
Monte Carlo Methods Appl. Vol. No. (), pp. 1–16
DOI 10.1515 / MCMA.2007.
c© de Gruyter

Fast GPU-based reuse of paths in radiosity

Francesc Castro, Gustavo Patow, Mateu Sbert and John H. Halton

Abstract. We present in this paper a GPU-based strategy that allows a fast reuse of paths in
the context of shooting random walk applied to radiosity. Given an environment with diffuse
surfaces, we aim at computing a basis of n radiosity solutions, corresponding to n light-source
positions. Thanks to the reuse, paths originated at each of the positions are used to also dis-
tribute power from every other position. The visibility computations needed to make possible
the reuse of paths are drastically accelerated using graphic hardware, resulting in a theoret-
ical speed-up factor of n with regard to the computation of the independent solutions. Our
contribution has application to the fields of interior design, animation, and videogames.
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1. Introduction

Radiosity techniques [5, 20] were introduced to the computer graphics field in 1984
[6]. They provide accurate realistic solutions for the global illumination problem,
especially when dealing with diffuse environments.

The kernel of the radiosity equation includes the form-factors, which are geomet-
ric terms in which the visibility among the surfaces in the environment is contained.
The explicit computation or the simulation of the form-factors happens to be the most
costly part of the radiosity algorithms, basically because of the visibility computations.

Monte Carlo random walk algorithms [14] have a wide application to radiosity
[15, 1]. In such algorithms, the paths are built by tracing rays that move among the
patches in which the environment has been discretized with form-factors as transi-
tion probabilities. The present paper deals specifically with shooting random walk, in
which the paths start at the light sources, and simulate the light trajectory.

The main drawback of radiosity random walk is the large number of paths needed
to obtain an acceptable result, that is a noiseless image, due to the error behavior in
Monte Carlo simulations, O( 1√

N
), N being the number of paths.

We can reduce the cost of such a random walk by reusing the paths [2, 16]. We
present in this paper a GPU-based algorithm that allows the fast reuse of the shooting
paths for different light-source positions. Paths starting at each of the light positions
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Figure 1. Point-to-point form-factor geometry. V (x, y) will be 1 if points x and y are
mutually visible, and 0 otherwise.

serve for distributing power from all of them, being reused from the first hit on. Our
algorithm permits this reuse with practically no additional cost, resulting in a theoreti-
cal maximum speed-up factor equal to the number of light positions considered. This
algorithm has applications to the fields of animation, interior design, and videogames.

This paper is structured as follows: section 2 deals with the previous work; section
3 presents our contribution; section 4 reports the results obtained in our experiments;
finally, in section 5, the conclusions and future research related to this work are pre-
sented.

2. Previous work

2.1. Radiosity techniques

The radiosity (either for a patch or a point) is the combination of the emitting and the
reflected power per unit area. The equation for the radiosity B(x) of a point x is:

B(x) =
∫

D
ρ(x)F (x, y)B(y)dy + E(x), (2.1)

where ρ(x) and E(x) respectively stand for the reflectance (fraction of the incoming
light that is reflected) and emittance (emitting light) of point x, and F (x, y) stands for
the form-factor between point x and point y. The form-factor between two points (see
Fig. 1) is a geometric term, integrating to one for either x or y. It is given by:

F (x, y) =
cos θx cos θyV (x, y)

πr2 , (2.2)
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where θx, θy are the angles between the line joining x and y and the respective normal
vectors, r is the distance between both points and V (x, y) is the visibility function
(with value 0 or 1).

In practice, a discrete version of the radiosity equation is considered, corresponding
to a discretization of the environment in small polygons or patches. We have then, for
each patch i,

Bi = Ei + ρi

Np∑
j=1

FijBj , (2.3)

where Bi, Ei, and ρi stand respectively for the radiosity, emittance, and reflectance of
patch i (assumed to be constant along the patch), Fij stands for the form-factor from
patch i to patch j, and Np stands for the number of patches in the scene. Considering
all the patches in which the environment is discretized, we have a linear system of
equations.

2.2. Shooting Random Walk in radiosity

Monte Carlo methods have been widely applied to the radiosity techniques [15, 1, 3],
for both computing the form-factors or simulating their distribution. Unbiased Monte
Carlo estimators allow to obtain results as accurate as desired by simply taking a large
enough number of samples.

Shooting random walk (also known as adjoint method in MC literature) is a com-
mon Monte Carlo technique valid to solve linear systems of equations [14]. In the
case of the radiosity, each walk (shooting path) starts at a point uniformly sampled
on a light-source surface. Importance sampling [8, 14, 11] is applied to the transition
computation, which in radiosity case involves taking form-factors (not explicitly com-
puted) as transition probabilities among the patches. Each shooting path can be seen
as a light particle that carries Φ/N power, where Φ is the total source power, and N is
the total number of shooting paths. Estimators for the incoming power to each patch
are built from the contributions of the shooting paths (see [1]).

2.3. Reuse of paths in random walk

The idea of reusing full paths for different states (pixels, patches, or light sources)
was introduced by Halton in [7], in the context of sequential Monte Carlo methods for
solving of linear systems.

Bekaert et al. [2] applied the idea in [7] to the context of path-tracing, combined
with multiple importance sampling [21] to avoid bias. Pixels were grouped in tiles
and paths from one pixel were reused for the rest of the pixels in the tile from the
second hit on. This algorithm produced an speed-up factor of one order of magnitude
for fairly complex scenes. Also, Sbert et al. [16] presented a theoretical framework
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valid to reuse paths in gathering random walks, and outlined applications to radiosity
and global illumination.

Regarding to light-source animation, Sbert et al. [18] presented a fast algorithm
based on the virtual light sources illumination method [22]. They reused paths in
all frames (and not only in the frame where paths were obtained). This algorithm
presented a speed up closely proportional to the number of frames of the animation.

Regarding to camera animation, Havran et al. presented [10] the reuse of paths
in a walk-through, namely when the observer changes position. Paths cast from one
observer’s position were reused for other neighbor positions. This method produced an
important speed-up factor, but it remained biased since the samples were not weighted
with the respective probability. Also Havran et al. [9] presented a technique that aimed
at exploiting temporal coherence of ray casted walkthrough. They reused ray/object
intersections computed in the last frame of the walkthrough for accelerating the ray
casting in the current frame. Méndez et al. [12] recently presented an unbiased solution
for frame reuse in camera animation, showing how the different contributions can be
combined into a unbiased solution using multiple importance sampling [21].

2.3.1. Applications to radiosity

Sbert et al. [17] introduced an algorithm valid for the reuse of full shooting paths in
the case of moving light sources. Given n positions on a light-source trajectory, they
aimed at computing one radiosity solution for each position by considering the paths
started at all of the positions, in a sort of each-for-all strategy that allowed to reuse
each path from the first hit on. Next, we will describe in more detail this algorithm.

First, let us consider N points from a uniform distribution on a light source with
emitting power Φ. Considering the emission intensity to be constant on the light-
source surface, each point has to distribute equal power, that is Φ/N . Let x be one of
these points. The next integral expresses the total amount of power to be distributed
from x to the environment (considering a closed environment):

Φ(x) =
∫

D
F (x, y)

Φ

N
dy =

Φ

N
. (2.4)

Now, consider the Monte Carlo estimation of (2.4) 1, using n samples yk generated
from the pdf p(y):

Φ(x) ≈ Φ̂(x) =
Φ

nN

n∑
k=1

F (x, yk)
p(yk)

. (2.5)

This expression can be seen as a sum of n terms, the k-th term corresponding to
the power that yk (receiver) receives from x (shooter), or, in terms of shooting paths,

1As
R

D
F (x, y)dy = 1 for closed environments, this is a trivial integral; the purpose of this is to

obtain an estimator for the received power at y.
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to the power that carries the k-th such a path. Note that if we simply take as pdf the
form-factor, that is p(yk) = F (x, yk), then, according to (2.5), each path will carry a
constant power Φ/(Nn), the classic case where each shooting path carries the same
amount of power.

In order to make the reuse of paths possible, let us consider the n light positions
which we referred to before. Let x1, ..., xn be the point x taken at each of the positions.
Points y will be sampled from any of the points x1, ..., xn, corresponding to using a
mixture pdf [21] which is just the average of the n form-factors:

mix(y) =
F (x1, y) + F (x2, y) + ... + F (xn, y)

n
. (2.6)

Let j be one of the n positions, and let xj be the point taken at this position. If
points y are generated according to the mixture pdf (2.6), the power to be distributed
from xj to the environment is, according to (2.5):

Φ̂(xj) =
1
n

n∑
i=1

F (xj , yi)
mix(yi)

× Φ

N
, (2.7)

This estimator is more accurate the more similar is the pdf corresponding to xj ,
i.e., F (xj , y), to mix(y) (the optimal case would be when all the points x1, ..., xn and
the corresponding orientations were the same). This implies that the more grouped
the positions and the more similar their orientations, the more accurate the results.
This also means that, for a given set of light positions, the solutions corresponding to
central positions are in general more accurate that the ones corresponding to peripheral
positions.

The estimator in (2.7) can be seen as a sum of n terms, being the i-th term the
amount of the power from xj carried by the shooting path Γi, which has started at xi.
Let Φj(Γi) be this power:

Φj(Γi) =
F (xj , yi)∑n
l=1 F (xl, yi)

× Φ

N
, (2.8)

where yi corresponds to the first hit point of the path, x1, ..., xn corresponds to point
xi at each of the n light-source positions, and the F (x, y) are the point-to-point form-
factors (2.2).

Summing up, this algorithm assigns to each path, and for each position j, a weight
in [0, 1] that, multiplied by Φ/N , gives the amount of power that this path has to carry
from xj to the scene. Fig. 2 illustrates such a reusing strategy.

This algorithm was applied to light-source animation. All the n frames were com-
puted at the same time with a noticeable reduction of the cost with respect to comput-
ing them independently. Moreover, using the same paths for all the frames produced a
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Figure 2. Reuse of shooting paths. Consider a point x in 3 diferent positions x1, x2, x3,
one for each light-source position. The path started at x1 (blue/continuous) is reused
to distribute power from x2 and x3 too, and the same with the paths started at x2
(black/dotted) and x3 (red/dashed). Note that point y2 is not visible from x3, so the
path started at x2 will not contribute to expand any power from x3.

clear reduction of the flickering effect, resulting in a smoother animation. By consid-
ering the n frames as a basis of n radiosity solutions, this algorithm can also be useful
for the computation of n static scenes in order to choose the best light position or to
linearly combine some of this solutions [4].

3. Accelerating the reuse of shooting paths in light-source animation

The reusing technique described in section 2.3.1involved the computation, for each
path, of n point-to-point form factors (2.2) (n being the number of light-source posi-
tions), needed to compute the weights for each path (see equation (2.8)). Thus, such
a technique involved an additional cost that practically corresponded to the point-to-
point form factor computation cost, which, at the same time, was basically due to the
visibility computation, that is, to determine whether both points were mutually visible
or not.

The cost above can be reduced by approximating the point-to-point visibility func-
tions instead of computing them exactly. This can be done by discretizing in angular
regions the directions over each light-source position and considering the polygon seen
from each position through each angular region, like a kind of shadow mapping tech-
nique [23, 13, 19].

We first describe an algorithm, already sketched in [4], to carry out the strategy
above, and, later, we introduce an acceleration for this algorithm based on the use of
the GPU.
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3.1. Fast visibility computation in the CPU

We consider the directions over each of the n light-source positions. We introduce
a preprocess in which such directions are discretized in angular regions, and aim at
computing, for each angular region, some information that will be stored and used
later to approximate the visibilities.

Let us examine the preprocess in detail. For each light-source position, we build a
structure, referred to from here on as visibility map, in the following way. We consider
a hemisphere centered on the light-source center, and discretize it in angular regions,
corresponding to the directions over the position. For each angular region, a ray is de-
terministically generated taking one direction as a representative of the region, and the
nearest intersected polygon identifier (we assume all polygons in the environment pla-
nar) is recorded, and the intersection distance is computed and stored. The algorithm
in Fig. 3 describes this preprocess.

Preprocess: building visibility maps

for each light-source position do
Build an hemisphere discretized in angular regions
for each angular region do

Cast a ray (from the source center)
Compute and store:

nearest intersected polygon identifier
intersection distance

endfor
endfor

Figure 3. Building the visibility maps.

The information gathered during this preprocess is used during the shooting stage in
order to avoid the costly visibility computations. The algorithm in Fig. 4 shows how
it works (considering a random path started at position i). Fig. 5 shows an example of
the application of the algorithm.

This optimization entails a reduction of the cost: approximating the n−1 visibilities
per path, according to the algorithm in Fig. 4, is much faster than computing them
exactly, and the preprocess happens to be computationally cheap in relation to the full
process, since only one ray per angular region is needed, and, in general, not many
angular regions are required.

We have to mention that, since we do not use the exact values of the visibilities but
approximations, this optimization results in a biased solution. However, for a small
enough light source and an appropriate discretization, the bias happens to be visually
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Approximating the visibility computations

Sample a point x on position i
Sample the direction for a shooting path from x
Search the nearest intersection for the path:

* Let P be the nearest intersected polygon
* Let y be the intersection point
* Let xy be the distance between x and y

for each position k (k 6= i) do
Compute vector v from the center of k to y
Determine r, the angular region over k corresponding to v
Obtain the pre-stored information corresponding to r:

Let p[r] be the nearest intersected polygon for r
Let d[r] be the intersection distance for r

if p[r] 6= P and d[r] < xy then
y non-visible from position k (occlusion)

else
y visible from position k

endfor

Figure 4. Using the visibility maps to approximate the visibility in the shooting stage,
for a path started at the light-source position i.

acceptable (see experiments in section 4.3).

3.2. GPU acceleration for the visibility computation

Usage of modern graphics hardware, with its increasing power and computation capa-
bilities, seems to be a logical next step to improve the efficiency of the above described
algorithm. The advantages of including graphics processing unit (GPU) in the compu-
tations are twofold:

• On the one hand, it will allow a faster preprocessing of the scene, building the
visibility maps at a fraction of the computational cost of the CPU solution, due
to the inherent parallelism of the GPU. This will enable us to increase the dis-
cretization of the visibility maps with almost no impact on the overall computa-
tions.

• On the other hand, the computations of the form factors for each first intersection
will also be much faster, as again we will take advantage of the high capabili-
ties of modern GPUs, allowing the approximation of the visibilities as a simple
point-wise rasterization process.



Fast GPU-based reuse of paths in radiosity 9

Figure 5. Approximating the visibility computations via visibility maps. Since the pre-
stored polygon for angular region r3 is b 6= a, and b is closer to position 3 than a, we
consider point y to be non-visible from position 3.

3.2.1. The algorithm

The proposed GPU-based approach moves two of the most time consuming steps from
the CPU to the GPU: the computation of the visibility maps (described in Fig. 3) and
the form factors computation, including the approximation of the visibilities (described
in Fig. 4). For a given scene (see Fig. 7 (left)), our GPU-based approach proceeds as
follows:

• Step 1: Generation of the visibility maps (at the GPU). For each light-source
position, we build an hemicube at its center, generating a visibility map by taking
the images of the surrounding environment, and storing the polygon identifiers
(see Fig. 7 (center)). Note that the distances are not stored in this approach, in
order to adapt the algorithm in section 3.1 to the GPU features.

• Step 2: First hit point generation (at the CPU). This stage consists of finding
the first hit points y for each path, which is achieved by starting a given number
of paths, according to the form factor distribution (see [15]), at each light-source
position, and recording for each path the resulting hit point, the normal at this
point, and the identifier for the hit polygon. This information is sent to the GPU
(see Fig. 7 (right)).
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• Step 3: Visibility and form-factor computations (at the GPU). For each first
hit point y for a path, represented by a vertex in the GPU, its visibility from
each light-source position i is computed. In order to do so, the vertices, stored
in the previous step in the corresponding data structure, are projected onto the
cube maps. Then, the polygon identifiers stored in Step 1 are compared to the
ones corresponding to the first hit polygons. If they are the same, the visibility
function is considered to be 1 and the form-factor F (ci, y) (ci being the center
of the light at position i) is computed and stored. If not, a zero value is stored,
corresponding to F (ci, y), since in this case point y is considered to be non-
visible from position i. Once finished, the process is iterated for the next light-
source position (see Fig. 8). We also accumulate, for each point y, the sum
of the form factors F (ci, y) through all the positions i. In Fig. 6 we have the
pseudocode for this step:

Computing the form factors in the GPU

SFF := 0 //clean the sums of the FF data structure
For each light-source position i, i = 1..n

Project the {y} on the map for i
For the ones that pass the visibility test

compute the form factor F (ci, y)
SFF[y] += F (ci, y)
FF[y] = F (ci, y)

endfor
Send the FF data structure to the CPU

endfor
Send the SFF data structure to the CPU

Figure 6. Form-factor computation via hardware. FF stands for the data structure
recording the form-factors, SFF for the data structure recording the sums of form-
factors, and {y} for the set of first hit points.

• Step 4: Path continuation (at the CPU). Once the form factors for all vertices
as seen from all light-source positions have been approximated, the process fol-
lows by computing the paths continuations.

4. Results

In our experiments, we will consider 4 different shooting random walk approaches
valid for computing a set of radiosity solutions corresponding to n light-source posi-
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Figure 7. (left) Scene with three light-source positions near the ceiling. (center) Pre-
computing the hemicubes to store the scene visibility information. (right) A set of first
hit points {y}i is generated for each light-source position.

Figure 8. Computing the visibilities and form-factors for the {y} set (3×3 = 9 points)
by projecting them onto each cube map.

tions (from here on, we refer to such approaches using the corresponding capital letters
A, B, C, and D):

A- Computing n independent solutions (without reuse).

B- Reusing paths with the exact computation of the visibility functions.

C- Reusing paths, and approximating the visibility functions in the CPU (see sec-
tion 3.1).

D- Reusing paths, and approximating the visibility functions via GPU (see section
3.2).

4.1. Analysis of the cost

Let us assume, for the sake of simplicity in the analysis, the cost of generating a ray
from a point in a surface and finding the nearest intersection to be constant, and let K
be this cost. Note that K practically corresponds to the cost of computing the nearest
intersection. Since a point-to-point visibility computation can be reduced to find the
nearest intersection in a given direction for one of both points, K can be also taken as
the cost of a visibility computation.

Let n be the number of light-source positions. If we aim at taking N effective paths
per position, in the approach A (without reuse), it involves generating N paths at each
of the n positions. By contrast, if we reuse the shooting paths (B, C, and D), only N/n
paths starting at each position are needed, thanks to the path amortization.
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Without reuse, the average cost of computing each of the Nn paths is Kl (l being
the average length of a shooting path), while involving reuse we have to consider, for
each path, the computation of n point-to-point form factors (see equation 2.2. If we
compute the visibility functions V (x, y) exactly, as in B, such form factor computa-
tions practically reduce to the computation of n − 1 visibilities per path (see Fig. 2),
resulting in an average cost, for each of the N paths, of Kl + K(n − 1). This gives
a maximum theoretical speed-up factor of ln

l+n−1 , which, if n becomes large, gives a
theoretical bound of l for the speed up (see [17]).

In the approaches C and D, where the visibilities are not computed but approxi-
mated, the computation of the n form factors per path is clearly accelerated with re-
spect to B. Let K ′n be the average cost of computing the n form factors per path,
where K ′ << K. In such approaches, we have also to add the cost of the pre-
computations needed to build the visibility maps. Let K ′′n be the average cost of
such pre-computations (note that such a cost does not depend on the number of paths).
Thus, the speed-up factor results, in average:

time for classical method
time for reusing method

=
NnKl

NKl + NK ′n + K ′′n
. (4.1)

In the approach D, the use of the GPU for the pre-computations drastically reduces
the values of K ′ and K ′′. Taking the values of N needed to obtain acceptable results,
NK ′n + K ′′n happens to be nearly negligible compared to NlK, the cost of the
shooting paths. Thus, according to (4.1), it gives a theoretical speed-up factor close to
n. In other words, the approach D allows the reuse of paths nearly for free, driving to
a maximum speed-up equal to the number of light-source positions.

4.2. Error and bias

In order to express the accuracy of the results in our experiments, we have used the
mean square error (MSE) of our results with respect to reference solutions obtained
taking a large number of paths per position.

We have used the relative efficiency, i.e. the ratio of efficiencies, throughout this
article in order to compare the results for the different approaches. The efficiency can
be estimated as the inverse of the product of the execution time and the MSE.

We have to remind (see section 3.1) that approaches C and D, in which visibili-
ties are approximated instead of computed exactly, incorporate a bias given by the
discretization of the directions over each position, and for the use of non-point light
sources. Such a bias, which for an appropriate discretization and a small-enough light
source happens to be visually negligible (see section 4.3), has been taken away from
the MSE in the results presented in this article.
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4.3. Experiments

We have tested a scene (experiment 1) in which the light source moves in a curved
trajectory with changing orientation along n = 30 positions. Different executions,
varying the number of paths started at each position, have been done for each of the 4
approaches. Results are summarized in the graphs in Fig. 9 for 2 out of the 30 frames:
the first one (top), and the 15-th one (bottom). From this graphs, we note that, on
the one hand, the performance of the techniques involving reuse is better in frame 15
than in frame 1: this is in general valid for the central frames regarding to the extreme
ones, as seen in Section 2.3.1. On the other hand, we also note that the performance of
approaches C and D is clearly superior to the one for the approach B, in the sense that
using the same number of paths per position in the three approaches produces a similar
error (once taken the bias), but the computational cost is drastically reduced in C and
specially in D, thanks to the visibility approximations and to the use of the GPU.

In the graph in Fig. 10 we aim at showing the gain due to the use of the GPU,
comparing the cost for building the visibility maps plus the cost for computing the
form factors for both approaches C and D. We can observe a speed-up factor of about
15 when using the GPU (D) regarding to the same computations done in the CPU (C).

Animation sequences 1A, 1B, 1C, and 1D in the additional material (see ima.
udg.edu/˜castro/videosMCMA) have been respectively obtained with approaches
A, B, C, and D. For all of these animations, 200000 shooting paths have been generated
at each light-source position, meaning, when reusing the paths (approaches B, C, and
D, a total of 6 milions of effective paths per frame. Table 1 shows the total time for the
30 frames and the MSE and relative efficiencies for frames 1 and 15. In Fig. 11 we
can see the 15-th frame from the 3 animation sequences involving reuse.

In experiment 2 we have tested a second scene where the light source has a diagonal
straight trajectory near the ceiling. Here, the light orientation does not change during
the animation. 3 sequences, labelled as 2B, 2C, and 2D (see the additional material)
have been generated, obtained with the approaches B, C, and D, respectively. The
number of paths from each position is the same as in experiment 1, and the gain ob-
tained thanks to the visibility approximation is similar to the one in experiment 1. In
Fig. 12, we can see one of the frames from the 3 animation sequences. The relative
efficiencies with respect to a solution obtained without reuse are, for this frame, of
about 1.8, 7.9, and 9.8 respectively.

The relative efficiencies obtained in both experiments with approach D are far from
the theoretical speed-up factor (regarding to the approach without reuse), which is
about the number of positions (see Section 4.1), 30 in our tests. As seen in Table 1,
the MSE does not divide by the number of positions when reusing the paths (it would
divide if all the light positions and orientations were the same), but it reduces less,
especially in the extreme frames. However, this fact is compensated by the reduction of
the flickering effect in the whole sequence of frames when reuse is involved, resulting
in such cases in softer animations. This has to be considered as an important added
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APPROACH TIME MSE f.1 MSE f.15 rel.efficiency f.1 rel.efficiency f.15

A 345” 0.111 0.0781

B 1354” 0.0462 0.0123 0.61 1.62

C 438” 0.0444 0.0109 1.97 5.64

D 347” 0.0499 0.0112 2.21 6.93

Table 1. Experiment 1: 200000 paths generated at each of the positions in all cases,
meaning, in approaches B, C, and D, a total of 6M of effective paths per frame,
thanks to the reuse. Mean square error (MSE) regarding to the corresponding refer-
ence solutions has ben computed for frames 1 and 15 in a 30-frames animation. In (B)
all the visibilities have been explicitly calculated; in (C) they have been approximated
using the CPU; (D) corresponds to the GPU-based acceleration described in Section
3.2. Relative efficiencies regarding to the solution without reuse (approach A) are also
shown.

value to the reuse techniques when applied to animation (see this effect in animations
corresponding to Experiment 1 in the additional material).

We also have to note that, in both experiments, the 3 animations involving reuse look
very similar, meaning that the bias introduced by the discretization of the directions in
approaches C and D is not visually noticeable. On the other hand, the MSE obtained
after subtracting the bias in the solutions corresponding to C and D is practically the
same for most of the frames, meaning that the approximation using visibility maps
does not affect the error convergence.

5. Conclusions and future work

We have presented an algorithm that allows the reuse of shooting paths nearly for free
in the radiosity random walk context. This algorithm is valid for computing a set of
radiosity solutions corresponding to different source positions and orientations.

The strategy that makes possible the reuse of the shooting paths needs the computa-
tion of point-to-point visibilities. The contribution presented in this article is based on
replacing the exact computation of such visibilities by an approximation using visibil-
ity maps, reducing in this way the computational cost. The use of the GPU in order to
build the visibility maps, approximate the visibilities, and compute the form factors,
happens to be an added value to our algorithm, allowing the reuse of the paths prac-
tically for free. As shown in our experiments, this drives us to a speed-up factor with
respect to the computation without reuse close to the number of positions. The relative
efficiency obtained depended on the frame considered: in general, the more central the
light-source position, the lower the error and thus the higher the relative efficiency.
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Our contribution is appropriate for light-source animation, allowing the computation
of all the frames at the same time. In this case, the reduction of the flickering in the
animation, due to the use of the same paths for all the frames, happens to be an added
value to the reuse techniques. In static environments, our contribution can be applied
to compute a basis of radiosity solutions in order to choose, from a set of positions, the
best one to place the light-source, or to test different light configurations.

Some future lines of research can be outlined. First, we could study non-uniform
distributions of the number of paths to be generated at each light-source position (for
instance, generating more paths the more extreme the position is, in order to compen-
sate for the higher error of these frames). Also, the reuse frame could be adapted to
environments with moving objects (in addition to moving light sources). Finally, we
can consider the use of the GPU not only for the form-factor computation but also for
the path tracing.
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Figure 9. Experiment 1. (top) Time vs MSE for the first frame in the animation.
(bottom) Time vs MSE for the 15-th frame in the animation.
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Figure 10. Experiment 1. Time for visibility maps construction plus form factor com-
putation for approaches C (in the CPU) and D (in the GPU).
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Figure 11. Experiment 1. (left) 15-th frame (out of 30) obtained with reuse of paths
and exact visibility computation. Total time for the full animation 1354 sec. (center)
15-th frame (out of 30) obtained with reuse and visibilities approximated using the
CPU. Total time for the full animation 438 sec. (right) 15-th frame (out of 30) obtained
with reuse and visibilities approximated with the GPU. Total time for the full animation
346 sec. 200000 paths have been generated at each position for the 3 animation
sequences, resulting in a total of 6M of effective paths per frame, thanks to the reuse.



20 F.Castro, G.Patow, M.Sbert, J.H.Halton

Figure 12. Experiment 2. (top) 20-th frame (out of 30) obtained with reuse of paths
and exact visibility computation. Total time for the full animation 1092 sec. (center)
20-th frame (out of 30) obtained with reuse and visibilities approximated using the
CPU. Total time for the full animation 331 sec. (bottom) 20-th frame (out of 30)
obtained with reuse and visibilities approximated with the GPU. Total time for the
full animation 245 sec. 200000 paths have been generated at each position for the 3
animation sequences, resulting in a total of 6M of effective paths per frame, thanks to
the reuse.


