The Importance of Shadowsin Augmented Reality

Abstract

In AugmentedReality (AR) virtual objectsare visually
addedto real scenaryi.e., the real sceneis augmented
with virtual objects.In someAR applicationst is agoal
in itself thatthe virtual objectsareindistinguishabldrom
realobjects.A majordifficulty in achieving thisrealismis
to ensurethatthevirtual objectsarerenderedisinglight-
ing conditionswhich areconsistentvith thelighting con-
ditionsin therealscenelf thisdifficulty canbeovercome
the virtual objectscanbe shadedand cancastshadavs,
just asif they had actually beenpart of the real scene.
Ourwork focuseson developingmethodgor determining
suchlighting conditionsandresultsshowv thataddingthe
correctshadingandshadeving to virtual objectssubstan-
tially enhanceshevisualquality of theaugmentedcene,
andmalkesit mucheasieifor peopleto percevethespatial
relationsbetweerrealandvirtual objects.

1 Introduction

The conceptof AugmentedReality (AR), where real
scenesare augmentedvith visualizationsof virtual ob-
jects,is well-known, andover the pastdecadeor so sub-
stantialprogres$iasbeenmadein termsof hardwaresup-
portingthe conceptandmethodologiegnablingcredible
augmentationd?, 3].

Ourwork is aimedatrealistic AugmentedReality i.e.,
the virtual objectsshouldappeairs if they wereactually
part of the real scene. This is opposedo someAR ap-
plications,wherevisual realismof the virtual objectsis
notof particularimportancefor examplewhenaugment-
ing with hiddenstructuresuchaswiresandcablesnside
walls or otheropaqueelements.

Onepopularexampleof therealisticAR concepis spe-
cial effectsin film wherevisualizationsof e.g., extinct
animalsare augmentednto real scenesusing advanced

computergraphicstechniques. Film is not AR per se,
as definitionsrequire AR to be interactve, but without
doubtbig Hollywoodproductionshave demonstratethat
virtual objectscanindeedbe realisticallyaugmentednto
realscenesOnekey elementto achieving this realismis
thatthe virtual objectsarelit andcastshadevs just asif
they wereactuallypartof therealscene.

Two thingsmalke it difficult to transfermethodologies
from movie productionto realistic, interactve AR. First
of all lighting andshadav castingfrom virtual objectsis
manuallytunedandoptimizedwhenrenderinga scendor
afilm. Thisis avery complex andtime consumingtask
requiringgreatskill andexperience.Secondlythe com-
putergraphicstechniquesisedfor renderingfor film are
not suitablefor real-timeperformance.

In our work we have developedtechniquesvhich en-
able us to achieve quite corvincing resultsin real-time
with a methodwhich automaticallyestimateghe domi-
nantcharacteristic®f the lighting conditionsin thereal
scene,and usesthesecharactersticsvhen renderingthe
virtual objects. Figure 1 demontrateshe performanceof
ourtechniques.

Our work is primarily technicalin nature,aiming at
developingmethodsfor estimatinglighting conditionsin
real scenedor usein realisticAR. But in the subsequent
sectionwe will give a brief introductionto work on the
role of shadevsin visual perceptiorof scenes.

2 Shadows and perception

In realistic AR the goal is to malke virtual objectsindis-
tinguishablefrom real objects,andit is extremely rele-
vantto discussAR in the contet of (tele-)presence, i.e.,
the senseof presencexperiencecby a personsensinga
(partly) technologicallycreated/mediateekperience.

In AR a personis sensingthe real world "as usual”.
I.e.,thepersonis seeingherealworld with herown eyes,



Figurel: Top: arealindoor scenewith afew objectson a tabletop andtwo lightsourceglamps)outsidethefield of
view. Bottomrow, left: somevirtual objectshave beenaddedto the scenetaking occlusionsinto account. Bottom
row, right: samescene put with shadavs castbe virtual objectsadded.The lighting of thevirtual objects,including
thevirtual shadavs, aregeometricallyandspectrallyconsistentvith thelighting in thereal scenejeadingto greatly
enhancedealism. The bottomrow figuresare screenshotsfrom a programrunning at 30 framesper secondon a
standard®C with a GeForce2 graphicsacceleratiorcard,andthe virtual objectscanmove aroundthe scene.Notice
how the additionof castshadavs makesperceving the actualpositionof theleft spheremucheasier;in factadding
the shadavs seemdo pull the spheredown towardsthetabletop, butin reality the spheredoesnot move.



Figure?2: Virtual ball-in-box scenariausedin the experimentgperformedby Kersteretal., [5], leadingto the conclu-
sionthat shadavs arethe dominantcuewith respecto determiningthe spatialrelationshipshetweerobjects.In the
middle andtheright imagesthe ball is in exactly the sameplace,but the differentpositionsof the castshadav cause
completelydifferentinterpretationsegardingthe positionof theball relative to the surface.

eitherdirectly with see-througtHeadMountedDisplays
(HMDs), or by seeingavideoimageof therealworld ona
(HeadMounted)display Thereforejn thecontext of AR

applicationghereis alreadyarealworld, in whichtheper

sonexperiencesomelevel of presenceandif thelevel of

presencés nothigh, it isin principlenotdueto atechnical
imperfection(althoughwearingHMDs canbedistracting
andcumbersomeandthe relatively small Field-of-View

of HMDs is alsoafactor).

But as a concept,AR startswith an existing reality,
which the user/persorsensessa "first order” mediated
experience([1]). AR augmentssirtual objectsonto/into
this reality, creatinga revised reality, which is visually
differentfrom theoriginal one. Typically AR adds virtual
objectsto the sceneput in principlethe AR conceptcan
justaswell be usedto remove objectsfrom thescene.

Our goalis to addvirtual objects but to doit sorealis-
tically thatthey do notdetractfrom thepercevedrealism.
We do not dareto statethatvisual realismequalsexperi-
enceof presencebut we do dareto statethatif the aug-
mentedobjectsdo not appearrealistic, the credibility of
thewholescenebreaksdown. Slateretal., citeslatere95,
state”... presences afunctionof immersionandimmer
sionrequiresvividness. HereSlateretal. areequating
frameratewith vividnessandsimilarly we firmly believe
thatvisual realismsupportdmmersion,which againsup-
portsthe feeling of presence (That shadavs areimpor-
tantfor visualrealismshouldbe anobviousfact, but it is
substantiatedby recentwork on establishingquantitatve
measuresor visualrealism,[7]).

We havefoundsomeveryinterestingstudiesontherole
of lighting issuedn perceptionmorespecificallytherole

of shadavs in perception. If acceptedpur presentation
will discussourwork in the context of someof thatwork.
Below we briefly mentionsomeof the more prominant
resultswhich have a clearbearingon our work with mak-
ing AR morerealisticby ensuringthe virtual objectsare
subjectedo lighting conditionswhich areconsistentvith
therealscendighting.

Lighting, shadingandshadaving arethreeinterrelated
subjects. Lighting conditionscausea particularshading
of objectsandtherole of shadingn biologicalperception
of objectshapehasbeenacknavledgedfor mary years,
[4]. With aslight simplificationof mattersit canbe said
thattherole of shadings in shapegerceptiorof individual
objects,whereagherole of shadevsis a very strongcue
for therelative dispositionof objectsin ascene]6]. I.e.,
shadaevs primarily assistin the perceptionof the spatial
relationshipdetweerobjectsin ascene.

In fact studiesstrongly indicate that shadavs are the
dominantcuein thistask.l.e., shadev informationdom-
inatesover for example stereoscopidisparities,if the
two cuesarecontradictoryconcerninghespatialrelation-
ships,[5]. Thisis particularlytrue for dynamicallymov-
ing objectsand shadevs. Their studiesalso reveal that
shadev informationdominatesver otherstrongcuesfor
depthinformation,suchaschangen projectedsize. This
famousstudywasperformediusingthethecompletelyvir-
tual "ball-in-box” scenaricshawn in figure 2.

A studyhasoncebeenperformedwhich directly mea-
suredthe level of presencénducedby addingshadav in-
formationto completelyvirtual ervironments|[8]. At the
time of thestudyhardwareandsoftwaredid notallow fast
generatiorof virtual shadevs, sotheframeratesufierede



severely, but thestudydid shav thatshadevsledto anin-
creasen thelevel of experiencegresencéor thevisually
dominatedestpersons.

3 Our work so far

Thecoreof ourwork sofaris quitetechnicalin natureand
it is beyond the scopeof this abstractto give ary detalil
onthis. Thegistof theapproactwill thoughbedescribed
in the presentatiorif accepted Essentiallythe developed
methodallows us to determinethe lighting conditionsin
therealsceneandrecreateheseconditionsin thesoftware
performingthe visualizationof virtual objects,including
renderingthe shadaevs castby virtual objects. Theresult
is thatthevirtual objectsappeamorerealisticallyembed-
dedinto thesceneasfigure 1 shaved.

4 Futurework

With our currentlevel of performancdrom thedeveloped
techniquewe believe we have an extraordinarily good
startingpoint for further experimentation.Slaters study
onwhethershadaevs led to increasean presencdevel, [8],

was hamperedby poor performanceof algorithms,and
wasdonein completelyvirtual environments. With our
techniguesve canperform similar experimentsbut in a
muchmorerealisticsetting.

Similarly, the studyby Kerstenetal., [5], couldbere-
peatedn a morerealisticscenariahanthe "ball in box”
scenaricshavn in figure 2.

Lastly, we expectto benefitfrom someof more de-
tailed findings (not mentionedhere)in Kerstens studies,
allowing us to concentratecomputationalefforts on as-
pectsof shadavs which aremoreimportant. Becausdor
very complext scenest is still a computationaproblem
to createrealisticshadavsin realtime.

5 Conclusion

We have developeda methodto estimatereal scendight-
ing conditionsandto transferthemto visualizationof vir-
tual objects. This enablesrealistic real-time augmenta-
tion of realscenesvith animatedvirtual objects.We have

found several studieson the perceptuabhspectf shad-
ows andwithin the scopeof our researctprojectswe see
a greatpotentialfor exploring how our work canbe used
in moreexperimentatioron perceptiorof shadevs. Fur

thermorewe feel that our future work canbenefitfrom a
betterunderstandingf how shadevs areperceved.
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