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Abstract:

Simulation of the area light sources direct illumination is a topic of interest in the field of Computer Graphics.
In the real world, all light sources have a surface from which light is emitted. Thus, for a physically correct
simulation of the light transport in graphical applications, area light sources are required. In addition, there
are complex lighting effects that can only be simulated with such light sources. In this paper, we present an
improvement of the direct lighting simulation for area light sources within the real-time global illumination
technique called light propagation volumes. Our method is based on a voxelization of the area light source
geometry in a voxel volume of the same resolution as the light propagation volume used in the global illumination technique. With a sample for every voxel that intersects a triangle, for every triangle of the mesh, we
obtain an optimal distribution of the samples needed to approximate the direct illumination of the area light
source for the light propagation volumes technique.

1

INTRODUCTION

An area light source is defined by a geometry on the
surface of which radiance is emitted. Such a light
source has applicability in Computer Graphics because it can reproduce effects such as the light of
a TV display. The light emitted by such a source
can reach the observer directly, but it can also reach
other surfaces in the scene and by reflection, only later
reach the observer. In particular, the simulation of the
first bounce of light is a topic of interest in Computer
Graphics. Analogous as for analytic light sources,
such as directional or point lights, we consider the
simulation of this first bounce of light to be direct illumination.
By comparison, the analytic light sources are a
useful mathematical concept in practice. These light
sources have no surface or volume and are usually
represented by a position in space, around which they
scatter radiance according to a chosen behavior. Their
simulation is easily performed analytically and offers
fast solutions for real-time applications. They can
also produce plausible visual results. However, this
type of light does not exist in real world. All the
lights in nature have a surface and in addition, effects
a
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such as the one mentioned above cannot be simulated
with analytic lights. Therefore, the simulation of direct lighting of area light sources has been researched
for a long time.
In this paper, we present a method to improve
the simulation of area light sources direct illumination within the real-time global illumination technique called light propagation volumes (Kaplanyan
and Dachsbacher, 2010). Its authors specified that this
technique can be adapted to simulate the direct illumination of area light sources by sampling the surface of
these sources to obtain an initial set of points that are
used as input for the technique. More details about
the light propagation volumes technique are provided
in Section 2.2. Our method uses a voxelization of the
area light source mesh representation into a voxel volume of the same resolution as the 3D grid used in the
global illumination technique. Taking a sample for
each voxel that intersects a triangle, for every triangle of the mesh, creates an optimal distribution for
the samples needed to approximate the direct illumination of area light source for the light propagation
volumes technique.
The paper is structured as follows. Section 2
presents the related works and the necessary background for our method, followed in Section 3 by a
detailed description of it. Section 4 presents the quantitative and qualitative results obtained by our method.
Section 5 presents some conclusions about our work.
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2
2.1

RELATED WORK
Area Lights

The real-time techniques approached by the game industry are based on analytical solutions that provide
plausible results. One of them uses a set of representative points to approximate the surface of the light
source. These points are numerically integrated to
obtain an approximation of the lighting of the entire
surface. The approach requires closed-form formulas specific to the area light source shape. Several
solutions have been proposed for different shapes,
such as lines (Picott, 1992), spheres (Snyder, 1996)
and rectangles (which also applies to disks) (Drobot,
2014). For generic planar polygonal light sources,
Arvo (Arvo, 1995) proposed a solution that was later
improved by Lecocq et al. (Lecocq et al., 2017) to
provide real-time performance. Recently, Heitz et
al. (Heitz et al., 2016) introduced a new class of techniques that use linearly transformed spherical distributions to offer great flexibility over the shape of the
polygon that describes the light source.
The direct illumination of an area light source behaves similarly to the indirect illumination of the surface when the light comes from another light source.
So that, in general, real-time global illumination techniques can easily simulate direct illumination of area
light sources, as shown by Lambru et al. (Lambru
et al., 2021). Nichols et al. (Nichols et al., 2010)
proposed such an approach that uses the information on the screen. However, this approach is limited
by the information on the screen and have problems
with temporal coherence as the camera moves. The
light propagation volumes technique (Kaplanyan and
Dachsbacher, 2010), which our method improves, offers good visual results. This technique is presented
in more detail in the next subsection. The techniques
that use the scene geometry in the form of voxel representation can also simulate the direct illumination of
area light sources, as shown by Villegas and Ramı́rez
(Villegas and Ramı́rez, 2016).

2.2

Light Propagation Volumes

This technique was proposed by Kaplanyan and
Dachsbacher (Kaplanyan and Dachsbacher, 2010) to
produce real-time indirect illumination and uses a 3D
grid, known as light propagation volume (LPV). Every LPV cell stores the radiance that leaves the center
of the cell in all directions around it. To store such
a distribution around a point, spherical harmonics are
used. In order to compute the indirect illumination
for every pixel on the screen, obtained by rendering

the scene from the position of the observer, the information from the LPV cell whose center is closest
to the 3D space position of the pixel is queried. In
this way, the radiance that reaches the pixel from the
center of the LPV cell is obtained. However, for this
purpose it is required to compute in each cell the radiance that reaches its center from all areas of the scene.
This process is done in two steps. First, an initial radiance is introduced in the cells whose center is closest
to the positions where the light is reflected by the surfaces of the scene. In the second step, this radiance
information is propagated to all LPV cells. The second step propagates the radiance information through
an iterative process, that at every iteration, propagates
the radiance information on each cell to all its neighbors. This can also be a gathering process, in which
at each iteration, each cell accumulates the radiance
information from its neighbors.
Kaplanyan and Dachsbacher (Kaplanyan and
Dachsbacher, 2010) specified that the initial radiance
can be obtained from any source. In order to simulate
the area light sources direct illumination, they proposed sampling the area lights surface in virtual point
lights (VPLs), which would be subsequently introduced into the LPV. Di Koa et al. (Di Koa et al., 2017)
improved this approach and used a Poisson sampling
to acquire the VPLs. Di Koa and Johan (Di Koa and
Johan, 2016) proposed a technique to obtain a second bounce of light for area light sources, by using
the LPV for direct illumination and the information
on the screen for indirect illumination. However, this
approach has problems due to the fact that it is limited to the information available on the screen for the
second bounce of light.

2.3 Mesh Voxelization
A voxel represents a unit of space of cubic shape and
is oriented parallel to the coordinates axes. The representation of spatial information as a grid of voxels
has applicability in generic volumetric rendering.
The conversion of polygonal meshes into a voxel
volume is known as voxelization. Several real-time
techniques (Fang and Chen, 2000; Dong et al., 2004)
have taken advantage of the hardware acceleration
of GPUs. Eisemann and Décoret (Eisemann and
Décoret, 2008) proposed an approach that uses the
GPU rasterizer to voxelize the mesh representation of
the scene in a single rendering pass, but can only produce binary information per voxel. Schwarz and Seidel (Schwarz and Seidel, 2010) also proposed a single
pass solution, but without limitations on the information stored in a voxel.
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3

PROPOSED METHOD

Our method is an improvement of the light propagation volumes technique (Kaplanyan and Dachsbacher,
2010). Its authors proposed to simulate the direct illumination of area light sources by sampling the surface
of these sources and creating a VPL for every sample. These VPLs are subsequently introduced into
the LPV as initial radiance. However, they failed to
provide a sampling strategy and a distribution of the
samples. They stated that they simulated area light
sources direct illumination with a dense sampling of
VPLs without providing an analysis and a quantitative
evaluation of this adaptation.
The purpose of this set of samples proposed by the
authors is to approximate the area light source direct
illumination inside the LPV. A sample set that does
not cover every LPV cell that intersects the area light
source surface does not introduce the radiance in all
the cells necessary to approximate the direct illumination of this source. This scenario is visible in Panel
(a) of Figure 1, where it can be seen that the visual
result is not plausible because the scene is dimly lit
compared to the surface of the area light source. By
contrast, in Panels (b) and (c) of Figure 1, the visual
results obtained with two sample sets that cover all
intersecting LPV cells can be observed.
This initially injected illumination is later propagated throughout the LPV so that it can be quickly
accessed at any point in the scene. The radiance of
a VPL is injected into the LPV cell whose center is
closest to the VPL position. Thus, the VPL position
is not stored inside the LPV and it is considered that
x2

the radiance emission is made from the center of this
LPV cell. In the situation where the intersection area
between the area light source surface and a LPV cell
has homogeneous information on its entire surface,
such as the same radiant flux and emission direction,
a single VPL is sufficient to approximate the direct illumination of the area light source in the intersected
LPV cell. Such a scenario is visible in Panel (c) of
Figure 1, where it can be observed that the same visual result is obtained as in Panel (b) of Figure 1,
for which a larger sample set was used. All VPLs
in the same intersection area with homogeneous information on its surface contain the same information
except for the position, which is not stored inside the
LPV cell. For a mesh representation of the area light
source, this homogeneity on the surface of the intersection area is obtained when the homogeneity is at
the level of an entire triangle. We continue this section by presenting this simplified scenario with homogeneous information and subsequently we present our
proposal for the situation in which the information is
not homogeneous at the level of an entire triangle. For
both scenarios, our proposal uses only one sample per
intersection area.
The use of a single sample per intersection area
offers multiple performance advantages. It should be
mentioned that the sample set cannot be processed entirely offline and the radiance of the VPLs in it must
be injected into the LPV at each frame based on the
transformations of the area light source and the position of the LPV. Thus, a large set of VPLs has a high
cost because it requires processing at each frame. For
this reason, dense sampling is not always the optimal
solution for the simulation of area light source direct
illumination.

3.1 Sampling by Voxelization
x2

(a)

(b)

(c)

Figure 1: Three panels that show different scenarios of sampling the triangles of the area light source mesh. The yellow
rectangle represents a planar area light source composed of
two triangles. The top figure in each panel shows the distribution of samples that approximate the area light source
direct illumination. The samples are marked by red dots,
inside the triangles of the mesh and the LPV grid. Panel
(a): an under-sampling scenario is presented. Panel (b): an
over-sampling scenario. Panel (c): The VPL distribution
obtained by our voxelization sampling method. The large
red dots mark two overlapping samples.

214

We further refer to the term intersection area for the
entire portion of a triangle that is found inside a LPV
cell. To obtain all the intersection areas of an area
light source mesh, we use a process similar to the
voxelization approach proposed by Schwarz and Seidel (Schwarz and Seidel, 2010). This technique uses
the GPU rasterizer to voxelize the geometry in a single rendering pass. The pipeline of our approach is
shown in Figure 2 and is described below.
The voxelization process starts by rendering the
area light source mesh in a viewport having the resolution of the LPV faces. In the geometry shader, the
vertices of the triangle are projected on the plane of
one of the LPV faces. In the fragment shader, the
clipspace coordinates (x, y, z) are normalized to the
resolution of the LPV (side3 ), obtaining the position
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Triangle Voxelization
Vertex Shader
Transform to world space
Geometry Shader
Project triangle vertices
Expand triangle
Fragment Shader
Obtain the intersected LPV cells along z-axis.
Discard fragment when there is none.
Compute intersection AABB between
LPV cell face and initial triangle projection
Generate clamped cosine lobes distribution
Sample texture mipmap level
Inject sample inside intersected LPV cells
Insert the number of samples inside
intersected LPV cells counter
Spherical Harmonics Coefficients Weighting
Compute Shader
Weight spherical harmonic coefficients

Figure 2: The pipeline of our sampling method that uses
the voxelization of the area light source mesh. Operations
marked in yellow represent the necessary additional steps
when the information is not homogeneous on the entire surface of the mesh triangles.

of the cell (Ax , Ay , Az ) in the LPV grid.
A triangle can intersect several LPV cells on the
z-axis, cells for which no fragments are produced by
the voxelization approach we use. Thus, all LPV
cells that have the same coordinates (Ax , Ay ) must be
checked whether they intersect with the triangle. For
this process, we used the test proposed by AkenineMöller (Akenine-Möller, 2001). To optimize this
approach, we project the triangle on the LPV face
for which the triangle projection has the largest surface. This approach ensures that a maximum of 2
cells intersect the triangle projection on the z-axis.
To obtain the 2 cells, we check only the following
3 cells: {(A0x , A0y , A0z−1 ), (A0x , A0y , A0z ), (A0x , A0y , A0z+1 )},
where (A0x , A0y ) represents the coordinates on the face
chosen for the projection of the triangle and A0z is the
coordinate in depth along the axis perpendicular to
this face. Such a scenario is presented in Figure 3.
The GPU rasterizer does not generate the fragments whose centers are outside the rasterized triangle, even when the triangle partially intersects them.
Thus, a VPL for the intersection area cannot be generated when the fragment shader process has not started.
To generate these fragments, we extend the rasterized
triangle outwards with the approach proposed by Hasselgren et al. (Hasselgren et al., 2005). This approach
sends to rasterization a larger triangle which cov-

A'z+1

A'z

A'z-1

Figure 3: Section perpendicular to the plane of the LPV
face on which the triangle is projected. The section of the
triangle is marked in yellow. The section of the plane on
which the triangle is projected is marked in black. The gray
cell pairs are intersected by the section of the triangle along
the axis perpendicular to the face on which it is projected.

ers the centers of all partially intersected fragments.
However, the larger triangle can also cover the center of other fragments that are completely outside the
triangle. In order not to introduce samples into LPV
cells that should not receive radiance, we compute the
cells of the LPV, along the z-axis, which intersect the
initial triangle, before the expansion process.
For every intersection area, a VPL is created with
the position of the LPV cell center in which the area
is located and with the direction of radiance emission
and the radiant flux of the triangle. This situation is
valid when the information is homogeneous over the
entire surface of the triangle. Because the intersection
areas are computed for every triangle, this approach
covers the situation in which the triangles have different information from others.
The radiance of each VPL is injected into the
spherical harmonic inside the LPV cell similarly to
that of the VPLs for indirect illumination in the light
propagation volumes technique. We use a clamped
cosine lobe in terms of zonal spherical harmonics
along the negative z-axis (Ramamoorthi and Hanrahan, 2001) rotated in the direction of radiance emission (Sloan, 2008). To obtain the radiance distribution
for all VPLs in a LPV cell, we use:
D0 =

1 N
∑ Di ·Ci
N i=0

(1)

where D0 represents the spherical harmonic coefficients that approximate the radiance distribution in
the LPV cell, N is the number of VPLs inside the cell
and Di represents the coefficients of the clamped cosine lobe in terms of zonal spherical harmonics that
approximate the radiance distribution of the i-th VPL.
We compute the coefficients D0 of 3 spherical harmonics inside each cell, one for every color channel {R, G, B}. Thus, Ci represents the intensity of the
color channel corresponding to the coefficients D0 for
the i-th VPL. We use 2-band spherical harmonics, so
a total of 4 coefficients are used.
We count the number of VPLs in each LPV cell

215

GRAPP 2022 - 17th International Conference on Computer Graphics Theory and Applications

in parallel with the computation of the spherical harmonic coefficients corresponding to the cell. During
the voxelization process, we store this VPL counter
for each cell and we update the coefficients without
weighting. After this process, we weight all the coefficients in a compute shader.
The GPU can start several fragment shader processes in parallel, so that several VPLs can be injected
in a LPV cell at the same time. To avoid concurrency problems, we use atomic operations to update
the spherical harmonic coefficients and the counter inside the LPV cells.

3.2

Radiance Distribution

To store a specific radiance distribution on the surface of a mesh triangle, we use an emission direction
for every triangle vertex. The emission direction at a
point inside the triangle is computed through interpolation.
In this situation, where the emission direction is
not the same on the entire surface of the intersection
area, it is necessary to create a spherical harmonic
that approximates this radiance distribution. Several methods (Wang and Ramamoorthi, 2018; Belcour et al., 2018) have been proposed to compute
such a spherical harmonic for any number of bands.
However, due to the fact that we use 2-band spherical
harmonics, such an approach would be unnecessary.
Our approach to approximate the radiance distribution
uses a set of clamped cosine lobes to approximates all
emission directions on the intersection area surface.
To obtain the distribution of the clamped cosine
lobes, we compute the projection of the intersection
area on the LPV face on which the triangle is projected. For simplicity, we compute only the axisaligned bounding box (AABB) of the intersection
area between the face of the LPV cell and the projection of the initial triangle, before expansion. For
this process, we compute the AABB of the polygon
formed by the projected vertices of the triangle that
are inside the LPV cell face, the corners of the LPV
cell face that are inside the triangle projection and the
intersection points between the edges of the LPV cell
face and the edges of the triangle. These points can
be seen in Figure 4, marked with red dots.
After obtaining this AABB of the intersection area
projection, the emission direction in each corner of
the AABB is computed. The clamped cosine lobes
are distributed between the emission directions from
the corners, vertically and horizontally at angular distances of the same degree as that of the cosine lobe.
Each generated cosine lobe is injected into the LPV
cell with a weight of 1. The only observation is that
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Figure 4: Several examples of AABBs, marked with dotted
line, computed for the intersection of the triangle projection, marked in yellow, with a LPV cell face. An AABB is
obtained for the polygon determined by the points marked
with red dots.

this distribution is created locally and only the final
approximation with the weight as the number of lobes
required for the approximation is injected inside all
LPV cells intersected along the z-axis.
To obtain the emission direction in a corner of the
AABB, we compute the barycentric coordinates of
the respective corner inside the initial triangle. With
these barycentric coordinates, the direction from the
corner of the AABB is computed based on the direction information from the vertices of the triangle.
This approach can produce minor visual errors because it generates a single radiance distribution for the
AABB of the intersection area projection. This intersection area, as presented in Section 3.1, can cover
two LPV cells. For a correct computation of the radiance distribution, the intersection area for every intersected LPV cell must be processed.

3.3 Textured Area Lights
To store the radiant flux information on the surface
of a triangle mesh, we use the texture mapping technique. We use texture coordinates at the vertices of
the triangle and interpolate them to obtain the texture
coordinate at any point inside the triangle. This coordinate is used to sample the radiant flux map.
To approximate the entire radiant flux of the intersection area, we use, similarly as in Section 3.2,
the AABB of this area projection on the LPV face on
which the triangle is projected. Based on the barycentric coordinates of the AABB center, the texture coordinate from this position is computed. To quickly
compute the entire radiant flux information of the intersection area, the mipmaping technique is applied
to the radiant flux map. We compute the mipmap
level required to approximate the radiant flux similar
to the specifications of the OpenGL standard (Segal
and Akeley, 1999), based on the texture coordinates
in the corners of the AABB.
This approach, similar to Section 3.2, can produce
minor visual errors due to the fact that a single radiant
flux sample is computed for all LPV cells intersected
along the z-axis. In addition, due to the approximation made by the mipmapping technique, radiant flux
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information can be introduced from areas outside the
intersection area.

4

RESULTS

4.1

Dense Sampling

Because the authors of the light propagation volumes
technique did not provide a strategy to sample the surface of the area light sources, we had to design our
own strategy to obtain a dense sampling. We compare
the results obtained by this strategy with our optimal
method that uses the voxelization process of the area
light source mesh.
To obtain a dense sampling, we decided to sample each triangle of the area light source mesh with a
number of samples evenly distributed inside the triangle. The distribution of the samples inside a triangle
was made similarly to Turk (Turk, 1990):
√
√
√
P = (1 − r1 ) · A + r1 · (1 − r2 ) · B + r1 · r2 ·C (2)
where P is the sample position, (A, B,C) are the vertices positions of the triangle and {r1 , r2 } are two random numbers in the interval [0, 1].

4.2

Evaluation

We implemented both the dense sampling strategy described in Section 4.1 and our method described in
Section 3 in the C++ programming language with
OpenGL 4.6 graphics API. Performance evaluation
was performed on a machine with Nvidia GTX 1660
GPU.
We evaluated 5 different area light source meshes
with a LPV of 323 and 643 resolutions. For the dense

sampling strategy, we used 3 sets of samples with 1,
100 and 1 000 samples/triangle. The results of the
quantitative evaluation are presented in Table 1 and
the visual results, only for 643 LPV resolution, are
presented in Figures 5 and 6.
We also made a quantitative comparison between
the visual results from Figures 5 and 6. We computed
the mean squared error (MSE) between the pixels of
each image obtained with a dense sampling and the
ones of the image obtained with our method for every
area light source mesh. This MSE is found under each
image obtained with the dense sampling in Figures 5
and 6.
It is visible in Table 1 than a LPV resolution of
643 has better performance that a 323 resolution for
almost all test data. This is because atomic operations
were used to inject the radiance of each sample into
the LPV, as presented in Section 3.1. Thus, for a high
LPV resolution, few samples are introduced into the
same cell. From our tests, this operation is the most
expensive for the entire sampling process, far beyond
the actual samples generation.
The performance of the strategy that obtains a
dense sampling is poor for a large number of triangles, for obvious reasons. The best performance is
obtained for 1 sample/triangle, but as can be seen in
Figure 5, the visual results are not always the best and
can produce a dimly lit scene. The visual results become plausible and approach the optimal result when
a large number of samples is used. Our method obtains this result for area light source meshes that have
homogeneous information on the surface of all triangles. It detects the LPV cells intersected by each triangle and produces a single sample for every one. The
use of a dense sampling does not always guarantee
that a sample is produced for an intersection area.
The reasons why our method obtains optimal visual results are explained in Section 3, but a practi-

Table 1: Performance evaluation for both the strategy that obtains a dense sampling and our method that uses the voxelization
of the area light source mesh. The number of triangles for every evaluated mesh is as follows: Quad - 2 triangles, Square
Pyramid - 6 triangles, Tube - 12 triangles, Sphere - 720 triangles and Stanford Lucy - 33 446 triangles.

LPV Area light
res. source mesh

323

643

Quad
Square Pyramid
Tube
Sphere
Stanford Lucy
Quad
Square Pyramid
Tube
Sphere
Stanford Lucy

1 smp/tri
0.007 ms
0.007 ms
0.007 ms
0.009 ms
0.132 ms
0.007 ms
0.007 ms
0.007 ms
0.008 ms
0.123 ms

Sampling strategy
Dense sampling
100 smp/tri
1 000 smp/tri
0.007 ms
0.015 ms
0.009 ms
0.034 ms
0.012 ms
0.053 ms
0.235 ms
2.475 ms
9.850 ms
98.500 ms
0.007 ms
0.015 ms
0.009 ms
0.024 ms
0.016 ms
0.047 ms
0.140 ms
1.581 ms
9.250 ms
91.760 ms

Our method
0.024 ms
0.024 ms
0.025 ms
0.031 ms
0.307 ms
0.020 ms
0.020 ms
0.020 ms
0.032 ms
0.304 ms
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(d)

(e)

0.036959

0.000066

0.000001

0.035019

0.000239

0.000046

0.018754

0.000398

0.000006

0.000171

0.000011

0.000002

0.000024

0.000006

0.000005

Our method

Square Pyramid

Quad

1 000 samples
per triangle

Tube

(c)

Dense sampling
100 samples
per triangle

Sphere

(b)

Stanford Lucy

(a)

1 sample
per triangle

Figure 5: The visual results obtained with both the strategy that obtains a dense sampling and our method that uses
the voxelization of the area light source mesh. For the first
method, the visual results obtained for the use of 3 sets
of samples with 1, 100 and 1 000 samples/triangle are presented. The number below each image represents the MSE
between the pixels of the image and the ones of the image
obtained with our method, visible on the right side of each
panel.

cal example is also provided in Figure 5. This figure shows the MSE between the pixels of each image
obtained with a dense sampling and those of the image obtained with our method. It can be seen that
the MSE is small when a dense sampling with 100
samples/triangle is used and approaches 0 when the
number of samples/triangle is 1 000. Thus, it can be
observed that our method offers visual results almost
identical to these provided by the use of a dense sampling with a large sample set.
Our method provides optimal visual results in
general at performances superior to a dense sampling.
This can be observed from the quantitative evaluations visible in Table 1 and Figure 5, where in Panel
(b) of Figure 5 the optimal visual result is obtained
for 1 000 samples/triangle in 0.034 ms compared to
our method that obtains an almost identical result in
0.024 ms for a LPV resolution of 323 . A similar situation is in Panel (c), with 1 000 samples/triangle with
a performance 2 times poorer than that of our method,
in Panel (d) with 100 samples/triangle at a performance 4.3 times poorer and in Panel (e) with 100
samples/triangle at a performance 30.4 times poorer.
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The only area light source mesh for which the use
of a dense sampling has superior performance to our
method is the one in Panel (a) of Figure 5, where for
1 000 samples/triangle, dense sampling obtains the
optimal result at a performance of 0.6 compared to
our method.
For the situation where the information is not homogeneous on the entire surface of the mesh triangles, our method produces visual results similar to
those obtained by a dense sampling. This is visible
in Panel (a) of Figure 6. Our approach can produce
minor visual errors, as explained in Sections 3.2 and
3.3. However, it can be seen that the MSE between
the pixels of the image obtained with a dense sampling and those of the image produced by our method
is small when the number of samples is large for the
dense sampling. Therefore, the result obtained by our
method is close to the optimal one, obtained with the
dense sampling when a large number of samples is
used.
Our method is an improvement of the light propagation volumes technique. It offers an optimal distribution of VPLs that approximates the direct illumination of area light sources, but after this step, the
light propagation volumes technique does not support
changes. Therefore, the direct lighting simulation has
the same level of flexibility and quality of the visual
results as this technique allows. Our method can produce, at different quality levels, several lighting effects. The effect with the highest quality of the visual results is the direct diffuse illumination, visible in
Panel (a) of Figure 6. The direct specular illumination
is not of good quality due to the rather low resolution
of the LPV and the use of 2-band spherical harmonics, as shown by Lambru et al. (Lambru et al., 2021).
Both limitations are motivated by performance. The
visual results are visible in Panel (b) of Figure 6.
1 sample
per triangle

Dense sampling
100 samples
per triangle

1 000 samples
per triangle

Our method

(a)

0.009839

0.000478

0.000020

0.002217

0.000120

0.000022

(b)

Figure 6: The visual results obtained with both the strategy that obtains a dense sampling and our method that uses
the voxelization of the area light source mesh. The number
below each image represents the MSE between the pixels
of the image and the ones of the image obtained with our
method, visible on the right side of each panel. Panel (a):
only the direct diffuse illumination is presented. Panel (b):
only the direct specular illumination.
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5

CONCLUSIONS

In this paper, we have presented an improvement of
the light propagation volumes technique for the particular case of simulating area light sources direct illumination. This technique requires the approximation of these sources direct illumination in the form
of a set of VPLs, that are later used as input in the
technique. The method proposed by us in this article
provides an optimal distribution of VPLs on the area
light source surface, which offers an optimal approximation for the light propagation volumes technique.
A further improvement can be represented by the
better approximation of inhomogeneous information
on the surface of intersection areas. The explanation
of the visual errors obtained with our approximation
was provided in Sections 3.2 and 3.3, together with a
theoretical solution to obtain a better approximation.
Based on the light propagation volumes technique, our method offers plausible visual results for
both diffuse and specular direct illumination. However, there are other illumination effects that could be
produced, such as shadows, volumetric lighting and
the simulation of supplemental light bounces for area
light sources. These illumination effects are important for area light sources and their simulation may be
a topic of interest in the future.
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