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1. Preprocessing for Importance Analysis

In this paper, since importance (i.e., light map texel den-
sity) is constant in a triangle primitive, it is precomputed and
stored in each triangle for acceleration. In theory, such im-
portance I(t) for a triangle t can be computed as follows:

I(t) =
Al(t)
Ao(t)

, (1)

where Ao(t) is the area of the triangle in object space and
Al(t) is the area of the triangle in light map space. However,
it can lead to large errors for small triangles in practice, as
shown in Figure 2 (a). UV unwrapping tools can produce
noise caused by lack of computation precision which is gen-
erally undetectable to artists. Even if the area of a triangle in
light map space is imperceptible, it can be much larger than
the area in object space for practical scenes.

To avoid noise, an image space technique is employed in
this paper. Since the lowest required bandwidth is the same
as the light map texel size, the texel density is estimated us-
ing the four nearest neighbor texels as shown in Figure 1
left. Let xi be a neighbor texel of the target texel x, then the
density can be given by:

I(x) = ∑
3
i=0 w(xi)w(x j)

∑
3
i=0 w(xi)w(x j)‖ei× e j‖

, (2)

where j = i + 1 (mod 4), and w(xi) = 1 if the neighbor
texel xi is mapped to an object, otherwise w(xi) = 0. The
edge vector ei is given by ei = p(xi)−p(x), where p(x) is
the position in object space. To obtain p(x), a position buffer
is first rendered using the same projection as light maps.
However, Equation (2) can produce zero divide, as shown
in Figure 1 right. Therefore, instead of Equation (2), we use
the following approximation:

I(x) = ∑
3
i=0 w(xi)

∑
3
i=0 w(xi)‖ei‖2

. (3)

Figure 1: The texel density is estimated using the four neigh-
bors of the target texel in the position buffer. However, as
shown in the right image, singularities can be produced. This
paper uses an approximated estimation in order to reduce
singularities.

Finally, Equation (1) is clamped to the maximum value of
Equation (3) Imax(t) = maxx∈t(I(x)) as:

I(t) = min
(

Al(t)
Ao(t)

, Imax(t)
)
, (4)

and stored in the triangle t as shown in Figure 2 (b)(c). If
the triangle t is smaller than the pixel size and there are no
intersected sampling points of pixels, Imax(t) = 0.

The maximum importance Imax(t) is calculated by render-
ing all triangles using the same projection as the light maps.
The pixel shader estimates I(x) for each texel and computes
the maximum value Imax(t) for each triangle using an atomic
instruction. Next, Equation (4) is computed for each triangle
using a compute shader. Since there are only these two ren-
dering passes and the compute pass, the preprocessing time
is negligibly small compared to the total computation time.

2. Light Transport Computation

This section describes our light transport algorithm. In the
light transport computation phase, once a local ray-bundle is
generated, the light transport problem is solved by using the
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Figure 2: The left importance map estimated by Equation (1), presenting errors which are over 500 texels / mm2. Light map
space estimation (middle) avoids the errors for small triangles, while it can produce additional errors for large triangles. Their
combination produces better results.

ray-bundle light maps

Figure 3: Ray-bundle tracing and radiance exchange. The
sample direction is randomly generated and light maps are
updated in an iterative fashion. Tiled ray-bundles are cre-
ated in each iteration. Light transport is computed by look-
ing up the radiance of visible fragments from the light maps
computed in the previous iteration.

radiance exchange method described in [HHGM10]. Her-
mes et al. used texture atlases as intermediate data structures,
whereas we use light maps directly. The light maps are up-
dated in an iterative fashion. The light transfer is computed
between all pairs of successive points. These pairs are found
using the ray-bundle (see Figure 3). Taking x1 and y1 to be a
pair of successive points, the pixel corresponding to x1 in the

light maps is updated using the radiance at y1. The approxi-
mated radiance at y1 is obtained by light maps computed in
the previous iteration. Similarly, the pixel corresponding to
y1 in the light maps is updated using the previous radiance
at x1. This updating scheme allows multiple interreflections
without additional ray generation. Although this method is
biased, it converges to the truth by increasing the light map
resolution and ray-bundle resolution.

3. Optimizations

Frustum Culling A local ray-bundle is often very narrow
compared to an entire scene. Only light maps intersected
with local ray-bundle should be updated. To reduce redun-
dant computations, frustum culling is employed for ray-
bundle creation and light map update. Frustum culling en-
sures scene size scalability for our tiled ray-bundle tracing.

Data Compression With our method, 16 bits float type and
RGBE type [War91] are employed for light maps and ray-
bundles respectively to reduce memory usage. Since our
light maps have RGB and weight channels, 8 bytes per texel
are used. A node data size of the linked-list is 12 bytes be-
cause it has radiance (RGBE type), depth (float type), and
next node pointer (integer type). However, conversion from
32 bits float type to these lower-precision data type is a bi-
ased operation and it diverges in only a few thousand direc-
tion samplings. To avoid this problem, stochastic rounding is
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used as it enables unbiased conversion by rounding a value
randomly. Furthermore, the resulting images are implicitly
half-toned.
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