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ABSTRACT

Augmentedrealitycanenhancehumanperceptiontoexperienceavirtual-realityintertwinedworld
bycomputervisiontechniques.However,thebasictechniquescannothandlecomplexlarge-scale
scenes,tacklereal-timeocclusion,andrendervirtualobjectsinaugmentedreality.Therefore,this
paperstudiespotentialsolutions,suchasvisualSLAMandimagesegmentation,thatcanaddress
thesechallengesintheaugmentedrealityvisualizations.Thispaperprovidesareviewofadvanced
visualSLAMandimagesegmentationtechniquesforaugmentedreality.Inaddition,applicationsof
machinelearningtechniquesforimprovingaugmentedrealityarepresented.
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1 INTRodUCTIoN

Nowadays,augmentedreality(AR)hascoexistedtherealworldwithvirtualobjects.Thetechnology
hasincreasedhumanexperienceinavirtual-realityintertwinedworld.Ithasgrowninpopularityover
thelasttenyears,movingfromlaboratoriesintovariousreal-lifescenes(VanKrevelen&Poelman,
2010).However, therearenumerousissuesinAR,leadingtotheriseofinnovations(Masood&
Egger,2019).OutdoorARsystemsfacechallengessuchashandlingcomplexlarge-scalescenes,
dealingwithreal-timeocclusion,andrenderingvirtualobjects.Althoughimagesegmentationcould
addresstheissues,itrequirescollaborationwithotheradvancedtechniques(Roxasetal.,2018).The
collaborationiscriticalinthefuturetrendofARapplications.Sincetraditionalmethodsforsharing
accuratespatialinformationareinsufficient,variousmachinelearningalgorithmshavebeenproposed
toachievelow-costandhigh-efficiencyfuturecollaborationsystems(Zouetal.,2019).Thevolume
ofmobileandindustrialARapplicationsisgrowingatanexponentialrate;however,previoushigh
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latency,lowprecision,andunfriendlyuserexperiencehavehamperedthewidespreadadoptionofAR
systems(Huangetal.,2013).Toovercometheselimitations,registration(Hoffetal.,1996),tracking
(Runzetal.,2018), imagesegmentation(Kirillovetal.,2019)andocclusion(Tangetal.,2020)
approacheshavebeenproposedwithmachinelearning-improvedvisualizationtechniques,i.e.,visual
SLAM(vSLAM)andimagesegmentation.Thispaperprovidesanoverviewofthemainobstacles
oftheARvisualizationsandtheirpotentialsolutions.Themostrecentcomputervisiontechnologies
areconcentrated,particularlymachinelearning-enhancedinnovativetechnologies.

Todate,thereexistsalackofcomprehensiveliteraturereviewonthetopicofapplyingthelatest
machinelearning-improvedcomputervisioninARsystems.However,therearesomeliteraturereviews
relatedtootherresearchcommunitiesintheARsystems,whichareshowninTable1.

As part of the digital transformation of industry, AR improves industrial efficiency, safety,
compliance,andcosts.Lingetal.(2017)discussedcommercialtrendsinindustrialAR.Palmarini
etal. (2018)conductedasystematic literaturereviewto identify themostrelevant industrialAR
technicallimitations.Lietal.(2018)examinedvariousVirtualReality(VR)/ARprototypes,products,
andtrainingevaluationparadigms.Gattulloetal.(2020)systematicallyreviewedtheliteratureon
visualassets.Eggeretal. (2020) investigated thecurrentchallengesandfuturedirectionsofAR
manufacturing.Costaetal.(2022)providedanoverviewofthecurrentstateoftheartinARhuman-
robot collaboration and future development trends. Notably, user research on AR cybersecurity
applicationsisseverelylacking.Alzahranietal.(2022)identified,described,andsynthesizedresearch
findingsonthecybersecurityoftheARindustry.

VisualtrackingisafundamentaltaskinARandhasbeenanactiveresearchtopicformanyyears.
Kalkofenetal.(2011)pioneeredthespatialintegrationofvirtualobjectsinreal-worldsettings.Rabbi
etal.(2012)identifiedthedifficultiesoftrackinganobjectinanunfamiliarenvironment.Billinghurst
etal.(2015)investigatedgeneraltrackinganddisplayingtechniques.Lietal.(2018)reviewedthemost
recentdeeplearning-basedtrackingmethodsanddividedthemintothreecategoriesbasedonnetwork
structure,functionality,andtraining.ThetrackingmethodsusedinAR-basedrobotmaintenanceare
qualitativelyevaluated(Kohetal.,2020).Jiaoetal.(2021)reviewedthecriticaladvancesmadeby
deeplearning,includingdeepfeaturerepresentations,networkarchitecture,andfourcriticalissues
invisualtracking(e.g.,spatiotemporalinformationintegration,target-specificclassification,target
informationupdate,andboundingboxestimation).Zhuetal.(2022)providedanoverviewofAR
visualobjecttrackingonRGB-Dvideos.

Augmented reality provides users with an engaging, memorable, and impactful interactive
experience,resultinginadigitalworldthatcloselyresemblesourphysicalworldandoffersanew
perspectiveonreality.Rabbietal.(2013)concentratedonARhardwareanduserexperience(UX).
Irshadetal.(2014)summarizedtheUXofARandidentifiedareaswhereresearchwaslacking.A
thoroughanddetailedreviewwaspresentedtoassistARdevelopersinfocusingonUXimprovement
byIrshadetal.(2017).ThemostinfluentialARuserstudieswerepresentedbyDeyetal.(2018).
RecentARsystemshaveofferedarangeofdevice-specificinteractionoptionsandtailoredsolutions
fordeliveringimmersiveexperiencestousers,butwithaninherentlackofstandardizationacross
devicesandapplications.Toaddressthisissue,asystematicreviewandevaluationofexplicit,task-
basedinteractionmethodsinimmersiveenvironmentsarepresented(Spittleetal.,2022).

TheoriginalclunkyandpooruserexperiencehasbeentransformedbymobileAR,whichyou
cantakewithyouwhereveryougo,oftenonasmartphonedevice.ThenumberofmobileARusers
isincreasingashardwaredevicesimprove.ARnetworkimplicationswerehighlightedbyWestphal
etal.(2017).Braudetal.(2017)investigatedARapplicationsandtheirexternalinfrastructures.Goh
etal.(2019)providedcontextforAR3Dmobileinteraction.Leeetal.(2022)reviewedthefieldof
humaninteractioninconnectedcities,focusingonAR-driveninteraction.

MostexistingreviewsofARliteraturehavepaidlessattentiontovisualizationprinciples.This
paper comprehensively reviews machine learning-enhanced AR visualization applications using
vSLAMandimagesegmentation.Thefundamentalprinciplesoftechnologyaresummarised,and
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