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ARSTRACT

4 paper presents 8 comprehentive méthod o
calculate object to object diffuse reflections
within complex enviroments contailning hidden
gurfaces and shadows. [n essemce, each object im
the environpment is treated o5 a secondary light
SOUFce. The method provides an  accurate
representation of the “diffuse” and "ambiaont”
terms Tound in typical image synthesis aloorithms.
The phensmnena of “"color bleeding® fron ong Sorface
to ampther, shading within shadow envelopes, and
penumbras alang shadow boundaries are accurately
reproduced. Additional advantages result because
computations are independent of wiewer position.
This allews the efficlent rendering of pultiple
views of the same scean for dynamic sequences.
Light sources can be ®sodulated and object
reflectivities can be changed, with minimal extra
computatten. The procedures extend the radiosity
method beyond the bounds previously imposed.
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INTRODUCT TOM

¢ representation of a redxlistic image of
both actual and imagined Scenes has been the goal
of artists and schalars for censturies. The
invention of the camera allowed the photographer
to mechanically record the light passing through a
lens anmd Tocused onto a piece of film, thus
producing a reslistic image. Today, within the
field of computer graphics, ope aspect of current
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refearch has been the attespt to produce realistic
images of nAon-exdistent  scenes. This s
accomplished by simulating the distribution of
light ensrgy given a geometric and physical
description of the environment. One majar
difficulty has been the correct similation of the
global 1lumination effects.

Light Teaving an object surface ariginates

from the surface b direct emission, as from a
light sowrce, or by the reflection or transmission
af fncident light. The incident Tight on 4
Surface can arcive directly from a llght source
{along a direct line of sight) or indirectly hy
generally complex intersediate reflections and
transmissions fram ofther swurfaces within the
enyl ronment . Previously Cthese secondary [1ighi
"sources” have been ignored in computer graphics
image generalion algorithms, The summation of
these sowrces have usually been approximated by an
added <onstant term, referred to as the ambient
component . [9] Some aspect of the global
iTlumination has been achieved by the addition of
a specular  component found In ray  tracing
algorithms [13]. In essence, rays are traced only
in  the mirFfer reflection or  transmissian
directions, point sampling the enviromment at the
specific surface intersectfoms. Ray tracing with
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The FURM-FAL [O®

— The ferm-factor specifies the Traction of the
energy leaving one surface which lands on anoCher.
By definiticn the sum of a1l the form-factors from
a particular ponint ar patch i1s equal fo wnity.
Previous derivations 4o not accoumt for occluding
surfaces, and have therefore not  reproduced
shadows and penunbras.

The geometeic terams in the faorp=factor
derivation are illustrated in Figure 2. Far
non=pccluded &aviroaments the form=factor for one
differential area to another 15 given by
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8y 1ntegrating over area | , the form-Tactor from
a finite area (or patchl to a differestfal area
can he expressed:
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Tne farm-factar beétween Finlte surtaces (patchas)
i5 gafined as the area average and 15 thus:
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This expressiaon far the form-factar does  not
account For the possibility of occluding objects

hiding all or part of one patch from anather.
There 15, Lherefore, a missing term within the

integrand 1F hidden surfaces are te be accounted
for.
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The function (HID} takes an & value of ane ar zerp
deponding on whether differential area 1 can "seet

differential area j. The HID function hat the
effect of producing the projection af area j
visible from differential area 1. It 15 the
saolubtforn for this double area iategral (G), which
must be foumd ta solwe for radiositias in any
non-conver anvironment.

In the past this double area integral has
praven difficult to salve analytically for genaral
applications. Form-factors hetwaen specific
shapes and  orientabtions, such  as  parallel
rectanglar plates of circular disks, hayve Deen
seived and tabulated [Ll0]. An area integral,
which 15 a double dntegral itself, can he
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FORM-FACTOR GEDMETRY

Fiqure 2

LransTarmed «ia Stoke's theorem inta a single
contour integral which can then be evaluatad [5]
[i1l).  For non-occluded enviromments the daubilo
area integral cam be transforned into a double
cantour tnteqgral. A more general appraach is
needed to handle conplex gecselries.

Muserical techniques can  provide a more
efficient means to compute Form=factors tTar
general complex enviroamants.  Starting from 3
geametric analosg to the analytic derfvatipn, &
numerical method is outlined to approximate the
patch to patch Farm=factors which dncludes the
hidden surface effects.

if the distance batwsen Lhe two patches is
large compared ta their size, and they are not
partially occleded fram ons anather, 0 can be
sean that the integrand of the daner integral
remafng almost constant. In that case the effect
of Che ooter intogral 15 siaply a mdltEiplfcation
by oane and Finding & salution fo Ehe finnar
integral will provide a good agproximation Fos Che
farm=factor. [f the patches are cloze together
ralative to their size, or there 15 partial
pcclusion, the patches can be subdivided into
smaller patchos and the sipgle integral equation
dpproximation cam SEF11 bar used,

The torn-factor from patech to  patch 13
approximataed with the differential area to Ffinice
area reguation [4) by ||5'ir||5 tha center point of
patch 1 to represent Che averace positiaon af patch
. Each patch has as ks "yigw of Che
enviranment, Ehe  hemisphere  surrounding ibs
pormal .

&  geamstric  amalog for the form-factor
integral was developed by WNusselt [19] and has
bean uwsed to  obkain  ferm=factors hy bath
photography and planinetry. (Flgure 3). For a
finiete area. Eng TFaorm=tTactar 15 equwalent ta Eha
fractton af the circle (which iz the base of Ehe
hepisphere) coaverad By projecting the area onto
the hemisphere and Lhen orthographically doswn onto
the of robe.



