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Abstract

Whena sceneis lit by a source of light, the radianceof ead point in the scenecan be viewed as having
two componentspamely direct and global. Recently an efcient sepaation methodhas beenproposedthat
useshigh frequencyillumination patternsto measue the direct and global component®f a scene The global
componentould arise from not only interre ections but also subsurfacescatteringwithin translucentsurfaces
and volumetricscatteringby participating media.In this paper we usethis methodto measue the direct and
global component®f a variety of natural and man-madematerials. The computeddirect and global images
provideinterestinginsightsinto the scatteringpropertiesof commorreal-worldmaterials e havealsomeasued
the two componentdor a 3D texture as a functionof lighting direction. This experimentshowsthat the global
componenbf a BTFtendsvary smoothlywith respecto the lighting directioncompaedto the directcomponent
of the BTF. Finally, we applythe sepaation methodto a translucenbbjectfor differentimaging andillumination
scales(resolutions) Theresultsobtainedshowhow the BSSDRFof the objectgradually reducedo a BRDF as
onegoesfrom ne to coarsescale All the measuementresultsreportedhere, aswell as several others, canbe

viewedas high resolutionimagesat http://www1.cs.columbia.edu/@E/projects/sepaation/sepaation.php.

Catggories and SubjectDescriptors(accordingto ACM CCS) 1.3.7 [Computer Graphics]: Three-Dimensional
GraphicsandRealisml.4.1[ImageProcessinggnd ComputeVision]: Digitization andimagecapture

1. Intr oduction

When a sceneis lit by a sourceof light, the radianceof
eachpointin the scenecanbe viewed ashaving two com-
ponents,namely direct and global. The direct component
arisesfrom the directillumination of the scenepoint by the
light source The globalcomponentesultsfrom the illumi-
nationof thepointdueto scatteringdf light from otherpoints
in the sceneThe globalillumination canresultfrom a vari-
ety of effects,including,interre ections,subsurhcescatter
ing andvolumetricscattering Recently the authors;in col-
laborationwith Michael Grossheg atthe City University of
New York andRamesHRaskarat MERL, have proposecef-
cient methodghatusehigh frequeng illumination patterns
to separat¢hedirectandglobalcomponentsf ascendit by
a singlelight source[NKGROg. The illumination patterns
include shifted checlerboardpatterns shiftedsine patterns,
shadavs castby atranslatingine occluderandshadavs cast
by arotatingmeshoccluder

The goal of this paperis to presenseparatiorresultsfor
a variety of real-world materialsand objects.For this, we
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have useda 1280x720DLP projectoranda 1024x728color
camera.We have used the shifted checlerboard method
[NKGROg with checler sizesin the rangeof 4x4 to 8x8
(in projectorpixels).In the remainingof this paper we will
shav our experimentalresults.ln each gure, the detailsof
theresultarediscussedh thecaption We concludewith sep-
arationexperimentsin which the sourcedirection,the reso-
lution of the cameraandthe resolutionof the illumination
patternarevaried. Theseexperimentsshav the decomposi-
tion of a BTF [DVGNK99 into its direct and global com-
ponents,and the transition of a BSSRDF[JMLHO0]] to a
BRDF [Nic70] asthe scaleof obseration andillumination
variesfrom ne to coarse.

The examplesshavn hereillustrate how real-world ob-
jectsinteractwith light aswell asopticallyinteractwith each
other (hencethe term "visual chatter"). Someof thesein-
teractionscon rm our intuitionson how globalillumination
works. Othersreveal surprisingeffectsandprovide new in-
sightsinto the scatteringpropertiesof commonplacenateri-
als.
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Scene Direct Global

Figure 1: Concae and Cornvex V-Grooves: This sceneincludestwo identical V-grooves,exceptthat the left oneis concave
andtheright oneis corvex. Thetwo sidesof eath groove are madeof mattepaper (white on left sideand pink on theright).

Asexpectedthe corvex groove hasno globalillumination while the concaveonehasa strongglobal componentiueto diffuse
interre ections that increasetoward the edge of the groove The interre ections causethe color of one sideto "bleed" into

the other Several studieshavebeenconductedn psydophysicghat showthat interre ections play an importantrole in the

perceptionof shapeandcolor [Gil79] [BKH99.

Scene Direct Global

Figure 2: Kitchen Sink: This sceneincludesobjectsin a sink lled with water Sincethe water is clear it servesas a fully
transpaent mediumand doesnot in uence the scatteringeffects.lt is worth noting that the computedirectimage lookslike
a synthetiamage rendeed usinga single-bounceenderingpadage sud asOpenGL All theinterre ectionsbetweerthesink
andtheobjectsare observedn theglobalimage. Noticethe stronginterre ectionsat theedgsand corners of thesinkandthe
occludingboundariesof the curvedobjects.

Scene Direct Global

Figure 3: TranslucentColoredBalls: Theballs in this sceneexhibit very strong subsurfacescatteringwhich causeshemto
"glow" undervirtually anyillumination[ JMLHO1] [GLL 04]. We seethatall thesubsurfacescatterings captuedin theglobal
image. Perhaps,dueto strong multiple scattering the global imagesof the balls havevery little shading causingthe balls to
appearlike at discs(particularly, the greenball). Ontheotherhand,thedirectcomponentevealsthe sphericalshapesf the
balls andtheroughnessf their surfaces.

¢ TheEurographic#ssociation2006.



SheeK. Nayar& GurunandanG. Krishnan/ Visual Chatter

Scene Direct Global

Figure4: Pink Carnation: In thecaseof this ower, weseethatin thedirectimage theshadowsastby the petalson eac other
are strong and the petalsthemselvesppeargrayishand somevhat listless.As a result,the directimage looksmotre like that
of a synthetic ower thana natural one It is interestingto notethat mostof the color of the ower arisesfromglobal effects.
Theséancludetheinterre ection of light betweernthe petalsaswell asthediffusionof light throughthe petals.Boththeseeffects
causea "sharpening"of the spectal distribution of the light [FDH91]. Asa result,in this example the color of thelight gets
more reddishafter eac bounceor diffusion.

Scene Direct Global

Figure 5: Hybrid Tea RoselLeaf: Althoughthe leaf is thin, it exhibits a noticeableglobal componenbver its entire area.
Thisis becausehe entire leaf hasa spongymesophyllayer, beneaththe upperepidermisand palisademesophyllayers, that
exhibits subsurfacescattering In particular, the global components strongfor the veinsof the leaf Thisis probablybecause
theveinsare translucentasthey are madeof vasculartissueghat carry water minerals andsap.Seeg PSOHO03 for detailson
theanatomyof the leaf.

Scene Direct Global

Figure6: PlasticCupwith Milky Waterand Coin: In thisexampletheglobalimage includesthevolumetricscattering Cha5Q

[1sh7g of light by the milky water (referredto as"airlight" in atmospherioptics[Mid52] [McC76) in thecupaswell asthe
secondaryllumination of the coppercoin by themilky water[ SRNNOh Thedirectcomponenincludesthespecularhighlights
on the coppercoin dueto directillumination of the coin by the souce This components attenuatedreferred to as "direct
transmission'in atmospherioptics[Mid52] [McC76) by the milky waterasit malesits wayto the camer. Thewaxcandle
ontheright hasa strong subsurfacescatteringcomponentAs a result,all of its color is captuedin the global image andthe
directimage only includesthe surfacere ection (highlights)fromthecandle
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Scene Direct Global

Figure 7: Blonde Hair: In this example we seehow blonde hair decomposesto its direct and global componentsit is
interestingto notethat the directcomponentnalesthe blondehair look like dark tan hair. Furthermoe, the directcomponent
revealsthe complex BRDF of individual hair bers, which is dueto the nested-constructue of each ber [SGF77 [BS9]1
[LKKOQ] [MJC 03]. Onecanobservethe comple structuesof the specularhighlightsas well as rainbowscatteringeffects
that are knownto occurin hair bers. In contrast, the global componenhasthe appeaanceof a at texture sud asthat of
nished wood[ MWAMOSY. Theglobal componenarisesfrom multiple re ections of light betweerthe hair bers [MJC 03]
andis seento accountfor the color of the hair.

Scene Direct Global

Figure 8: Hand: Here, we showsepaation resultsfor the hand of an AsianIndian male Notice how the direct component
mainly includesthe surfacere ection dueto oils and lipids on the skin. It also revealsthe details of the micro-geometryof
the skinsurfacel UKM 96] [HEGO0] [KP03 [CDMRO04. Mostof the color of the skincomesrom subsurfacescattering as
seenin theglobalimage [HK93] [DHT 00] [JMLHOY [TOS 03] [WMP 05]. In contrastto thedirectcomponentthe global
componentloesnotrevealtheroughnessf the skin's surfaceand only includesalbedovariations. Thedetailsof the geometry
andopticsof skincanbefoundin [INNO5|.

Scene Direct Global

Afric. Amer. Chinese  Spanish  Afric. Amer. Chinese  Spanish  Afric. Amer. Chinese Spanish
Female Male Male Female Male Male Female Male Male
Figure 9: Handsof DifferentRaces:Thesepaation resultsfor threemore handsof peopleof different nationalities: African
Americafemale(left), Chinesemale (middle)and Spanistmale(right). In thesespeci ¢ handsthe micro-geometryof the skin
is quite different, as seenfrom the direct componentOnceagain, the colors of the skincomefrom the global componenand

dependn the melaninand hemalobin levelswithin the skin[ TOS 03] [INNO5.
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Scene Direct Global

Lighting Direction

30degrees 20degrees 10degrees Odegrees

Figure 10: Direct and Global BTF of Pebbles: For this sampleof pebblestaken from the CURET database] DVGNK99
we varied the source directionin a plane between-30 and 30 degreesin stepsof 10 degrees(whele 0 degreescorresponds
to the viewing direction), and performedthe sepaation for ead source direction. The endresultis a decompositiorof the
BTF [DvGNK99 into its directand global componentsiNotice how the directimageslook like real images of dark pebbles.
Theglobal imagescaptue the subsurfacescatteringwithin individual pebblesaswell asthe comple interre ectionsbetween
neighboringpebbles As the source directionvaries,the directimagesvary signi cantly within local regionsas the shadows
shift and the shadingchanges. However, the global image varies more smoothlywith respectto the lighting direction. This
con rms our intuition thatthevariationin globalillumination tendsto be smoothwith respecto lighting direction.

Scene Direct Global

Resolution (Scale)

Figure11l:BSSRDFandBRDF of Marble asa Function of Scale:In thisexample weshowsepaation resultsfor a marbletile

for differentresolutionsf imaging andillumination. For scale= 1, theresolutionof the camen wassetat the nativeresolution
of 1024x768and the sepaation wasdonewith a chederboad patternwith cheders of 4x4 projector pixels.For lower scales
of 1/n, theresolutionof the camen wasreducecdby aggregating nxn pixelsandthe cheder sizeof theillumination patternwas
increasedo 4nx4n.Atscale= 1, weseea slightdirectcomponenanda dominantglobal componenfJMLHO1 [GLL 04]. In

contrast,at scale= 1/6, we seethat the global componenis nearly zeio everywhee andthe directcomponentis almostequal
to the original image. This exampleshowshowthe BSSRDFof a translucenibbjectdominatesat ne scalesbut reduceso a

BRDFasonegoesto coarserscales.
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