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Conput er sinul ation of architectural lighting is energing
as a powerful tool for the visual interpretation of
predictive illum nance cal culations, and to provide new

met hods for conplex interiors. Many types of |ighting
envi ronments can now be sinulated, and nuch higher scene
conplexity i s possible with recent advances i n the conputer
al gorithms. This paper offers an explanation>of sone of

the techniques and is illustrated by a video ani mati on of
architectural interiors.
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Comput er Graphics in Architectural Visualisation

Conmputers are i n common use for architectural CAD, and are
wel | established as an inportant tool for |ighting design.
Sophi sticated |ighting cal culations, which a fewyears ago
were beyond the neans of nost practices, are nowreadily
avail able on PCs [7]. Whiile generating illum nance data in
table form is now faily easy, deriving neaning fromthe
tables is not. Using techniques from advanced conputer
graphics provides an inportant additional tool for the
visual interpretation of lighting predictions. The new
conputer graphic tools add significantly to the conplexity
of the environnments for which global illum nation can be
conputed, including arbitrarily placed obstructions.

Il um nati on Model s

Many ways exi st t o approxinmate t he shade of an illum nated
surface. If the surface is perfectly diffuse, then there
i s no dependence on the view point, only on the angle of
I nci dence. The illumnance at the surface is the |light
source lum nance nultiplied by the cosine of the off-axis

angl e. In practicethisis sinply a dot product with the
surface normal (see figure 1).

To account for specular reflection, the view point as well

as the incident |ight direction nust be evaluated. Pure
specul ar reflection froma snooth surface acts simlar to a
mrror, where light returned into the scene along the
reflection direction (see figure 2). Most scenes, however,

have surfaces which are some mxture of diffuse and
specul ar. Various conputational nodels are available to
si mul ate specul ar scattering, such as PHONG,
Torrance-Sparrow, Blinn, Hall, etc. These approximte the
reflection function by an continuous analytic function,

wi t h varyi ng degrees of physical basis, and conputationa
expense. : -
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Vigure 2. Specular Reflectance.

Figure 1. Diffuse Reflectance-

Figure 3. Area Light Source '
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Most surface reflection functions are al so based on point
| i ght source nodels. To achieve higher realism area |ight
sources nmust be properly simul at ed. Fl ourescent fittings
with diffusors or baffles are i n such common use, that area
| i ght source sinmulation is a prerequisite for high quality
interior sinmulation. Area |light sources have the effect of

creating a w der distribution pattern for the diffuse
reflection (see figure 3).

I ndi rect Refl ection

The big difficulty with sinmulating indirect reflection is
that at |east TWO surfaces nust be evaluated in the path
fromthe |ight sourceto the synthetic canera. This is
much worse than doubling the conputation, because one
cannot determnm ne i n advance which other surface may be

i nvol ved. The seemngly sinple extension to indirect
lighting forces an evaluation of the entire global |ight
distribution wthin the scene (see figure 5). The

technique in current research for approxi mating the gl obal
illumnationis called Radiosity [3,5]. The Radiosity of a
particul ar surface patch is defined as the wunit energy
|l eaving the patch per unit tine. Since the energy |eaving
t he patch depends on the total energy arriving from other
patches, this inplies solving for the global distribution.

Converting Il lumnance to Visual Intensity

Once the visible surface illum nances are determ ned, sone
met hod of display nust be devised. Most systens sinply do
some formof |inear mapping fromblack to white, in order
to read illum nance | evels conparedto a fixed scale. To
create high realisminages, a nore sophisticated system is
needed. The process of naklng i mges fromthe 1 magi nary
scene has been described as 'synthetic photography' [4].
Thi s i nplies a synthetic canmera, wth |ens,
processing, printing, and vVview ng. The canera can be

simulated with three processes; (1) converting the surface
illum nance into camer a reci eved energy, (2) taking this
energy through a 'filmresponse' transfer function, and (3)
di splay on the output media, say video tape, w th
approprlate ganma correction (see figure 4).
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~ Figure 4. Synt heti c Phot ogr aphy. ",



Figure 5. Indirect Reflections.

Applied Radiosity

The Radiosity nethod nodels the interaction of [|ight
between diffusely reflecting surfaces and accurately
predicts global illum nation effects. Procedures are now
available to simulate conplex environments including
occluded and textured surfaces. As an architectural
vi sual i sati on net hod, Radiosity can nore accurately account
for inportant lighting effects from fenestration and
indirect illumnation. Wth daylighting and |arge area
lum naires, this can make a dramatic di fference In

sinmulated |ight distribution.

For accurate rendering, the environnent nust be descreti zed

into a fine mesh, particularly in areas of high shading
gradient [ 1], otherw se discontinuities may appear in the

i mage. The gl obal interdependence between surfaces inplies
a class of solution techniques which are very

conputationally expensive, all the nore so wth large
geonetri ¢ nodel s.

The Radi osity nethod sol ves the scene rendering problem in
two steps. First, an estimate i s nmade of the gl obal |ight
distribution within the scene. Second, an inmage i's
generated from a particular point of view, using the
precal ul ated |light distribution. This two stage technique

has enormous’ potential in architectural visualisation,
where there i s no geonetric novenent of objects in the
scene, only a noving viewpoint. Inthis case only the
second rendering stage is r epeat ed to create a

"wal k-t hr ough' ani mati on.

The first step, creating the object nmesh and solving for

the global 1llumnation, is vastly more conputationally
expensi ve t han t he second rendering step. This part of the

probl em involves conputing 'formfactors' and sol ving very



have so far been performed on | arge main-frane systens. 1In
addition, it is inportant to note that the Radiosity nethod
has significant coding and algorithm conplexity. This
factor has imted t he nunber of organizations that have so
far contributed to this research area. '

Recent al gorithm c advances, however, bring the possibility
of affordabl e Radi osity conputations. The npst Interesting
advance i s the techni que of conputing a partial step of the
global illum nation, and displaying the results as an
approximation to the final converged solution [2,7]. I n
this way, early approximations can give a very good idea of

the overall lighting effects. The computations for the
solution and display of sinple scenes can be |less than a
m nute per iteration on nodern workstations. A visually

convincing display can be generated in only 20to 100
iterations for sinple scenes.

The central idea in the new approach isto reorganize the
steps in the algorithm such that a wusable inmage is
generated very quickly, and t hat subsequent imges progress
gracefully to a conplete radiosity solution. The key idea
behind this is to make an initial estimate of the final
radiosity fromall available information at each step. The
computation then distributes the total energy inthe scene
begi nni ng with the nost inportant lumnaires in the
envi ronnent and continues in sorted priority order. Not
only is the convergence much faster, but also dramatically

reduces the storage required as information i s used at the
time it is conputed.
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