitcanbeseenfromFig.2thatnotonly
theoptimalsolutioncanbefoundrapidly,butalso
thelocaloptimizationscanbeavoidebetter.
 Table2comparesthepassengerswaitingtime,the
numberoftrainsrequired,andthetotallengthofthe
Y-typetrainrouting modethatthetrainstravel
adoptingtheoptimalsolution andcurrenttrain
schedule.
Table2 Operationindicatorsresultsofalltrainschedules

Train
schedule

Turn-back
station

Departure
frequency

Waiting
time(min)

Travellength
ontwolines
(km)

Train
required
ontwo
lines

Optimal No.24 10:11 430820 431.858,14.739 19,3
Current No.1 16:15 55465 690.972,627.44430,27

 Itcan beconcludedfrom Table2thatafter
consideringbothinterestsofthem,thewaitingtime
ofpassengersincreasesdramatically,butthecostof
operationenterprisereducessignificantly.Table3
lists the comparison results of different train
schedules. The schedules list in Table3 are
comparedwithcurrentschedule,respectively.
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Table3 Operationindicatorscomparisonofdifferenttrain
schedules

Train
schedules

Waiting
time

change(%)

Travel
costs

change(%)

Travel
length

change(%)

Trains
required
change(%)

Operating
costs

change(%)

(1,25,15) -26.06 -0.55 29.49 29.83 29.83

(24,10,10)680.51 14.28 -66.23 -61.41 -61.41

 Trainscheduleslistedin Table3areoptimal
scheduleswhichtake3targetsasitsgoalrespectively
(Theschedulestakingtravellengthortrainsrequired
minimumasitsgoalarethesame).Comparedwith
thecurrentoperatingschedule,thewaitingtimefor
passengersontheentirelineisdecreasedbymore
than1/4 whenthe departurefrequency ofthe
mainlineincreasesto25only.Accordingly,the
operatingcostoftheenterpriseincreasesmorethan
thepassengertravelcost.Similarly,whentheturn-
backstationissetatthejunctionstation,thewaiting
timeforpassengersincreasesbynearly6times,but
itisbeneficialtoreducethetotalcost.

4.3 Sensitivityanalysisofdecisionvariables
 Thecontrolvariablemethodisusedtoanalyzethe
sensitivity.Thesensitivityoftheturn-backstationof
theY-typetrainroutingmodeisanalyzedfirstly,as
showninFig.3,andsensitivetyanalysisdiagramsof
departurefrequenciesofmainlineandbranchlineare
showninFigs.4and5,respectively.

Fig.3 Sensitivityanalysisdiagramofturn-backstation

Fig.4 Sensitivityanalysisdiagramofdeparturefrequencyof
mainline

Fig.5 Sensitivityanalysisdiagramofdeparturefrequencyof
branchline

5 Conclusion
 Verifiedbycases,theresultsshowthatthetrains
inurbanrailtransithaveagreatinfluenceonthe
interestsofbothpassengersandenterprise.The
analysis ofthe Y-type train routing mode’s
characteristicsandthesensitivity of3 decision
variables(positionoftheturn-backstationandthe
departurefrequencyof2lines)initsmodelleadsto
thefollowingconclusions.
 1)TheY-typetrainroutingmodeisanalyzedand
themodelisestablished;
 2)PSOalgorithmbasedontheclassifiedlearning
isdesignedtosolvethemodel;
 3)Combinedwiththepracticalcase,themodel
andalgorithmareprovedtobefeasibleandeffective,
andthesolvingefficiencyofthealgorithmusedis
relativelyhigh.Thatthelength ofthesection
operatingtogetherisneithertoolongnortooshort
cannotmaximizetheinterestsofbothparties.The
selectionofturn-backstationhasagreatimpacton
thecost,andtheturn-backstationrealizingthe
largestcostsavingisnotnecessarilythemaximum
abruptpointofpassengerflowinthesection;
 4)Combining withtherealpassengerflow
distributionsituation,itisrecommendedthatthe
operatingenterprisecanappropriatelyshortenthe
operatingsection ofthe branch line so asto
effectively reduce the operating cost while
passengers’interestisessentiallyconstant.
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城市轨道交通Y型交路列车开行方案粒子群优化设计

韦子文

(中铁第一勘察设计院集团有限公司,陕西 西安710043)

摘 要: 列车开行方案通常包括列车停站方案、交路计划及编组方案,是地铁组织运输的基础。结合交通

运输组织的实践经验以及输送能力与客流需求达到最佳匹配的原则,以乘客出行成本及企业运营成本最低

为目标,综合考虑线路最大通过能力、最小发车频率和最大可用车底数量等限制条件,构建了城市地铁Y
型交路模式下的列车开行方案优化模型,并确定了Y型交路模式列车开行方案的主线及支线的列车运行区

段及各线的列车开行频率。采用基于分类学习的粒子群算法对其进行求解,并通过算例验证模型和算法的

有效性,对折返站和各交路区段的列车开行频率进行各成本的灵敏度分析。结果表明,Y型交路其支线的长

度对乘客候车等待时间成本影响显著。
关键词: 城市交通;列车开行方案;粒子群算法;分类学习;Y型交路

引用格式: WEIZi-wen.ParticleswarmoptimizationfortrainscheduleofY-typetrainroutinginurbanrail
transit.JournalofMeasurementScienceandInstrumentation,2020,11(1):87-93.[doi:
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