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Visibility Driven Hierarchical Radiosity

Frédo Durand, George Drettakis and Claude Puech
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1 Introduction and Previous Work

Hierarchical radiosity (HR) simulations rapidly compuightt ex-
changes in a given scene by subdividing the original objexts
create an adaptive mesh representing light variations laadasvs.
Previous mesh subdivision strategies still suffer howdxan the
limitations of regular (quadtree) subdivision. Disconity mesh-
ing solutions are usually limited to primary illuminatiomé be-
come intractable for more than two or three light sourcesibi
ity calculation is still done largely by ray-casting appiroations
which can often produce erroneous results.

In this abstract, we present a nowibility Driven hierarchical
radiosity algorithm, by extending the Visibility SkeletfbDP97].
Our approach uses the extended Skeleton to compute acuigiate
bility at vertices, to insert important discontinuitiesteto effect an
efficient refinement strategy. We use hierarchical triaatiohs and
introduce a novel push-pull procedure for accurate display

The most significant related work includes that of Lischiretlal
[LTG93] which combines discontinuity meshing and HR. Disizo
nuity meshing is performed for a small number of direct lggtand
a second pass is used to accurately compute visibility &ndiiha-
tion at vertices. Our visibility-driven HR algorithm is alselated to
Wavelet radiosity [GSCH93] and to the work on perceptuatipdd
refinement [GH9I7].

2 Extended Skeleton

The Visibility Skeleton is an encoding of all visibility ents in a
scene, using a graph structure. The nodes of the grapbxnamal
stabbing lines and the arcsritical line swaths which allow the cal-
culation of the exact visible contour of every polygon froxery
scene vertex [DDP97]. We have extended this structure bliere
allowing the calculation of views at vertices resultingrfréhe sub-
division of original scene polygons required by the radipsigo-
rithm. We have also replaced the quadratic table representaf
arcs by linking mutually visible objects. These links arscalised
in the lighting solution. All polygon-vertex form-facto(gcluding
those for indirect light transfers) are thus computed dyact

3 Embedded Triangulation Hierarchies
for Accurate Hierarchical Radiosity

To accurately represent radiosity across surfaces, epyeéor
the very irregular discontinuities created by shadow bardee
have chosen to use hierarchical Delaunay triangulatianslés to
[DP95]). Instead of computing radiosity at patch centeesgather
light at each vertex. This requires a new push procedurectwhi
allows the contribution of a source to a vertex at a certaimelléo
be pushed to the corresponding children. This is done bynstor
radiosity differences between the approximation at the higher level
and the value at the current level. During the push, a verdéxevat
the current level is simply the sum of the stored difference tne
interpolated value of the higher level at this vertex.
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The result of this approach is a high quality, continuougdin
representation of radiosity at the leaves of the mesh, tihgidhe
need for a second pass for display.

4 Visibility Driven Hierarchical Radiosity

We maintain two link types: vertex-polygon links for gatimgy, and
polygon-polygon links used to determine if a light trans$ould
be refined. The two link types are subdivided simultaneously
sulting in a consistent representation of light transfer.

To refine the scene polygons we use the visibility informatio
of the Skeleton. For a given receiver, we examine all its goiy
polygon links and the contained visibility events. The espond-
ing discontinuities are ranked using their perceptuallsgabimpor-
tance, and only a certain percentage are actually insemtedthie
receiver Delaunay triangulation. It is important to notattthis op-
eration takes into account all visibility interactionsgluding those
for indirect illumination links. We also subdivide at the xiraum
of the unoccluded light source radiosity for large recesveBub-
division is based on the difference between exact and iokatgd
values for the unoccluded case, and an estimation of shadpari
tance elsewhere.

4.1 Results

The following figure shows the result of our implementation &
scene containing 10 light sources and 486 polygons, andreesce
of 534 polygons with mainly indirect lighting due to the ledind
table and the bed. The mesh adapts to the combined shadatseffe
automatically, resulting in high quality illumination. €hmages
were rendered directly using graphics hardware and didewptire

a local or final gather pass.

Figure 1: (a) Skeleton construction took 2 min 23s.; meshing/lightitep took
8min. (b) Skeleton construction took 4min 12s; meshinbfiitg step took 7min.
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