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Figurel: Depictionof threeintersectingview cones.

1 Introduction

Thisdocumenpresent schemdor extractingathree-dimensionajuadmeshsurface
geometryof an objectwhoseshapeandmotion is capturedwith multiple "ordinary”
camerade.g. film or video cameras). The geometricproblemis depictedin figure
1. In this approachthe outline of the objectin the image plane of eachcamerais
projectednto space.Theprojectedvolumesfrom eachof mary camerasntersectwith
boundarieghat may be quite complex. The red, green,andblue conesrepresenthe
projectedvolumescomingfrom the camerast their apexes. The objectthatthey view
mustbe inside the volume commonto all of the projectedvolumes. The surfacethat
coverstheintersectiorof the projectionsis a boundinghull of the actualobject. With
mary camerasurroundinghe objectin mary differentviews, theintersectiorsurface
approachetheactualshapeof the object.

Thealgorithmis ableto capturea 3D modelevenwhenjusttwo cameragreused.
With morecamerasthe modelmorecloselyresembleshe actualobjectshape.How-
ever, atall stagesandwith ary numberof camerasthealgorithmis "robust” and”res-
olutionindependent”.



Whatfollows in this documentis arrangedn this way:
e Thebasiccameramagingequationgor mary camerasrepresented.

¢ Weintroducethesilhouetteof theobjectandthe projectedvolumethatit implies.
A systematigarametriadescriptionof the surfaceof this volumeis created.

e Theintersectiorof two projectedsilhouettess acurvein space Theconstruction
of thatcurve is workedoutin detail, for the intersectiorof two cameras.

¢ A procedurds generatedior creatingthesurfaceof intersectiorfor two cameras.
This speciallimiting caseallows a lot of mathematicagrindingto be explained
in thesimplestcasepossible.

e The surfacegenerationprocessfor two camerass generalizedo N cameras,
with someloosenesi theexplanation.The processs aniterative schemébased
onmultipletwo camerantersectionsHowever, thealgorithmdoesnotsingleout
ary cameraasacontrolor specialonein ary way. The outcomeis independent
of the orderin which camerasare used,althoughthe intermediatestepshave
someorderdependence.

¢ We backup anddefinein moredetailtheintersectioroperationrandthe datathat
is produced.

2 Imaging Equations

The basicequationfor imagingmapspointst’ in 3D spaceto pointsX on the image
plane.Usingthe camergositiontc andthe camergoointingdirectionii, theimaging
equatiorfor theperfectcameras

) (1)

It is easyto verify that,althoughX is written asa pointin 3D spacethelocusof such
pointsasr variesall lie on a planethathasii asits normal. Also, the units of X are
dimensionles&tangent” units.

For multiple camerasit is necessaryo add somenotationalbaggagewvhich may
seemallittle awkward,but it is chosenn anticipationof evenmore notationalbaggage
to come. We will designatehe positionandpointing directionfor camerak astc|[k]
andi[k]. Pointson theimageplanefor camerak arex[k]. A point¥ in spacemapsto
theimageplaneof camerak as
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3 ThelmagePlane Silhouette of a 3D Object in Several
Cameras

Weimaginea scenecontainingoneor more3D objectsandtwo or morecamerasThe
camerasreplacedsothatary objectsof interestarewithin the FOV of eachcamera,
but the cameragdo not have to be pointing to a commonpoint, or distributedin the
scendan somespecialway (althoughtherearesomeweakrequirement®n thecamera
distribution, presentedn latersections).

The imageof eachobjectin eachcamerais boundedby a silhouette,definedfor
our purposessthe closed,contigousboundaryof theimageplaneobjectdata. Every
silhouettehasa closedboundaryevenif the edgesof theimageplaneis a partof that
boundary For mostobjectsandscenesthe objectwill have a complex silhouettethat
is not corvex. For out purposeswe will wantto useonly corvex silhouetteswhich
canbe constructedy dividedup a complec oneinto a setof corvex ones.Theimage
planefor camerak hasasetS[k] = {S;|i = 1,..., N} of convex silhouettesS;[k],
includingindependenbbjectsandcomplex objectsthathave beendivided up.

The boundaryof eachsilhouettecanbe parameterizedby a closedcorvex curve
dependenbn a single parameterFor the purpose®f this algorithmdevelopmentwe
arenot particularyconcernedvith whetherthe parameteis continousor discrete but
we do requirethatit be contiguous. If the parameteiis ¢, with t,,;, < t < tmas,
we requirethatast incrementsfrom t,,,;,, 10 t,.42, the boundingcurve is traversed
exactly and completelyonetime. We mustalso be free to definethe points on the
boundingcurve for parametewvaluesoutsidet,,,;, andt,,.,. Thisis accomplished
usingbranchingwith thecurve givenasafunctionof modulo(t —#,in, tmaez —tmin) +
tmin-

For camerak, corvex silhouettei, the boundingcurve will bedenotedg?[k](t).

Eachimageplanecorvex silhouettecanbe projectedinto the 3D spaceasa cone-
like volume with a cross-sectiorsimilar to the boundingcurve. The surfaceof the
silhouettevolumeis obtainedust by raytracingevery pointontheboundingcurve into
spaceThus,theprojectedsilhouettehasthe surfacepoints

tlk](t,s) = Fo[k] + st[E](?) , 3)

with theray direction _
R X'[K](t) + Dk]
O = e )+ ae) “
Obviously for the projectedvolume,s > 0 andt is boundedby the min and max of
thatcorvex silhouette.
From this point on, the silhouetteindex labels will be suppressedjnderstanding
thatreferenceao ary silhouetteimpliessucha label.

4 Projected Silhouettes. I ntersection Constraints

If two projectedsilhouettesfrom two separate&eamerasintersect,the intersectionis
characterizedby a curve in spacethatis thelocusof pointsthatareon the surfacesof



bothprojections.This curve, for two camerag andd, is definedby the equation

tlc|(te, sc) = Tld](ta, 5a) )

for suitablechoicesof the parameters,, t4, s., ands,. Thisvectorequationprovides
threeconstraintson the four variables,leaving effectively one degreeof freedomfor
thecurve.

In this sectionwe will examinethe constraintsand propertiesof the intersection
curvethatarise. The outcomeof this examinationis a reductionof equations into ex-
pressiondor s, andsg, alongwith a procedurdor computingt, andt, from asingle
parametewhich we label £. This single parameteis the one degreeof freedomde-
scribingthefinal curve. In the next section theseresultsareappliedto build aconcrete
setof datastructuresand proceduredor building a self-consistentlescriptionof the
3D curve of intersection,including the impactof limited resolutionin the silhouette
datain eachcamera.

After a little vectormanipulationwe cansolve for s. andsg directly in termsof
(], #[d], andavectorAricd] = Tc[c] — Fc[d] as

il (1 #{d)fld) - Afde] ©

‘ 7l - (1 - fldeld) -l

o = Tl (0=l - AFfed -
- (1 FldFle) - 71d]

Thesetwo equationsare symmetric,sinceone canbe obtainedfrom the othersimply
by interchanginghec andd indices.Anotherwayto look atthesesolutionsis to define
thetwo unit vectorsé[c|d] andé&[d|c] by

alolgl — (L= F[dIF[d]) - T[c]
A= S~ el -£1 @
(switchc andd in this expressiorto geté[d|c]). Thesolutionsarethen
sc = &[c|d] - Ar]dc] 9)
sq = &[d|c] - Ar]cd] (10)

The solutionsfor s, ands,; eatup two of the constraintsn equation5. Thefinal
onecanbe usedto createa relationshipbetweerpointson theimageplaneof camera
d andthe pointson theimageplanein camerac. As a stepin thatdirection,notethat
oneof theoutcomeof equations is the condition

(#[c] x #[d]) - AF[ed] =0 . (11)

This saysthatthe ray directionsi[c] andi[d] form a planethatcontainsAr{cd]. This

is only true whenthe raysintersect. This equationalso providesthe final constraint
equationthatwe areleft with. Expandingthet vectorsusingequationd, we arrive at

thefollowing constraint:

0 = {(X[c](tc) +aife]) x (X[d](ta) + A[d])} - AF[ed] = A(te, ta) (12)



Whenthis equationis satisfied pointson the imageplaneof one cameraaredirectly
mappedo pointson the otherimageplane.

Notethatthe equationis pseudo-quadratitn imageplanecoordinatesThis means
thatpointsof intersectiorthatsatisfyequationl2 comein pairs,i.e. themappingis 1-
to-2n, wheren > 0 is someinteger. This pairwisemappingpropertyapplieswhether
mappingfrom camerac to camerad, or from d to c. Geometrically the reasonfor
this behavior is that one of the pointsof a pair is the "entry wound” of a ray from a
cameranto thecommmonsurfaceregion, andthe othermemberof the pair is the "exit
wound”. We will findin thenext sectionthatthe bestapproacho animplementedode
is to usemappingdn both directionsbetweercameras.

Thereis oneimportantsituationin which thereis only oneintersectiorpoint how-
ever. This caseis a degeneratesituation,in which only anisolatedpoint on the sil-
houetteshasonly onepoint of intersectionin space.Geometricallythe effect occurs
whenthe objectin 3D spacehasa "corner” thatis sufficiently sharpthattwo camera
interseciexactly onceatthatcornderpoint. A simpleexampleof thisis acube thenthe
camerasrelooking straightontoadjacenfaces.The corner(s)of the cubewhenboth
camerasseeare degeneratepoints. Thereis a simple courseof actionto take in this
casehawever: Continueto describethe situationin termsof entryandexit points,but
now thosepointsare colocated.The validity of this approachcanbe seenby moving
to apointonthesilhouettgust away from the corner andobsenethatasthe silhouette
pointis movedcloserto the corner the entryandexit pointscometogetheraswell.

An importantpropertyof all of thesolutionsto equationl2is thatthey all lie onthe
ray ¥c[c] + s#[c](t.), for suitablevaluesof s. The particularvaluesof s areobtained
by corvertingthe solutionpositonson the d cameramageplaneto directionvectors
#[d], andusingequation9 to computethe valuesof s.

Sincewe haverestrictedoursehesto corvex silhouettesthereis atmostonepair of
pointson camerac thatmapto a pointon camerad, andvice-versa.Had we choserto
notrestrictthe silhouettego corvexity, therewouldin generabe morethatonepairin
eachmappingandtheintegern correspond$o theminimumnumberof corvex pieces
asilhouettecanbedividedupinto.

5 Projected Silhouettes: Curve of Intersection

In this sectionwe wantto take the constraintequationsgxpressedn equations9, 10,
and 12 andalgorithmically build datastructurescontainingthe curve of intersection.
Thedatastructureswill describethis curvein severalways,corvenientfor building the
final 3D geometryfor theintersectiorof the projectedsilhouettes.

Supposeve begin with camerag andd. We canconstructhe curve of intersection
in thefollowing steps:

1. Beginwith thevaluet, = t. ,,:n. Setthe curve parametef to its initial valuety.
We now tagall quantitieswith thethis parameterasin: ¢.(¢).

2. ComputetheimageplanepointX[c](t.) andray directionf[c](t.).

3. Searchfor the pair of valuesof ¢4 thatmake A(t.,t4) = 0. Thisis likely to re-
guirethatthe datadescribingthe silhouetteboundarycurve will beinterpolated,



sincethevalueof ¢4 will frequentlylie betweercontrolvertices.If no valuesof
ty satisfies\(¢.,tq) = 0, skipto thelaststep.

4. Computethevalueof s. for eachmemberof the pair. Identify the memberthat
produceshesmallervalueof s. ass! (¢), andtheothermemberass@U7 (¢).

5. DefinethestructureP[c|d](£) with

Pleld](-) = {tc,stN,s2UT (13)

’%¢

andsetthevaluesto

Pleld)(6) = {t(£), s (), 5777 (0} (14)

[

6. Incrementt, and{. If t. < t. nmqe returnto step2.

Theoutcomeof this processs anarray P[c|d] with elementsP[c|d](¢), for appropriate
valuesof ¢.

Of coursethereis nothingspecialaboutchoosingto startwith camerac andloop-
ing overits silhouette We could have startedwith d andgeneratedhe quantity P[d|c],
which typically canbe very differentfrom P[c|d]. In fact,we needto constructboth.
The reasorwhy is that, at leastfor a two-camergproblem,whenwe reconstructhe
intersectionsurface,we will wantto useP[c|d] whenretrieving pointsthatlie on the
projectedsurfacefrom camerac, and P[d|c] whenretrieving points that lie on the
projectedsurfacefrom camerad. For mary camerasa similar needexistsbutis gener
alizedby all of the possibletwo-cameraomparisonsThosedetailsarepresentedfter
thetwo-cameracaseis handledn detail.

Finally, to reconstructhe 3D surfaceof intersectionwe needthe setP(d,c) =
{P[d|c], P[c|d]}. Thisis insensitve to the orderingof d andc indices,whichis anice
situationbecauseét preventsundueimportancebeing placedon a particularcamera.
We canexpressthisinsensitvity asP(d, c) = P(c,d).

6 Surface of Intersection for Two Cameras

The setP(d, ¢) providessufiicient datato reconstructhe 3D surfaceof intersection
for two cameraslt is importantto explicitly go throughthe procesf surfacerecon-
structionfor two camerashecausgust two cameragjiveslots of insightinto whatis
going on andwhy, while the mary cameracasehideslots of the insightin the details
of combinatorics.

The essentiafact neededo reconstructhe intersectionsurfaceis to realizethat
the piecesof the surfacecorrespondo sectionsof the individual projectedsurfaces,

1Whenno valuesexist, two conditionsarepossible:(1) thetwo silhouettesio not overlap,in which case
noneof thepointson eithersilhouettesatisfyA = 0; or (2) theintersectiorcurve maybein two unconnected
pieces,in which casea little extra informationmustbe tracled in orderto flag themasseparateandtreat
themin a consistentway throughthe restof the process.We will assumethat the tracking of a multiply
connectedetis accomplishedia the parametet, i.e. thevalueof £ signalswhich disconnectedegmentof
apointis partof.



with restrictedrangesof s andt for eachone. Identifying theserangesfor eachpro-
jectedsurfaceproducegheintersectiorsurface.In fact, P (d, ¢) containgpreciselythat
information.

Lets seehow the informationin P(d, c) canbe usedto generatea wireframeof
the surfaceconsistingof quadrilateralsFocusingon camerae, P[c|d](£), for ary valid
choiceof ¢, tells usthata line sgmentfrom the point £[c] (. (¢), sIV (¢)) to the point
Flc](t.(£), sOUT (¢)) is a partof theintersectiorsurfacelying on the projectedsurface
from camerac. Takentogetherthe orderedsetof points{[c](t.(¢), sV (¢))} formsa
curve correspondingo the family of pointsof the "entry wound” of projectedsurface
cinto d. Similarly, {¥[c](t.(£),sQV7T (£))} is the"exit wound” curve.

We construciquadsout of this dataasfollows:

1. Assumearesolutionstepsizeds of interest.

2. For curve paramete¥ andadjacentalue?’, we getthe four pointsusingvalues
from Plc|d](£) and P[c|d](¢")

= 1[(t:(0),s) (15)
fy = F](t(l),s) (16)
s = T[dt(l),s+ds) @an
ty = Ttt.(£),s +ds) (18)

for valuesof s ands + ds within therange[s™ (¢), s?UT (¢)] for points1 and4,
andin therange[sZN (¢'), sV (¢')] for points2 and3.

3. Thefour pointst; form a quadrilateralapproximatinga patchof the ¢ camera
projectedsurface.Loop overvaluesof £ ands to producethefull setof quadsin
theintersectiorsurfacefrom camerac.

Having built asetof quadsfor projectedsurfacec, denotethesetasQ|c|d].

Theremainingpartof theintersectiorsurfaceis apatchfrom thecameral projected
surface.We canbuild thatoneby following thesameprocesssjustoutlined,switching
thec andd labelseverywhere producingthe setQ[d|c]. After doingso,the outcome
is two quad-basegbatcheswhich connecton seamsat the intersectioncurve. Each
patchwascorvertedto quadsatindependenspatialresolutionssuitablefor thecamera
qualitiesanddesiredartisticuse. Thefinal combinedsurfaceof intersection) (e, d) is
theunionof thetwo pieces:

Q(c, d) = Qleld] U Q[d|c] - (19)

7 Surfaceof Intersection for N Cameras

Having built the surfaceof intersectionfor just two cameraswe want now to move
onto a procesdor building the surfacefrom any numberof cameraviews. with justa
little moredefinitionwork, it is relatively straightforwardto extendthe procesdo ary
numberof cameraskeepingthe overheadelatively small.



Recallingthatthe quantity P[c|d] comesfrom comparingcamerad to ¢, we want
to definea quantity P[c|], which comparesamerac with iteself,i.e., is just the setof
parametriqointsthatdefinethe entiresurface:

Ple]}(€) = {tc(£),0, Smaa} (20)

In thiscasethe/ parameterunsovereveryvalueof ¢, onthesilhouetteands,,, . is an
arbitrarylargeandsafecut-off value.With this definition,we canbuild anintersection
operatotby therelationship

Pleld] = Ple]n Pld]] . (21)

Thisintersectioroperatomustidentify disconnectedegionsof intersectionandlimits
its scopeto only rangesof ¢. which arewithin the setdefinedin the left-handof the
operator Also, in additionto the stepsperformedin section6, the comparisontest
A = 0 is supplementedavith atestthatthe s’V andsQUT valuesarewithin therange
allowedby PJc|] (i.e. theleft-handargumentof the N operator).

Now supposdhereare N cameraf interest. For the moment,pick one of them
andlabelit ¢, andthe othersarelabelledd,, ds, ..., dny—1. The portion of the inter-
sectionsurfacecomingfrom the ¢ surfaceis obtainedby intersectingall of the others
with ¢. For onecameratheintersectiorsurfaceis P[c|]. For two camerasg anddy, it
is P[c|dy]. For threecameras;, di, andds, theintersectiorsurfacepieceis

Plc|d1ds] = Ple|di] N Pldz]|] - (22)
We cancontinuethisiteractive approacHor N camerasWith theiterative expression
P[C|d1d2 . dm+1] = P[C|d1d2 .. dm] N P[dm+1|] s (23)

thefinal intersectiorsurfacecomingfrom camerec is Plc|dids . . . dn_1].

As with thetwo cameracasewe canbuild asetof quadsfrom Ple|dids . . .dn 1],
andlabelit Qc|d1d> . . . dn—_1]. Thefull surfaceof intersectioris definedastheunion
of all of theintersectiorpiecesasthe surfacesarecycledthrough:

Q(1,2,...,N) =UN,Q[c|ldid; ...dx_1] . (24)

This canbebuilt iteratively aswell, by setting@(0) = {}, theemptyset,anditerating
as
Q,...,m+1)=Q(,....m)UQ[m +1|dida .. .dn_1] . (25)

Severalcommentsarein orderatthis point.

1. Thecombinedproces®f iteratively building Ple|dids . . . dn—1] andQlc|d1ds . . .
is relatively efficient in cpu resources.The datafor ary particularcamerais
neededn avery localizedportion of thealgorithm,sothatthefull datasetfrom
all of the cameraseednot be residentsimultaneously But delayinginput of
cameradatauntil the momentit is neededloesnotincreasecputime, sothereis
no costto thedelay

dn_1]



2. Becausethe final geometryQ(1,2,...,N) is a union, it canbe built up asa
file thatis appendediseach@|c|d1d> . . . dy_1] is constructed Sothe memory
footprint of the codeanddatais independenof the compleity or resolutionof
thefinal geometry

3. Thisalgorithmis inherentlyindependentf the orderin which camerasrepro-
cessed.

4. Theiterativeimplementatiorof the constructiorof Ple|didz . .. dn 1] provides
anopportunityfor quickly eliminatingsilhouettecombinationghat do not pro-
ducegeometry At somestagein theiteration,sucha situationwould producean
emptysetat theresult,immediatelyterminatingthe iterationwithout producing
ary geometry

8 General Expression of the Intersection Operator and
Process

The intersectionoperatorN usedin section? is the fundamentakctvity in this al-
gorithm. Becauseof its importance this sectionis devotedto restatingits operation
in detail, for the mostgeneralconditionsthat might be encounteredSpecifically the
intersectioroperatorgivesmeaningo therelationship

C=ANB (26)

with A, B, andC definedassilhouettesections.
The resultsof this sectionappliesto generally-shapedilhouettesn any camera
imageplanes.Thesilhouettesieednot be corvex.

8.1 Silhouette Sections

Beforeexplicitly definingthe operationof N, we first more carefully definethe struc-
turesthatit operate®n. Silhouettesectionshave the generaform

SS:{Pl,PZ,...,P”,M} (27)
whereeachP? is anorderedsetwith theform
P = {t(¢),s"™ (£),s°VT(¢)|¢ = index} (28)

andM is thecameradata/functionsieededo computepointsontheimageplanefrom
avalueof ¢ andpointsin spacerom valuesof ¢t ands.

Theindex £ maybe continousor discrete dependingn the circumstancedefining
the silhouette.However, in all casesthe elementf P areordered,in the sensehat
t(¢) isamonotonicfunctionof ¢ (with theexceptionof branching) andadjacenvalues
of t(€), s"N (¢) ands®UT (¢) maybeinterpolatedn someway to produceintermediate
values.Therecanbearny numberof P? setsin S, buteachonerepresentacontiguous
pieceof the surfacegeneratedy thesilhouette andthe P? do not overlap.



8.2 Intersection Operation

To begin fleshingout the meaningof equation26, we expressA, B, andC in termsof
their contentsas

R
Py

{Py,PR,...,PRR, Mg} (29)
{tr(lh), sk (), sR"" (Lr) } (30)

whereR = A, B, orC.
Beforedefiningintersectionwe first needto understan@noperationcalleda split.
Imaginea SilhouettesectionS S, containingamemberP consistingof

P = {t(0),s™(£),s°"T(0)} (31)

for somerangeof £. A split at/; is thecreationof two separatesetsfrom P:
P = {t(0),s™N(0),sVT (0|t < £} (32)
P = {1(0),s™N(0),sCUT(0)e > £} (33)

Whenasplitis performed,P is replacedby P_ and Py..
Theintersectioroperatom expresse€’ = A N B viathefollowing setof steps:

1. Initialize C = A.

2. Begin with thefirst triplet, (¢4, s, sQUT) from the setsof tripletsin A. Be-
causeof theinitialization in the previousstep,thereis a correspondingriplet in
(tc,stN,sVT) in C.

3. Computetheimageplanepointx[A](t4) andray direction£[A](t4).

4. Searchfor the valuesof tg thatmake A(t4,t5) = 0. The searchshouldbe
conductedsystematicallythroughthe Pj until all of them are found. There
shouldbe exactly two or noneof them,or possiblyonein the caseof degenerate
intersections.If novaluesof ¢g satisfies\(t4,tp) = 0, performa split onthe
currentPg, andremove this elementrom the split set.

5. Computethe two valuesof s4 for the two valuesof tg. Labelthe two values
s4(1) ands 4(2), with s4(1) < 54(2). If s4(1) > sZUT ors4(2) < sV, there
is no overlap. Whenthereis no overlap,performa split on the currentPz, and
remove the presenelementrom the split set. If thereis overlap,set

séN = max(séN,sA(l)) (34)

ngT = min (ngT,sA(Q)) (35)

6. Moveto thenext triplet (¢ 4, sV, sQUT) in A with correspondingripletin C.

7. Repeabeginningat step3 until all tripletsin A have beenevaluated.
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8.3 Propertiesof the Intersection Operator

Theintersectionoperatorhassereral propertiesvhich may or may not ever be useful.
Someof themarelisted here:

e |[dempotence:

ANB = (AnB)NB (36)
ANB = An(AnB) (37)

o Noncommutatre
ANB#BnNA (38)

This completeghe morerigorousformalizeddefinition of the intersectionopera-
tion usedin equation23.

8.4 Special Cases

Therearetwo specialsituationsin which the intersectionprocessdoesnot work as
describedhbore. Thesecasesthoughrare,areeasilyidentifiedandhandledby exten-
sion. In this sectionwe preseneachspecialcaseandthe extensionto the intersection
process.

8.4.1 Sharp Corner Intersections

If the objecthas“sharp” cornersthattwo or more cameragpresere assharpin their
silhouettesthenfor both cameraghe entranceandexit pointscanbe colocated.For
example,arectangulaibox, seenby two cameradooking down principle axesof the
box, will containa commoncornerof the box in their silhouettes. That cornerwill

appearto only have oneintersectionpoint. In fact, it is a degeneratecasein which
thetwo intersectiorpointson at the same3D location. This caseis handledby setting
theI N andOUT pointsto the samelocation,but otherwisetreatingit the sameasall
otherintersections.The criteria for identifying thatthis caseis presentare: (1) only
oneintersectiorpoint, and(2) neithercameras in thefov of the othet

8.4.2 CameraEmbedded in FOV

In somesituationsthe camerabeingusedto build an orderedset P is insidethefield
of view of camerathatis beingintersectedIn this caseonly oneintersectiorwill be
found,whichistheOUT pointof theintersectionThe I N pointis the previousvalue.
Detectingthis situationis relatively easy If thereis only onepointof intersectionand
thecamerds insidethefov of the secondcamerathenthis caseapplies.

9 Texture Coordinates

Certainlyanimportantpartof usingtheintersectioryeometryQ(1, 2, . .., N) is putting
textureson the surface.In particular puttingtheimagedatafrom the N camera®nto
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the surface. Sinceall of the pointson the intersectionsurfaceare seenby all of the
camerasthereis the possibility of having IV differenttexture valuesassignedo each
point of the surface. We do not at this stagewantto "weed out” which texture(s)is

(are)thebestto use,sincethatmaybevery dependenbvntheapplication.For example,
the texture value chosermrmay dependon the view angleof the renderingcamerawith

respecto the datacamerasSowe needa schemeo provide texture coordinategrom

multiple camergperspecties.

The fundamentalhing to do hereis to go backto the point at which the quad
verticest; weregeneratedor eachsetQ[c|d1ds .. .dn]. Eachof thesepointshasa
correspondingpositionin eachof the N camergplanesj.e. eachquadvertex generates
asetof texturecoordinates:

o T, = {%[1),..., %[N]} (39)

So,aspartof thequaddata,we storethetexture coordinatesetTs;.

Of course this proceduredoesnot definea unique texture coordinatesystemover
theentireintersectiorsurface.If thedesiredextureweresomesyntheticallygenerated
textureratherthantheimagedata,it would notbe clearwhich memberof T; is theone
to use. Thereis no mathematicallycleananswerto this issue. However, onemay try
usingthecoordinate$or thecamerahatis themostothogonallyincidentto aparticular
faceof the surface.

10 Implementation

This algorithmis built asaniteratve schemesothatat ary stageof the procesddata
from only two camerads needed.An implementatiorshouldtake advantageof that
efficiengy. If alarge numberof camerasareemployedin a practicalcase,it will be
very difficult to keepall of thedatapresentatany giventime. Limiting it to justto two
necessargamerastary givenstagewill beimportant.
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