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Abstract
Meshless radiosity [1, 2] is a radiosity method
that is based on a point-based and hierarchical
discretization of the scene. This better decou-
ples the runtime complexity from the geomet-
ric complexity of the scene and allows for an
adaptive high-quality simulation of the diffuse
global light transport. In this paper, we analyze
the bottlenecks of this approach and examine
the possibilities for an efficient and parallel im-
plementation of this paradigm on the GPU. We
show how by modifying the hierarchical data
structures and the computation of the transport
operator, a highly efficient GPU-based solution
can be achieved which is by orders of magni-
tude faster and allows to compute high-quality
global illumination solutions within seconds.

Meshless Hierarchy
A meshless hierarchy [1, 2] consisting of m lev-
els allows to represent illumination at a point p
in the following way:

Fm(p) =
m−1∑
l=0

Nl∑
j=0

αl
j ·Bl

j(p).

Thereby, the l-th level is given by Nl basis func-
tions Bl

j and the coefficients αl
j encode the illu-

mination. Its point-based and hierarchical na-
ture allows to decouple the runtime complexity
from the geometric complexity of the scene and
to locally adapted the resolution of the compu-
tations. The important design decision in the
original work is to store absolute values on the
coarsest hierarchy level and to use delta coeffi-
cients on all other levels.

Modified Meshless Hierarchy
We store absolute values on all hierarchy lev-
els. Therefore, the modified version of the hi-
erarchy encapsulates multiple absolute Shepard
Approximations of the illumination. This allows
to eliminate the expansive computation of the
energy transported to the parents which has to
be subtracted in the original approach. To keep
the absolute coefficients consistent, we propa-
gate the gathered illumination through the hi-
erarch.

In addition, we apply an approximate recon-
struction scheme which speeds up the compu-
tation of the light transport. This is similar to
the approach used by Christensen [3] to speed
up photon mapping.

Parallelization of the Transport
The adaptive computation of the transport oper-
ator starts by computing gathering integrals at
the coarsest level basis functions. Thereafter, an
oracle decides if further refinement is required.

We use a breadth-first traversal of the hierarchy
and compute all gathering integrals on common
hierarchy levels in parallel. A parallelization
across multiple levels is not possible, because
the refinement oracle introduces a dependency
to the previous level.
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Results
CPU Orig. GPU Orig. GPU Ours

Cornell Happy Sponza Cornell Happy Sponza Cornell Happy Sponza

1. Bounce 18.8s 8m 19s 11m 11s 1.0s 14.3s 24.4s 0.5s 3.3s 3.5s
2. Bounce 8.7s 2m 33s 37.5s 0.5s 4.0s 1.5s 0.2s 0.9s 0.4s
3. Bounce 2.7s 39.0s 22.6s 0.2s 1.3s 0.9s 0.1s 0.4s 0.3s
Integrals 14k 66k 47k 14k 66k 47k 15k 66k 46k
Total Time 34.6s 12m 1s 13m 19s 2.1s 20.7s 29.6s 1.1s 5.3s 5.1s

Speedup 1x 1x 1x 16.5x 34.8x 27.0x 31.5x 136.0x 157.7x

Implementation of the Transport
All gathering rays in the Monte Carlo integra-
tion step and all per hit-point computations are
independent.

This allows to compute the transport using the
presented GPU-based pipeline.
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