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Abstract. Altering the viewing parameter®f a 3D objectresultsin computer
graphicsimagesof varying quality. Oneaspecbf imagequality is the composi-
tion of theimage.While the estheticpropertiesof animagearesubjectve, some
heuristicausedby artiststo createémagescanbeapproximatedjuantitatvely. We
presentan algorithmbasedon heuristiccompositionakulesfor finding the for-
mat, viewpoint, andlayout for animageof a 3D object. Our systemcomputes
viewing parametergutomaticallyor allows a userto explicitly manipulatehem.

1 Introduction

Compositionis taughtto artistsby shaoving them a few simple rules, then shaving
thema numberof pitfalls to avoid. We applyrulesfrom theartisticcommunityaswell
asobsenationsfrom the psychologyliterature. Perhapst would be more systematic
to extractcompositionaprinciplesentirely from the psychologyliterature,but whatis
currentlyknown in thatfield [15,18,21] is notyet specificenoughto allow automation.
While automationis not neededby artistswho know both how to apply andwhento
breaktheserules,our systemis intendedfor the morecommonnon-artisticuser

Little work dealingwith artistic compositionhasbeenpublishedin the computer
graphicsliterature. Feinerand Seligmann[9, 17] borrowed principlesfrom technical
illustration. Kawai et al. [11] automatedhe creationof pleasinglighting. Both He et
al. [20] andKarp and Feiner[10] examinedhow animationsequenceare developed.
Kowalskietal. [12] have exploreduserguidedcomposition.

2 Compositional Principles

In art, heuristicsfor creatingimagesof 3D objectsfall into threegeneralcateories:
choosingheformat (imagesize,shapeandorientation);,choosingtheviewpoint; and
choosinghe layout of the objectontheimageplane.

2.1 Format

Theformatof animagedescribedts shapeandproportions.An imagethatis widerthan
it is tall hasalandscapdormat,imageshataretaller thanwide have a portrait format.
Artists usethe following rule of thumb [5], landscapdormatsshould be usedwith
horizontalobjects,andportraitformatswith vertical objectsasin Figure5 This allows
the objectto becomepartof theformatratherthandividing it asshavn in Figurel(a).

While the proportionsof the format are chosenat the whim of the artist, mostart
instructorsagreethatthe formatof animageshouldbe establishedirst [5]. Early work
in psychologyshavedthatthe goldenratio seemso be preferred3, 16]. The golden
ratiois (v/5 + 1) /2 ~ 1.618. Artists oftenuseafive by eightformat,whichis regarded
asbeingderivedfrom thegoldenratio.
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(a) Theimageontheleft hasa verticalfor- (b) Left: an“accidental”view whereone
matin accordwith the subject.Likewise,in of thecows hindlegsendsup directly be-
the horizontallower image. The subjectin hind a front leg. Right: the samecow
the upperright imageis out of relationship from a slightly perturbedviewing direc-
with theformatanddividestheimage. tion.

Fig. 1. Examplesof someformatingandviewpoint heuristics.

2.2 Viewpoint

Psychologistshave studiedviewers’ preferencegor one viewpoint over anotherfor
particularobjects. A viewpoint thatis preferredby mostviewersis called a canoni-
cal viewpoint Palmeret al. [13] found that canonicalviewpoints are off-axis, while
Verfaillie [19] discoveredthata three-quarteview of afamiliar objectis preferred.

A thoroughinvestigationof canonicalviews wasrecentlycarriedout by Blantz et
al. [6]. They foundthreepredictorsof whethera view is canonical:the significance
of visible featuresfor a given obsenrer, the stability of the view with respecto small
transformationsandthe extentto which featuresareoccluded.

Significantfeaturesfor an obserer may include the facial portion of a head,the
handleof a tool, or the seatof a chair. In viewing objects,Blantz et al. found that
peoplepreferredviews which expressedhe mannerin which anobjectwasseenin its
ervironment,i.e. chairsareviewed from above while airplanesmay be viewed from
above or below. They alsofounda distinctlack of “handednessivhenhumanschoose
preferredviews. For example,whenviewing a teapota right handedviewer did not
mindif thehandlewasplacedontheleft sideof theimage.

Imagestability meansthat the viewpoint canbe moved with little or no changen
theresultingimage. Many psychologyresearcherbave shavn thatobjectsin a scene
which sharean edgewill confusea viewer [4,5,15]. For examplethe viewpoint that
produceghe“threeleggedcow” in Figurel(b)is never pickedasacanonicaliew.

Whensubjectsn the Blantz et al. studyweregiventhe ability to choosethe view-
pointfor anobject,it wasdiscoveredthatthe subjectgperformedaninternaloptimiza-
tion to find a viewpoint that shaved the smallesthumberof occlusions.This occurred
for bothfamiliar objectsandartificial geometricconstructs For instancewhenchoos-
ing a viewpoint for a teapotthe subjectsalways choosea viewpoint that shavs both
the handleandthe spout. This resultagreeswith Edelmanet al. [8] who shaved that
canonicaliewsfor “nonsense’bbjectsmayalsoexist.

Artists have their own heuristicsfor choosingview directionsthat are consistent
with the psychologyresults:pick anoff-axis view from anaturaleye height. Direct 45°
anglesareavoided. Anotherruleis to have the projectionsof front/side/topof the object
to haverelative areasf 4/2/1onthecarvas|2, 18] (oftenexpresseds55%/30%/15%).
Thefront andsidedimensionganbe exchangedlependingon the object.



Fig. 2. Halving the carnvascreatesstatic compositionsvhich are peacefuland quiet, but may

seemdull. Dividing the carvasinto thirdsyieldsa more dynamicimage. Notethattherulesare
appliedbothhorizontallyandvertically (after Clifton [7]).

2.3 Layout

The bestknown rule of layoutis the rule of thirds (Figure 2). By partitioning their
carvasinto thirds both vertically andhorizontally and placingthe strongverticaland
horizontalcomponentsf theimagenearthesdines, artistsavoid equalspatialdivisions
of theirimage.Equalspatialdivisionsgive animagebalanceandsymmetry However,

equaldivisions may also causean imageto be dull, dueto the lack of ary dynamic
quality in the image. Artists have also found the rule of fifths useful. Division into
quartersis to be avoided becausehe centerlineintroducestoo much symmetry|[7].

Theserules canbe mixed by dividing the carvasinto thirds alongone axis andfifths
alongtheother, asin Figure5.

Thereare additional, often contradictory minor layout heuristicstaughtto artists
which are quantifiable. Art theoristscontendthat the mostimportantinformationin
theimageshouldbe placednearthe center[3, 18]. However, studiesshow thatobjects
in a sceneshouldbe repelledfrom the cornersand centerof the format [2]. Having
chosera viewpoint, it is goodpracticeto placethe objectin the bottomportion of the
imageif theviewpointis abovethe objector to placethe objectin thetop portionof the
imageif theviewpointis belov the object. Strongdiagonallinesyield amoredynamic
image. However, lines orientedtoward cornerstendto draw the viewerseye off of the
image[7].

3 Computer Graphics I mplementation

The previous sectionshavs a methodfor constructingmagesby first choosingformat
basedn objectaspect-ratioThenchoosingheviewpointto beboth off-axisand“nat-
ural” for the object. Finally, the objectis “framed” within the boundarie®f the format
to producea pleasingayout. Thesestepdeaddirectly to our algorithm.

Our algorithmattemptgo find a goodcompositionfor a computergraphicsimage
of a3D object. Thealgorithmcanberunin afully automaticnodeaslong as“front”
and“top” aredefinedfor the object,but userinterventioncanbeappliedatary stage.

We first have the userselecta format of eitherportrait or landscapdor a five by
eightcarvas.Our defaultis landscapeTheformatcould be found automaticallyusing
theprincipledirectionof the orthographigrojectionof theobject. We thencomputean
initial off axisviewpointfor theobject.Finally, we usearobustoptimizationprocedure
to perturbtheviewing parameterguidedby heuristicrulesfor layout.



3.1 Viewing Parameterization

Of the mary possiblewaysto specify viewing parametersye choosea systemwith
dimensionghatareasintuitive aspossibleto helpusgaininsightinto the optimization
space Wefix two parameterto reducethedimensiorof thespacewe searchduringthe
optimizationprocess.The view-up vectoris fixed to be parallelto the “top” direction
of themodel.We alsofix the horizontalandverticalfield-of-view parameters.

Our free variablesare the two sphericalcoordinatesof the vectorfrom the object
centerto the camerathe two sphericalanglesof camerapanandtilt relative to that
vector andthe distanceof the camerato the objectcenter This givesfive free vari-
ables thefirst two correspondingo rotatingpositionaroundthe object,the secondwo
controllingcameraorientationrelative to the object,andthelastallowing thecamerao
move toward or away from the object.

3.2 Initial Viewpoint

As a default we choosea viewpoint above andin front of the object. We setleft and
right arbitrarily dueto thefinding of Blantzetal. [6] thatviewersdo not seento have a
preferencdor left versugight views. Thespecificthreequartewiew of the objectis set
accordingto the4/2/1rule describedn Section2.2. Giventhe octantthe viewpointre-
sidesin thereis auniquedirectioncorrespondingdo the proportionsof theorthographic
projectionof the objectsboundingbox. Oncetheinitial view directionis fixed,theini-
tial distancefrom objectcenterto viewpointis setto betwice thewidth of thebounding
box so we are certainour viewpoint is on screen.Otherwiseour layout optimization
couldcorvergeto a degeneratéocal minimumcreatedy a blankscreen.

3.3 Layout Optimization

Oncewe have aninitial viewing direction,we would like to usearule suchastherule
of thirds, to perturbthe viewing parameterinto a “good” composition.We would like
to detectimportantimagefeaturessuchassilhouettescreasdines, strongillumination
gradients,and importantsemanticfeatureslik e faces. However, we have madeour
exploratorywork assimple as possibleandfocusonly on silhouettes.We would like
our optimizationprocedurgo move silhouettdinesnearthird or fifth lines.

We assumehatour modelis polygonal,with atleasta mediumlevel of tessellation,
and computesilhouettesn a bruteforce fashion. If the model occludesa silhouette
edgewe call thatedgea hiddensilhouette.For simplicity we do not eliminatehidden
silhouettes and usethe silhouettemidpointsfor computation. We projecteachmid-
points onto a target image with pixel valuesbetweenzero and one (Figure 6). The
targetimagecontainsatemplatewith dark pixelsnear‘magnet”featuresandlight pix-
elselsavhere.Minor layoutheuristicscanbe combinedwith therulesof thirdsor fifths
by compositingtheir respectre templates. Note that ary grey scaleimage could be
usedto drive our optimization. Figure 5 shavs a compositionatemplateinspiredby
the famous‘diamond” compositionof Van Gogh’s Irises (1890) The objective func-
tion is the sumof the pixel valueshit by silhouettemidpoints. A setof silhouetteghat
landsmostly on darkpixelsis “good”, anda setthathits mostlylight pixelsis “bad”. If
amidpointlandsoff-screenjt takeson the valueoneplus a linear distanceterm. This
allows edgedo be off screenput encouragethemto move towardthescreen.

Theobjectivefunctionis reasonablyvell behaed,althoughwith unknovn gradient.
This makes the downhill simplex (NelderMead)[14] methodwell-suitedbecauseat
doesnotrequireanalyticderivativesfor the objective function.



A concernis that the global minimum for our objective function is to move the
camerdaraway with apanandtilt thatprojectsall edgesontothedarkestpixel. Fortu-
nately thereseento beenoughappealingocal minimafor thisnotto occurin practice.
Ourgoalis areasonablémage,insteadof the globalminimumfor the objective func-
tion, thereforea local minimum meetsour needs. Another concernis that by using
midpointsof sggmentsbothshortandlong edgeshave equalweight. We could weight
edgesby length, but equalweighting gives extra importanceto highly polygonalized
regionswhich oftencorrespondo preferredsemantideaturessuchasfaces.

Oncethelayoutoptimizationhascorverged,we run a secondanpptimizationthat
attemptsto eliminateaccidentalviews that arisefor coincidentsilhouettes. A result
of this secondaryprocesdss showvn in Figure 1(b), wherethe cows hind leg becomes
unoccludedChangingheviewing distancepan,andtilt donotaffectaccidentaliiews.
Thereforewefix thesevaluesandallow thesecondarpptimizationto operatén thetwo
dimensionabpaceof view angles.Theobjectivefunctionthatis minimizedfor this step
is oneover a constanterm plus the sumof squareddistancedbetweenall midpoints.
The constantermkeepsthe functionfinite. Althoughthis computationis quadraticon
thenumberof silhouetteedgesthe objective functionis only two dimensionabndthus
this stageis not a bottleneck. Becausewe are only trying to climb away from local
minimawheresilhouetteedgedine up we run the secondanpptimizationfor just 100
iterations.

34 Resaults

Our systemwasimplementedn C on a250MHz R10000SGlI Origin. Figure7 shows
the resultsof our algorithmon a 69473triangle model of a bunrny. This imagecon-
vergedin 272 iterationsandtook approximatelythree minutesin the initial stageof
optimization. The secondanpptimizationto remove a possibleaccidentalview took a
few secondsFigure5 shavs a 6272polygontoy plane,with overlaidlayoutsolutions
from two initial viewpoints,oneabose andonebelon. The solutioncorvergedin 165
iterationsandtook approximatelysix seconds.

Figure5 shavstheinitial viewpointcomputedor a5804polygoncow model,along
with threedifferentlayout solutionsoverlaid on their templates.The rotatedtemplate
wasinspiredby the famous‘diamond” compositionof Van Gogh's Irises (1890) This
imagelayoutcornvergedin 133iterationsandtook aboutfive secondgo compute.

4 Conclusions and Future Work

We presentedan overview of compositionalprinciplesanda proof-of-concepimple-
mentatiorthatautomatesreationof simpleimagesasedn quantitatve compositional
heuristics. Therearemary directionsto take thiswork. Ourobjective functionoperates
onsilhouetteedgesvhich maynot correspondo importantimagefeatures.

Ouralgorithmswork with singleobjectsratherthanscenesin scenesthegrouping
of objectsshouldbe donein amannemwhich tells a storyaboutthe objectsor describes
their relationshipwith one another Thereare compositionalrulesthat can sene as
guidelinesin this procesd4,5,15]. Calahan1] explainshow lighting canbe usedto
control perceved groupingof sceneelements.Theseprocessesire highly dependent
on scenesemanticandmay thusbe difficult to automate Advancedcompositionwill
mostlikely remainthe domainof the trainedartist. However, the increasingnumber
of computeruserswith no formal artistictraining providesa large market for toolsthat
assistin theaesthetigrocess.
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Fig. 5. Top: toy planewith rule of thirdslayout
andviews from belowv andabove. Bottom: toy
planerenderedvith view from above.

Fig. 3. Therulesof thirdsandfifths areexam-
plesof heuristiccompositionatules.Linearel-
ementoftenrun alongthesdinesandkey fea-
turesoften occurat line intersections.(Banjo
LessonHenry Tanneroil oncarvas.)

Fig. 6. Two imageghatguidelayoutoptimiza-
tion. The dark areasattractsilhouetteedges.
The edgeswill tendto fall “downhill” toward
thesedarkregions.

Fig. 4. Top left: initial viewpoint. Top right:

combinedrules of fifths and thirds. Middle Fig 7. Left: Bunry overlaid on a portraitfor-
left: rule of thirds. Middle right: angledrule mat combinedrule of thirds and fifths tem-
Oflthlrfdti" gottom: renderedcow from angled pjate. Right: the resultingshadedmage.

rule of thirds.



