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Scheduling Aircraft Ground Handling 
Operations Under Uncertainty Using Critical 
Path Analysis and Monte Carlo Simulation:
Survey and Research Directions
Kaveh Sheibani, ORLab Analytics, Vancouver, Canada

ABSTRACT

Aircraftgroundhandlingisanintegralpartofairlineoperations.Althoughgroundhandlingoperations
usuallyarestraightforward,itcouldbeverycomplicatedincertainsituations,suchastroublingcargo
loadingandunloadingincidents,weatherconditionsorimproperuseofequipmentandbreakdowns.
Groundhandlersneedtoorchestrateanumberofactivitieswithinaconfinedareaaroundairplane
inashortperiodoftime.Punctualityisimportantforairlinesandresultingincreasedefficiencies.In
thisarticle,schedulingaircraftgroundhandlingoperationswithuncertaindurationsusingthecritical
pathanalysisandMonteCarlosimulationisconsideredwiththeaimofimprovingaircraftground
servicesduringtheturnaround.Havinganaccurateestimateofaircraftturnaroundtimeconsidering
itstypeandload,therecourseswouldbeassignedtothegroundoperationsmoreefficiently.Acase
studyofalong-rangewide-bodytwin-enginejetaircraftisdiscussedindetail.Theresultsindicate
thattheproposedmethodgivesimprovedschedulingrelativetotheroutinesobservedatahubairport.
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INTRODUCTION

Aircraftgroundhandlingrepresentsacrucialprocessamongairportactivitiesasitaffectsdirectly
airlineperformancealsopassengers’servicequalityperception.Groundhandlingaddressesanumber
ofoperationsrequirementsofanaircraftbetweenthetimeitarrivesataterminalgateofanairport
andthetimeitdepartsonitsnextflight.Groundhandlersneedtoorchestrateanumberofactivities,
suchasbaggagehandling,cabinservicing,catering,aircraftfueling,maintenanceandsoon.Indeed,
safety,accuracy,andspeedareimportantingroundhandlingoperationsforaminimumturnaroundand
resultingincreasedefficiencies.Duetothepracticalimportanceofthesubjectmanybooksandarticles
havebeenpublishedonitsvariousaspects(Atkin,2013;Bazargan,2016).The32ndInternationalAir
TransportAssociation(IATA)GroundHandlingConferencetookplaceinMadrid,Spain(IGHC,
2019).However,themajorityoftheresearchfocusedontheclassicalairportairsideoptimisation
problems,suchasgateassignment(Dijketal.,2018;Chaoetal.,2019),aircraftgroundmovement
(Stergianosetal.,2016;Brownleeetal.,2018),andrunwaysequencing(Guépetetal.,2017;Solak
etal.,2018).Inthispaper,schedulingaircraftgroundhandlingoperationswithuncertaindurations
usingthecriticalpathanalysisandMonteCarlosimulationisconsideredwiththeaimofimproving
aircraftgroundservicesduringtheturnaroundingeneral,andequipmentavailability,andthecrew
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assignmentinparticular.Acasestudyofahubairportonalong-rangewide-bodytwin-enginejet
aircraftisdiscussedindetail.

Therehasbeenconsiderableresearchdevotedtoaircraftgroundoperations.KusterandJannach
(2006)conductedaresearchincollaborationwithDeutscheLufthansaAGonhandlingairportground
processesbasedontheresource-constrainedprojectschedulingforreal-timedecisionsupportinthe
disruptionmanagementoftheaircraftturnaround.Abdelghanyetal.(2006)developedanactivity
selectionalgorithmforassigningthebaggageofdepartingflightstoavailablepiersinthebaggage-
handlingfacilityofamajorUSair-carrierhub.Bazargan(2007)proposedaparticularmixedinteger
linearprogrammingmodelforminimisingthepassengerinterferencesinboardingonasingle-aisle
aircraftconsideringvariousstrategiesandaccommodatingneighboringpassengersboardingtogether.
Nugrohoetal.(2012)appliedLeansolutionsapproachtotheaircraftgroundhandlingatPTGaruda
Indonesiaforcategorisingthegroundhandlingoperationsintovalue-addedactivity,avoidablenon-
value-addedactivity,andunavoidablenon-valueaddedactivitywhichresultedsomesuggestionsfor
performanceimprovement.Burghouwtetal.(2014)investigatedtheimpactofEuropeanParliament
amended airport ground handling regulation for competition on the ground handling market, at
AmsterdamSchipholAirport,andconcludedthatanopenmarketwillresultlowergroundhandling
costsforairlinesbutunlikelyanyseriousmarketfailurefortheairports.Gok(2014)proposedamixed
integerlinearprogrammingmodelminimisingtheturnaroundofashort-tomedium-range,narrow-
bodywithbulkcargoholds,twin-enginejetaircraftofaTurkishlow-costairline,anddiscussedthe
criticalpathincertainscenarios.Fitouri-Trabelsietal.(2015)proposedahierarchicalapproachfor
PalmadeMallorcaAirportgroundhandlingresourcesmanagementconsideringbothontimeand
delayedinboundandoutboundflights.Kabongoetal.(2016)developedaforwardmulti-agentplanning
approachtoairportgroundhandlingmanagementunderaunifiedframework.KierzkowskiandKisiel
(2017)simulatedtheaircraftgroundhandlingoperationsatWrocławAirportonacategoryBaircraft
accordingtoInternationalCivilAviationOrganization(ICAO)inordertoevaluatetheoperational
performance.Schmidt (2017)providesan introduction toaircraftgroundoperations focusingon
theaircraftturnaroundandpassengerprocesses,includingcurrentchallengesforairlineoperators,
airportcapacityconstraints,andscheduledisruptions.Studicetal. (2017)consideredasystemic
hybridapproachtosafetyriskmanagementofgroundhandlingoperationsbasedonacombinationof
functionalresonanceanalysis,groundedtheory,templateanalysisandgoals-meanstaskanalysis.Frey
etal.(2017)developedahybridmetaheuristicbasedonacombinationofreedyrandomizedadaptive
searchprocedureswithaguidedlocalsearchandpath-relinking,forschedulinginboundbaggage
handlingatthebaggagecarouselsofMunich’sFranzJosefStraussAirport.Malandrietal.(2018)
consideredadetaileddiscreteeventmodelofinboundbaggagehandlingatalargeregionalItalian
airportinordertoidentifybottlenecks,criticaloperations,andstudyalternativescenariosindifferent
situationsfordynamicallocationofresourcesandpersonnel.SenvarandAkburak(2019)analysed
improvementsforthenon-valueaddingprocessesinairlinegroundhandlingoperationsusinglean
sixsigmamethodology.Zengetal.(2019)developedabranch-and-priceapproachtoahierarchical
skillsformulationforairportgroundstaff,basedontheclassicaltourschedulingproblem,minimising
workforcemixthatsatisfiesatargetcoverageratewithrespecttoagivendemandprofile,thereby
staffwithhigherlevelskillsispermittedtocoverdemandsoflowerlevels.TabaresandMora-Camino
(2019) investigated the challenges of an automated aircraft ground handling operations, such as
dockingofgroundsupportequipmenttoaircraft,andautonomousvehiclesmovingaroundtheaircraft.

Thispaperconsistsoftwomainparts,thefirstpartfocusesondescriptionofschedulingaircraft
groundhandlingoperations,andthesecondpartdemonstratesexperimentalresultsoftheproposed
criticalpathanalysisandMonteCarlosimulation.Theconcludingremarkscontainsomesuggestions
forfurtherresearch.
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