
DOI: 10.4018/IJVAR.2018010105

International Journal of Virtual and Augmented Reality
Volume 2 • Issue 1 • January-June 2018


Copyright©2018,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



59

Lessons Learned from the Design and 
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A Case Study with Three Different Simulators
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ABSTRACT

Vehiclesimulatorsarecrucialtoolsusedinavarietyofareas,suchasaviation,driving,ormaritime
transportation.Internationalstandardsrequiretheuseofmotion-basedvehiclesimulatorsintraining
scenarios.However,thehugevarietyofapplicationsandrequirementsmakesitdifficultforendusers
tofindamotion-basedcommercialsolutionthatfulfilstheirneeds.Ontheotherhand,commercial
solutionsareusuallyexpensiveastheyinvolvespecifichardwareandsoftware.Althoughsomead-
hocsolutionshavebeenreported,ageneralizeddesignstrategyisneeded.Inthisarticle,theauthors
emphasizetheneedforfindingadevelopmentmethodologyfortheseimportanttoolsandtheypropose
anoverallstrategyforthedesignofvehiclesimulators,focusingontherelevantdecisionsaccording
to theauthors’ learnedexperience.The followingaspectsareconsidered:use,motionhardware,
cockpit,users,displaytypes,costandphysicalspace.Finally,theauthorsshowthreecasestudies
wherethesedecisionshavebeenalreadytaken:arescuespeedboatsimulator,atractorsimulatorand
adrivingsimulator.
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INTRoDUCTIoN AND ReLATeD woRK

Vehiclesimulationrepresentsoneofthemostimportantmechanismstotrainpilots,testnewvehicular
technologies,studyhumanfactors,teachdifferentprotocols,practicedrivingskillsorraiseawareness
about different topics. A large variety of vehicle simulators have been proposed with different
applicationsandvehicletypes,suchasplanes(Advani,Hosman,&Haeck,2002;Mauro,Gastaldi,
Pastorelli,&Sorli,2016;Reid&Nahon,1988;Yavrucuk,Kubali,&Tarimci,2011),helicopters
(Schroeder,1999;Wei,Amaya-Bower,Gates,Rose,&Vasko,2016;Wiskemannetal.,2014),cars
(Chapron & Colinot, 2007; Jansson et al., 2014; Nehaoua et al., 2008), motorcycles (Avizzano,
Barbagli,&Bergamasco,2000;Cossalter,Lot,Massaro,&Sartori,2011;Nehaoua,Hima,Arioui,
Seguy,&Espié,2007), trucks(Thöndel,2012), tractors(Llerasetal.,2016),ships(Filipczuk&
Nikiel,2008)orevenbicycles(Herpersetal.,2008;Schulzyk,Hartmann,Bongartz,Bildhauer,&
Herpers,2009).

Road safety, pilot training and vehicular design are some of the main areas where vehicle
simulatorscanprovidesignificantadvantagesoverexperimentswithrealvehicles,sincetheycanbe
usedtobothsavemoneyandhumanlives,amongmanyotheradvantages(Casas,Fernández,&Riera,
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2017)(availability,pilotevaluation,debriefing,weathercontrol,etc.).Infact,manyinternational
regulationsandcertificationstandards require theuseof fullmotion-basedvehiclesimulators to
certifyasimulatorfortrainingtasks(DNV,2011;ICAO,2009).

Differentvehicles,differentfeaturesanddifferentuses,implydifferentrequirements.Thus,when
anengineerneedstodesignanewvehiclesimulator,therearealotofdecisionstobetaken.The
hugevarietyofapplications,environments,solutionsandrequirementsmakesitdifficulttoproposea
detailedmethodologyforthedevelopmentofvehiclesimulators.However,mostofvehiclesimulators
shareacommonframeworkandaseriesoffeaturesthatcanbestudiedinacommonway.

Thereare,ofcourse,commercialsolutions,soengineerscouldoptforpurchasinganexisting
closedsolution,insteadofbuildingonefromscratch.However,itishardforenduserstofindamotion-
basedcommercialsolutionthatfulfilalltheirneeds,whichusuallyrequiresanexclusiveordedicated
system.Ontheotherhand,commercialsolutionsfortraditionalareas,suchasaviationorracing,are
typicallyexpensiveastheyinvolvespecifichardwareandsoftware(e.g.cockpits,vehiclecontrols,
gaugedisplay,etc.).Forinstance,mostoftheflightsimulatorsusedforpilottrainingareownedby
privateindustrieswhichdesignthemad-hocforeachspecificaircraft.Althoughsomead-hocsolutions
havebeenreportedbytheresearchcommunity,ageneralizedstrategyforthedevelopmentofvehicle
simulatorsisneeded.Itisimportantthatthisproceduretakesintoaccountalltherequirementsofthe
simulator,includingtheenduser’sneeds.

Althoughthereareseveralstudiesanalysingthevalidity/fidelity(Burki-Cohen,Go,&Longridge,
2001;Jones,2017;Kaptein,Theeuwes,&VanDerHorst,1996;Matas,Nettelbeck,&Burns,2016)
andthefeatures(Philips&Morton,2015)ofdifferentvehiclesimulators,thereareveryfewworks
dealingwiththeprocessofactuallydesigningvehiclesimulators.Theconstructionofscenariosofa
particularvehicletype(Dolsetal.,2016)orthestudyoftheuseofmodularcomponentstothedesign
ofdistributedvirtualenvironments(DVEs)(Casas,Morillo,Gimeno,&Fernández,2009)orvehicle
simulators(Romano,2000)aretopicsthathavebeendealtwithintheliterature.However,thereisa
lackofgeneralguidelinestohelpdesignersinthelonganddifficulttaskofbuildingavehiclesimulator.

Forthisreason,andwiththeaccumulatedknow-howgatheredfromourresearchgroup,which
hasmorethantwentyyearsofexperiencedesigningandbuildingvehiclesimulators,weproposea
seriesofguidelinesforthedesignofthiskindofVirtualReality(VR)applications.Weaccompany
themwiththreedifferentcasestudies:arescuespeedboatsimulator,atractorsimulatorandamulti-
usermultimodalroadsafetydrivingsimulator.Thesevehiclesimulatorshavebeendesignedandbuilt
inourresearchlabsfollowingtheseguidelinesandrepresentthreeverydifferentvehiclesimulators
withdifferentfeaturesandrequirements.Thus,wethinktheyservetoillustratetheprocess.

Nevertheless,asthefieldisreallybroad,theseguidelinescannotconstituteafullmethodology
yet,andweemphasizetheneedfordevelopingacompletemethodologythatcoversallthepossible
aspectsofvehiclesimulation.Webelievethispaperisastepinthisdirection.

CoMPoNeNTS oF A VeHICLe SIMULATIoN

Thedesignofavehiclesimulatoristypicallysplitindifferentmodulesorlayers,sothatsoftware
cohesioniskepthigh,thedesignofthesesmallmodulesiseasierandcodereutilizationisalsopossible.
Differentarchitecturesfortheorganizationofvehiclesimulatorscanbeproposed,dependingonthe
goalsandparticularfeaturesofthesimulator.Onepossiblegeneralizedapproachisthearchitecture
showninFigure1.

In this scheme,wecanobserve the followingelements (those inorange representhardware
elements;greenisforsoftwareelementsthatarehighlydependentonahardwarecounter-part;modules
inpinkarecoreelements;blueisformodulesthataresomehowoptional):
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