
The Importance of Shadows in Augmented Reality

Abstract

In AugmentedReality (AR) virtual objectsare visually
addedto real scenary, i.e., the real sceneis augmented
with virtual objects.In someAR applicationsit is a goal
in itself thatthevirtual objectsareindistinguishablefrom
realobjects.A majordifficulty in achieving thisrealismis
to ensurethatthevirtual objectsarerenderedusinglight-
ing conditionswhichareconsistentwith thelighting con-
ditionsin therealscene.If thisdifficulty canbeovercome
the virtual objectscanbe shaded,andcancastshadows,
just as if they had actually beenpart of the real scene.
Ourwork focusesondevelopingmethodsfor determining
suchlighting conditionsandresultsshow thataddingthe
correctshadingandshadowing to virtual objectssubstan-
tially enhancesthevisualqualityof theaugmentedscene,
andmakesit mucheasierfor peopleto perceivethespatial
relationsbetweenrealandvirtual objects.

1 Introduction

The conceptof AugmentedReality (AR), where real
scenesare augmentedwith visualizationsof virtual ob-
jects,is well-known, andover thepastdecadeor sosub-
stantialprogresshasbeenmadein termsof hardwaresup-
portingtheconcept,andmethodologiesenablingcredible
augmentations,[2, 3].

Our work is aimedat realistic AugmentedReality, i.e.,
the virtual objectsshouldappearis if they wereactually
part of the real scene.This is opposedto someAR ap-
plications,wherevisual realismof the virtual objectsis
not of particularimportance,for examplewhenaugment-
ing with hiddenstructuressuchaswiresandcablesinside
wallsor otheropaqueelements.

Onepopularexampleof therealisticAR conceptis spe-
cial effects in film wherevisualizationsof e.g., extinct
animalsare augmentedinto real scenesusing advanced

computergraphicstechniques. Film is not AR per se,
as definitionsrequireAR to be interactive, but without
doubtbig Hollywoodproductionshavedemonstratedthat
virtual objectscanindeedberealisticallyaugmentedinto
realscenes.Onekey elementto achieving this realismis
that the virtual objectsarelit andcastshadows just asif
they wereactuallypartof therealscene.

Two thingsmake it difficult to transfermethodologies
from movie productionto realistic, interactive AR. First
of all lighting andshadow castingfrom virtual objectsis
manuallytunedandoptimizedwhenrenderingascenefor
a film. This is a very complex andtime consumingtask
requiringgreatskill andexperience.Secondly, the com-
putergraphicstechniquesusedfor renderingfor film are
not suitablefor real-timeperformance.

In our work we have developedtechniqueswhich en-
able us to achieve quite convincing resultsin real-time
with a methodwhich automaticallyestimatesthe domi-
nantcharacteristicsof the lighting conditionsin the real
scene,and usesthesecharactersticswhen renderingthe
virtual objects.Figure1 demontratestheperformanceof
our techniques.

Our work is primarily technicalin nature,aiming at
developingmethodsfor estimatinglighting conditionsin
realscenesfor usein realisticAR. But in thesubsequent
sectionwe will give a brief introductionto work on the
role of shadows in visualperceptionof scenes.

2 Shadows and perception

In realisticAR the goal is to make virtual objectsindis-
tinguishablefrom real objects,and it is extremely rele-
vant to discussAR in the context of (tele-)presence, i.e.,
the senseof presenceexperiencedby a personsensinga
(partly) technologicallycreated/mediatedexperience.

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



Figure1: Top: a real indoorscenewith a few objectson a tabletop andtwo lightsources(lamps)outsidethefield of
view. Bottom row, left: somevirtual objectshave beenaddedto the scenetaking occlusionsinto account.Bottom
row, right: samescene,but with shadows castbevirtual objectsadded.The lighting of thevirtual objects,including
thevirtual shadows,aregeometricallyandspectrallyconsistentwith thelighting in therealscene,leadingto greatly
enhancedrealism. The bottomrow figuresarescreenshotsfrom a programrunningat 30 framesper secondon a
standardPCwith a GeForce2 graphicsaccelerationcard,andthevirtual objectscanmove aroundthescene.Notice
how theadditionof castshadows makesperceiving theactualpositionof the left spheremucheasier;in factadding
theshadowsseemsto pull thespheredown towardsthetabletop,but in reality thespheredoesnot move.



Figure2: Virtual ball-in-boxscenariousedin theexperimentsperformedby Kerstenet al., [5], leadingto theconclu-
sionthatshadows arethedominantcuewith respectto determiningthespatialrelationshipsbetweenobjects.In the
middleandtheright imagestheball is in exactly thesameplace,but thedifferentpositionsof thecastshadow cause
completelydifferentinterpretationsregardingthepositionof theball relative to thesurface.

eitherdirectly with see-throughHeadMountedDisplays
(HMDs),or by seeingavideoimageof therealworld ona
(HeadMounted)display. Therefore,in thecontext of AR
applicationsthereisalreadyarealworld, in whichtheper-
sonexperiencessomelevel of presence,andif thelevel of
presenceisnothigh,it is in principlenotduetoatechnical
imperfection(althoughwearingHMDs canbedistracting
andcumbersome,andthe relatively small Field-of-View
of HMDs is alsoa factor).

But as a concept,AR startswith an existing reality,
which the user/personsensesasa ”first order” mediated
experience,([1]). AR augmentsvirtual objectsonto/into
this reality, creatinga revised reality, which is visually
differentfrom theoriginalone.Typically AR adds virtual
objectsto thescene,but in principle theAR conceptcan
just aswell beusedto removeobjectsfrom thescene.

Our goalis to addvirtual objects,but to do it sorealis-
tically thatthey donotdetractfrom theperceivedrealism.
We do not dareto statethatvisual realismequalsexperi-
enceof presence,but we do dareto statethat if the aug-
mentedobjectsdo not appearrealistic, the credibility of
thewholescenebreaksdown. Slateretal., citeslaterve95,
state”... presenceis a functionof immersion,andimmer-
sion requiresvividness.”. HereSlateret al. areequating
frameratewith vividness,andsimilarly wefirmly believe
thatvisualrealismsupportsimmersion,which againsup-
portsthe feeling of presence.(That shadows areimpor-
tant for visualrealismshouldbeanobviousfact,but it is
substantiatedby recentwork on establishingquantitative
measuresfor visualrealism,[7]).

Wehavefoundsomeveryinterestingstudiesontherole
of lighting issuesin perception,morespecificallytherole

of shadows in perception. If accepted,our presentation
will discussourwork in thecontext of someof thatwork.
Below we briefly mentionsomeof the more prominant
resultswhich haveaclearbearingonourwork with mak-
ing AR morerealisticby ensuringthe virtual objectsare
subjectedto lighting conditionswhichareconsistentwith
therealscenelighting.

Lighting, shadingandshadowing arethreeinterrelated
subjects.Lighting conditionscausea particularshading
of objects,andtheroleof shadingin biologicalperception
of objectshapehasbeenacknowledgedfor many years,
[4]. With a slight simplificationof mattersit canbesaid
thattheroleof shadingis in shapeperceptionof individual
objects,whereastherole of shadows is a very strongcue
for therelative dispositionof objectsin a scene,[6]. I.e.,
shadows primarily assistin the perceptionof the spatial
relationshipsbetweenobjectsin a scene.

In fact studiesstrongly indicatethat shadows are the
dominantcuein this task. I.e., shadow informationdom-
inatesover for example stereoscopicdisparities,if the
two cuesarecontradictoryconcerningthespatialrelation-
ships,[5]. This is particularlytruefor dynamicallymov-
ing objectsand shadows. Their studiesalso reveal that
shadow informationdominatesoverotherstrongcuesfor
depthinformation,suchaschangein projectedsize.This
famousstudywasperformedusingthethecompletelyvir-
tual ”ball-in-box” scenarioshown in figure2.

A studyhasoncebeenperformed,which directly mea-
suredthelevel of presenceinducedby addingshadow in-
formationto completelyvirtual environments,[8]. At the
timeof thestudyhardwareandsoftwaredid notallow fast
generationof virtual shadows,sotheframeratesufferede



severely, but thestudydid show thatshadowsled to anin-
creasein thelevelof experiencedpresencefor thevisually
dominatedtestpersons.

3 Our work so far

Thecoreof ourwork sofar is quitetechnicalin natureand
it is beyond the scopeof this abstractto give any detail
on this. Thegistof theapproachwill thoughbedescribed
in thepresentationif accepted.Essentiallythedeveloped
methodallows us to determinethe lighting conditionsin
therealsceneandrecreatetheseconditionsin thesoftware
performingthe visualizationof virtual objects,including
renderingtheshadows castby virtual objects.Theresult
is thatthevirtual objectsappearmorerealisticallyembed-
dedinto thescene,asfigure1 showed.

4 Future work

With ourcurrentlevel of performancefrom thedeveloped
techniquewe believe we have an extraordinarily good
startingpoint for further experimentation.Slater’s study
onwhethershadowsled to increasein presencelevel, [8],
was hamperedby poor performanceof algorithms,and
wasdonein completelyvirtual environments. With our
techniqueswe canperformsimilar experimentsbut in a
muchmorerealisticsetting.

Similarly, thestudyby Kerstenet al., [5], couldbere-
peatedin a morerealisticscenariothanthe”ball in box”
scenarioshown in figure2.

Lastly, we expect to benefit from someof more de-
tailedfindings(not mentionedhere)in Kersten’s studies,
allowing us to concentratecomputationalefforts on as-
pectsof shadows which aremoreimportant.Becausefor
very complext scenesit is still a computationalproblem
to createrealisticshadowsin realtime.

5 Conclusion

We havedevelopeda methodto estimaterealscenelight-
ing conditionsandto transferthemto visualizationof vir-
tual objects. This enablesrealistic real-timeaugmenta-
tion of realsceneswith animatedvirtual objects.Wehave

found several studieson the perceptualaspectsof shad-
ows andwithin thescopeof our researchprojectswe see
a greatpotentialfor exploring how our work canbeused
in moreexperimentationon perceptionof shadows. Fur-
thermorewe feel thatour futurework canbenefitfrom a
betterunderstandingof how shadowsareperceived.
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