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SUMMARY

Taxisplayanimportantroleinofferingpersonalizeddoor-to-doorservicewithinthe
transportsector.Fastandefficientfleetdispatchingisessentialfortheprovisionof
qualitycustomerserviceinacompetitivetaxioperationnetwork.Thisbookaimsat
developingeffectivedispatchstrategiestoimprovetaxi-bookingservices.

Asatellite-basedtaxidispatchsystem,whichtrackstaxisusingthe Global
PositioningSystemtechnologyforautomaticvehiclelocation,iscurrentlywidely
deployedinSingapore.Basedonthebookingsurcharges,therearegenerallytwo
categoriesoftaxibookings:currentandadvance.Currentbookingsarerequests
thattaxishouldreachthecustomerimmediatelyorwithinhalfanhour,and
advancebookingsarerequestsmadeatleasthalfanhourinadvance.

TheexistingtaxidispatchsystememployedbytaxioperatorsinSingaporetohandle
currentbookingsisbasedonthenearest-coordinatemethod,i.e.thetaxiassigned
foreachbookingistheemptyonewiththeshortest,direct,straight-linedistanceto
thecustomerlocation.However,thetaxiassignedunderthissystemisoftennot
capableofreachingthecustomerintheshortestpossibletime.Analternative
dispatchsystemhasbeenproposed,wherebythedispatchoftaxisisdeterminedby
real-timetrafficconditionsandthetaxiassignedthebookingjobistheonewiththe
shortest-timepath.Theeffectivenessofboththeexistingandproposeddispatch
systemswasinvestigatedthrough microscopictrafficsimulations.Thisbook
presentsandanalyzestheresultsfromasimulationmodeloftheSingaporeCentral
BusinessDistrict(CBD)network.Resultsofthesimulationshaveshownthatthe
proposeddispatchsystemiscapableofbeingmoreefficientindispatchingtaxis
morequickly;leadingtomorethan50%reductionsinpassengerpickuptimeand
averagetraveldistance.

Whilstforanadvancebookingdemandundertheexistingdispatchsystem,the
existingsystembroadcaststhebookinginformationimmediatelytotheisland-wide
taxinetworkinSingapore,involvingbothoccupiedandemptytaxis.Thejobis
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assignedtothefirsttaxidriverwhobidsforit.Obviously,underthisdispatch
system,advancebookingsarehandledonacase-by-casebasis;andeachbooking
demand(customertrip)istreated/assignedindependently.Consequently,thetaxi
supplyresource,intermsofoccupancytime,maynotbesignificantlyutilized.
Therefore,anoveltrip-chainingstrategyfortaxiadvancebookingbasedona
customizedalgorithm ofthePickupandDeliveryProblem with Time Window
(PDPTW)problemhasbeenproposed.Theideaistochainseveralbookingswith
demandtimepointswhicharespreadoutwithinareasonableperiodoftime,and
witheachpick-uppointcoincidingwithorwithincloseproximitytotheprevious
drop-offlocation.Basedonthesimulationresults,theproposedsystemfortaxi
advancebookingscouldreducethetaxifleetsizebyupto87.5%,inservingthe
samelevelofadvancebookingdemands.Thiswillnotonlyresultina more
reasonablefarestructurefortaxiservicestoencourageuserstobooktaxisin
advanceanddiscouragelast-minuterequests,butalsobringbenefitstocustomers,

driversandtaxicompanies.

Thetrip-chainingstrategyproposedinthisstudywillhavethepotentialtochange
theconceptofthetaxibookingservicecurrentlyoperatinginSingapore.Tofurther
validatetheseproposalsforbothcurrentandadvancebookingservicesinreallife,a
surveywithasamplesizeof600respondentshasbeencarriedouttoinvestigate
users’responses.Theopinionsregardingtheusers’bookingbehavior,taxiarrival
timeandbookingsurchargestructurehavebeenpolled.Morethan75.5%ofthe
respondentswhousecurrent-bookingservicewantorexpecttaxitoarriveassoon
aspossible.Ontheconditionthattheycanplanthetripsearlier,75.3% ofthe
respondentsarewillingtoshifttouseadvance-bookingserviceiftheadvance-
bookingfeeischeaperthanthecurrentbookingfee,and92.7%oftherespondents
arewillingtoobtainataxithroughadvancebookingwhenadvance-bookingservice
ischeaperthanstreethailing.Thesurveyresultshavejustifiedthevalueand
feasibilityofstrategiesproposedinthisbook.
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CHAPTER1
INTRODUCTION

Taxisplayanimportantroleinofferingpersonalizeddoor-to-doorservicewithinthe
transportsector.Theconvenienceofacomfortableanddirecttransportationservice
providedbytaxisisofwhichmassrailtransit(MRT)orbusescannotcompete
with.Overtheyears,thedemandoftaxiasamodeoftransporthasincreased
substantiallyinmanycitiesinAsia.InSingapore,thenumberoftrips(person
trip)takenbytaxiisashighasalmostonemillioneveryday,whichiscomparable
tothenumberoftripstakenbyMRT (LTAReport2002).Meanwhileinsome
othermetropolitancitieslikeHongKong,taxiscurrentlyformabout25%ofthe
trafficstreamintheurbanarea.Insomecriticallocations,taxisformasmuchas
50%to60%ofthetrafficstream (TransportDepartment1986-2000).Evidently,

taxismakeconsiderabledemandonlimitedroadspaceandcontributesignificantlyto
trafficcongestionevenwhenempty (cruisingtolookforcustomers).Hence,

optimizationofthetaxifleetmanagementandoperationappearsevocativelyneeded,

whichwillreducetrafficcongestioninurbanareaaswellasimprovethecustomer
service.

1.1 RESEARCHBACKGROUND

Asanimportanttransportationmode,taxiscannowbeaccessed/hiredinpublicat
designatedtaxistands,throughroadsidehailingorutilizationoftaxi-booking
services.Amongstthesemeans,thebestmatchbetweentaxidemandandsupply,

withminimalemptycruisingtimesinsearchofpassengerscanbebroughtaboutby
anefficienttaxibookingandadispatchsystem.Moreover,eventhoughtaxiscanbe
hailedanywhereonthestreetorwaitingattaxistands,itmaybedifficulttoobtain
ataxiduringpeakhourswhenthedemandfortaxisishigh,orduringshift
changingperiods.

Asatellite-basedtaxibookinganddispatchingsystem,whichtrackstaxisusingthe
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GlobalPositioningSystem (GPS)technologyforautomaticvehiclelocation,is
currentlywidelydeployedinSingapore.Withtheaidofthereal-timeGPS-based
dispatchingsystem,thevacanttaxisontheroadnetworkaretrackedinthe
prevailingtaxidispatchsystem(Lee1998;Cheng2000).

Basedonthebookingsurcharges,therearegenerallytwocategoriesoftaxi
bookings,currentandadvance.Currentbookingsarethosewherethecustomer
makesbookingslessthanhalfanhourbeforethetaxisarerequiredtoreachhimor
her(mostcurrentbookingsrequiretaxicompaniestodispatchtaxisimmediatelyor
assoonaspossible),whilst,advancebookingsarerequestsmadeatleasthalfan
hourinadvance.Forcurrentbookings,thebookingjobisassignedtothetaxithat
hastheshorteststraight-linedistancetothecustomerlocation,whereasforadvance
booking,thecustomerisassignedtothetaxidriverwhobidsforthejobwithinthe
shortestperiodoftime.

Withtheadvancesofwirelesscommunication,automaticvehiclelocationand
geographicinformationsystem (GIS)technologies,theimplementationofmany
newmodesoftaxibookinghasbeenmadetaxi-bookingservicesmoreconvenientfor
customers.Consequentlytaxibookinghasbecomethepreferredchoiceforan
increasingnumberoftaxicustomers,overstreethailingandqueuingattaxistands,

especiallyduringpeakdemandperiodoratlocationswhereemptytaxisarehardto
access.Withthegrowingemphasisoncustomersatisfaction,itisessentialfortaxi
operatorstoconstantlyupgradetheirsystemsandfacilitiestoensurehighquality
services.

1.2 SCOPEANDOBJECTIVES

Traditionally,manyeconomistshaveexaminedthemodelsandeconomicsofurban
taxiservicesundervarioustypesofregulation,suchasentryrestrictionandprice
controlinanaggregateway.Recently,urbantaxiservicesweremodeledina
networkcontext.Atthesametime,realisticmethodshavebeenproposedto
describevacantandoccupiedtaximovementsinaroadnetworkaswellastaxi
drivers’searchbehaviorforcustomers(Yangatel.2002).

Inadditiontothoseanalyticalmodelingapproaches,increasingawarenesshasbeen
·2·
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drawntoimproveservicequalityinpracticaltaxioperations.Inparticular,this
bookinvolvesthestudyofthetaxidispatchsystemengagedtohandletaxibookings
bytaxioperatorsinSingapore,withtheintentiontoimprovetaxidispatchservices
consideringreal-timetrafficandcustomerinformation.Theareaofinterestdeals
withthetaxibookingservicesonly,inwhichtheservicequalityofanoperatorcan
bemeasuredviathedispatchsystem.Henceotherformsoftaxihiring,suchas
throughstreethailingandqueuingattaxistands,arebeyondthescopeofthis
study.

TheobjectiveofthisbookistoproposeandverifyinnovativestrategiesforGPS-
basedtaxibookinganddispatchingsystem.However,thetechnicalaspectssuch
likehowGPSworkswillnotbedealtwithspecifically.Instead,attentionispaidat
developingmodelsfortaxifleetmanagement,coupledwithGPSandIntelligent
TransportationSystems(ITS)applicationontaxidispatchinginSingapore.

1.3 GAPANDOPPORTUNITY

1.3.1 CurrentBooking
Theexistingdispatchprocedureforcurrentbookingsisbasedonthenearest-
coordinatemethod,thatis,thetaxiassignedthejobforaparticularbookingisthe
onethatisthenearestintermsofstraight-linedistancetothecustomerlocation.
Howeverthisassignedtaximaynotessentiallybethetaxithatiscapableof
reachingthecustomerintheshortestpossibletime.Therehavebeeninstances
whentheassignedtaxihappenstobejustontheoppositesideoftheroadfrom
wherethecustomerislocated.Inordertogettothecustomer,thetaxidriverhas
tomakeaU-turnatthenextavailableintersectionwhereU-turningisallowed,and
thisintersectionhappenstobesomedistanceaway.Asimilarproblemisalso
encounteredonone-waystreets,wherethetaxi-drivermusttravelalongway
beforeturningbacktoreachthecustomer.Thus,ataximightbeverynearthe
customerintermsofdirectstraight-linedistance,butithastotravelalongertime-
paththanataxiapproachingfromalongerdirectdistance.

Therefore,itispossibletofurtherimprovethelevelofservicebyimplementinga
·3·



dispatchsystemthatwillefficientlyensureabestmatchforeachtaxibooking.This
meansthattheproposedsystemwillbecapableoflocatingataxithatwillbeableto
reachthecustomerwithinthepossibleshortesttimeforeachtaxibooking.Itis
hypothesizedthatadispatchsystembasedonreal-timetrafficconditionswillbeable
toensurethatthetaxiassignedthebookingjobisinfactthefastesttaxitobeable
toreachthecustomer,bringingaclosermatchbetweentaxisupplyanddemand(in
termsofservicetime),andthusincreasingcustomersatisfactionandrelianceon
taxi-bookingservices.Withadecreaseintraveltimetoreacheachbooking
customer,theemptycruisingtimesofthetaxismayalsobereducedaswell.This
studyisinlinewithLandTransportAuthority’s(LTA)objectivestoimprovetaxi
servicestoprovidecar-likeservices,throughperiodicevaluationoftheperformance
oftaxioperatorsandtheusageofGPStechnologytobettermatchdemandand
supply(LTA1996).

1.3.2 AdvanceBooking
Whilstforanadvancebookingdemandundertheexistingdispatchsystem,the
bookinginformationisbroadcastedimmediatelytotheisland-widetaxinetworkin
Singapore,involvingbothoccupiedandemptytaxis.Thejobisassignedtothefirst
taxidriverwhobidsforit.Obviously,underthisdispatchsystem,advance
bookingsarehandledonacase-by-casebasis;andbookingdemands(customer
trips)aretreated/assignedindependently.Consequently,thetaxisupplyresource,

intermsofoccupancytime,maynotbesignificantlyutilized.

Hence,analternativestrategyfortaxiadvancebookingmightbeexplored,which
cantakethefulladvantageoftheinformationavailablebeforehand,toarrange/

dispatchthetaxifleetinamoresystematicmannerandthustoreduceoperating
cost.CurrentlyinSingapore,thesurchargeofanadvancebookingishigherthan
thatofacurrentbooking.Ifoperatingcost(suchasthetaxivehicleresources
requiredandtheemptycruisingtimecaused)todealwithadvancebookingservices
isdecreasedsignificantly,thentheadvance-bookingsurchargecanbereducedor
evenwaivedtoencouragemoreusers.Thiscouldpotentiallychangetheconceptof
thetaxibookingserviceinSingapore,notonlyresultinginmorereasonablefare
structuresfortaxiservices,butalsobringbenefitstocustomers,driversandtaxi
companies.
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1.4 METHODOLOGYOFSTUDY

Inthisresearch,ahybridanalytical-simulationapproach,consistingofacustomized
microscopicsimulationmodelformodelingtaxifleetmovementsandbackground
trafficconditions,embeddedwithananalyticalroutingdecisionmodeltoprovide
sensibleroutingplans,wasproposed.Hence,theobjectivesofthisstudyhave
actuallybeenpursuedviatheoreticalanalysesandcomputersimulationsusing
realisticroadnetworks.Althoughtheproofofthepuddingisintheeating,itis
unlikelythatanyauthorityandtaxicompanywillallowareal-lifeexperiment
withoutsufficientencouragementfromsimulationresultsusingrealisticmodels.

First,theanalyticalmodelwasfocusingonthestrategies/rulestodispatchtaxi
underthetwodifferentbookingrequests,i.e.,(1)tosearchthemostsuitable
taxi,whichcanreachthecustomerwithintheshortesttimepossibleinresponseto
current-bookingdemands,(2)toefficientlygenerateasetofreasonablefleet
routingplanwithalowoperatingcosttomeetadvance-bookingdemands.The
detailswillbeaddressedinChapters3and4.

Subsequently,simulationmodelswerebuiltincorporatingthestrategiesproposed,

toevaluatetheirperformancesundersimulatedtrafficenvironment.Simulation
modelingisanincreasinglypopularandeffectivetoolforanalyzingavarietyof
dynamicproblems,whicharenotamenabletostudybyothermeans.Traffic
problemsarecharacterizedbytheinteractionofmanysystem componentsor
entities.Theseproblemsareusuallyassociatedwithcomplexprocesses,which
cannotreadilybedescribedinanalyticalterms.Often,thebehaviorofeachentity
andtheinteractionofalimitednumberofentitiesmaybewellunderstoodandcan
bereliablyrepresentedlogicallyand mathematically.However,thecomplex,

simultaneousinteractions of many system componentscannot beadequately
describedinmathematicalorlogicalforms.Thenumericalresultsfromsimulation
providetheanalystwithdetailedquantitativedescriptionsofwhatislikelyto
happen.Thegraphicalandanimatedrepresentationsofthesystemfunctionscan
provideinsightssothattheanalystcangainanunderstandingofwhythesystemis
behavingthisway.Hence,simulation modelingwasusedtotestthestrategy
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proposedforitsusefulnessinimprovingtaxidispatching.

Detailedreviewsonstate-of-the-artsimulationprogramsarepresentedinChapter2
PARAMICS,amicroscopicsimulationtoolthatprovidessuitableinterfacefor
addinguser-developedroutinestothemainsimulationprocesswaschosenfor
modelingtaxibehaviors.Simulationrunswereperformedonaselectednetwork
chosenfromtheCentralBusinessDistrict(CBD)inSingapore.

Evaluationsontheperformanceofdifferentsystemswerethenmadebasedontheir
efficienciesintaxidispatchservices,intermsoftraveltimes,traveldistancesand
numberoftaxisrequiredtoservethedemands.Forcurrent-bookingservices,

additionalsensitivityanalysiswasalsocarriedouttoinvestigatetheinfluenceoftaxi
densitiesinthenetwork.

Tofurthervalidatetheseproposalsforbothcurrentandadvancebookingservicesin
reallife,asurvey withasamplesizeof600respondentswascarriedoutto
investigateusers’responses.Theopinionsregardingtheusers’bookingbehavior,

taxiarrivaltimeandbookingsurchargestructurewerepolled,tojustifythevalue
andfeasibilityofstrategiesproposedinthisbook.

1.5 ORGANIZATIONOFBOOK

Thisbookconsistsofsixchaptersthatareorganizedasfollows:

Ageneralintroductionandthebackground,objectives,scopeandmethodologyof
thisstudy,aswellasanoutlineofthisbookaregiveninChapter1.

Chapter2providesanoverviewofpreviousworkinmodelingurbantaxiserviceand
currentstatusoftaxibookinganddispatchingoperationsinSingapore.Related
literatureofshortestpathapproachesintransportationmodel,routescheduling/

planningaswellasthereviewandselectionoftrafficsimulationmodelsarethen
presented.

Subsequently,anewmethodoftaxidispatchingsystemwithinstantaneoustraffic
informationisproposedandevaluatedinChapter3.Theselectedresultsderived
fromsimulationarealsodescribed.

Followingthestudyoftaxicurrentbookings,aninnovativedispatchstrategywas
·6·



proposedinChapter4toimprovetheadhoc’taxiadvancebookingservices.This
practicalproblemisdefinedasSTAR(SingaporeTaxiAdvanceReservation)inthis
study,whichisaspecialversionofPickupandDeliveryProblem with Time
Window,awell-knownNP-hardroutingproblem.Theproposedstrategyforthe
STARproblemwasthenevaluatedthroughtrafficsimulationinthischapter.

TofurthervalidatethestrategiesproposedinChapters3and4,Chapter5reportsa
surveyfromtaxiusers’viewpointwithasamplesizeof600respondents.The
opinionsregardingtheusers’bookingbehavior,taxiarrivaltimeandbooking
surchargestructurehavebeenpolled.Acomprehensiveanalysisofthesurvey
resultsisthendemonstrated,whichjustifiesthevalueandfeasibilityofthese
strategiesinreallife.

Finally,in Chapter6,conclusionsfrom thisstudyarepresented.Research
contributionsandrecommendationsforfuturestudyareappendedattheend.
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CHAPTER2 REVIEWOFTAXI
OPERATIONAND

RELATEDRESEARCH
  Inthischapter,thestate-of-the-practiceoftaxibooking/dispatchingoperations
inSingaporewillbepresentedfirst,followedbyanoverviewofpreviousworkin
modellingurbantaxiservice.Relatedliteratureinrouteschedulingandplanningare
thenreviewed,whereshortestpathalgorithmsintransportation modelsand
heuristicsforvehicleroutingproblemsareexamined.Reviewandselectionoftraffic
simulationmodelsarealsogiveninthischapter.

2.1 CURRENTSTATUSOFTAXIBOOKINGAND
DISPATCHINGSYSTEMSINSINGAPORE

2.1.1 OverviewofTaxiServicesinSingapore
TaxiservicesfirstevolvedinSingaporeinthe1950s,intheformofpiratetaxisand
schooltaxis,operatingwithoutanyproperlicenses(Chin1998).Itwasonlyinthe
1960sthatthegovernmentbeganissuingtaxilicensestoindividualsandcompanies.
ComfortTransportationPteLtd(ComfortTaxis)wasthefirstofficialtaxicompany
launchedin1970withaidfromthegovernment.

Thetaxifleetsizegrewsteadilywiththedemandovertheyears,andin1980s,the
useofradiophonestohandletaxibookingswasimplementedtoreducetheempty
cruisingtimesoftaxis.Thetaxifleetof10,000wasalsoorganizedintothree
separatecompanies,whichareNTUCComfort,YellowTopandSingaporeAirport
BusService.Only3,000ofthesetaxiswereequippedwithradiophonesatthat
time.

By1990,thenumberoftaxisfittedwithradiophoneswentupto6,000outofthe
11,000taxifleetsize.Thisfleetof11,000 wasbeing managedbyfivetaxi

·8·
此为试读,需要完整PDF请访问: www.ertongbook.com


