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Abstract

Computing a series of frames of an animation in
a global illumination framework is a very costly
process. If we want in addition to experiment
with different camera and lighting positions, the
cost can become prohibitive. In this paper we
show how this computation time can be dramat-
ically reduced by combining different simplifi-
cations and the reuse of previously computed
data. On the one hand, the data between neigh-
bor frames in a walkthrough (camera animation)
can be reused by reprojection. On the other
hand, using the obscurances technique, we sim-
plify the computation of the global illumination
by separating the direct and indirect lighting and
by darkening the more occluded parts of the ob-
jects of the scene. Color bleeding is also applied.
Due to the separation of direct and indirect il-
lumination, for a given camera position, the in-
direct illumination needs to be computed only
once, while the direct lighting can be computed
for as many different light positions as we like.
Both camera and light animations can be effi-
ciently combined giving as result a set of images
through which we can navigate and, for exam-
ple, see the light animation for different camera
positions, do the same walkthrough for different
locations of the light, or combine both light and
camera animations in the same movie.
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1 Introduction

In production rendering of most short and long
animated films and virtual scenarios of a movie
the maximum realism has to be achieved. Nowa-
days, the most recent global illumination tech-
niques do the work, though they require a big ef-
fort in computation power and time. Global illu-
mination aims to simulate the lighting of a scene
in a physically realistic way using ray casting
based techniques, as path tracing [1] and pho-
ton mapping [2]. In each frame millions of rays
have to be cast to allow for an image without
disturbing noise and without noticeable flicker-
ing between frames.

In this paper we will concentrate on two kinds
of acceleration for global illumination: the reuse
of information between contiguous frames in a
walkthrough (camera animation) and the use of
the obscurances technique, actually not a global
illumination technique, but a powerful simpli-
fication to compute indirect illumination that
leads to very good visual results and allows to
compute very efficiently the animation of light.

Havran et al. in [3] presented an architecture
for reusing information between frames based
on reprojecting to neighbor eye positions the hit
of the scene given by a ray cast from the eye
through one pixel. In [4], Mendez et al. demon-
strate that Havran et al.’s technique is biased for
general BRDF’s and propose an unbiased solu-
tion. They also showed that for diffuse BRDF’s,
both theirs and Havran et al.’s solution are the
same. We use this last one, an unweighted av-



erage of the results, for the reuse of obscurances
computation between contiguous frames.

Obscurances [5, 6] is an ambient term tech-
nique where occlusions are taken into account,
although only a local environment is queried.
The amount of occlusion will determinate the
diffuse effects. A simplified version of obscu-
rances is used in well known commercial ren-
derers such as Pixar’s Photorrealistic Render-
Man under the name of ambient occlusion [7].
Obscurances, although it is not a global illumi-
nation technique, is able to obtain at a low cost
high quality realistic looking images that simu-
late a global illumination solution. In our case,
direct illumination and glossy effects are com-
puted with the usual ray-tracing methods ([8]),
and diffuse effects are computed using the ob-
scurances techniques.

In [9] obscurances are applied to rendering
of animation frames with moving light sources,
taking advantage of one of the properties of the
obscurances, the decoupling of direct and in-
direct illumination. Thus, Mendez et al. just
needed to compute obscurances once in the first
frame and reuse them in the rest of the anima-
tion. A different ambient light intensity is es-
timated for every frame, resulting in beautiful
color-changing effects.

In this paper we make one step ahead, com-
bining the reuse of frames in a camera animation
with the animation of light sources. The result is
a matrix of images which we can navigate to see
the movement of the light from different fixed
camera positions, a walkthrough with different
light positions, or combine both movements in
an animation.

This paper is organized in the following way.
First we will introduce briefly the obscurances
concept. Next, we will see how the image in-
formation can be reused from one eye to its
neighbor eye positions. Then, in the next sec-
tion, we will see the animation of the light for a
fixed camera position. The combination of both
camera and light animations in one algorithm is
shown next. Finally we will present results and
the conclusions.
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Figure 1: Shape of p(d) function.

2 Obscurances

In [5, 6] the obscurances illumination model
was defined. Obscurances take account of sec-
ondary diffuse illumination, being totally decou-
pled from direct illumination. For every point in
the scene an obscurance value can be computed
by scrutinizing the space around it and measur-
ing how occluded is the point with respect to the
rest of the scene. In [10] color bleeding is intro-
duced.

The obscurances equation is, then, as follows:

W(P) =L

T Jwe

R(Q)p(d(P,w)) cos Odw (1)

where

e p(d(P,w)): function with values between 0
and 1, and giving the magnitude of ambient
light incoming from direction w. The shape
of this function is shown in figure 1.

e d(P,w): distance from P to the first inter-
sected point in direction w

e (: angle between direction w and the nor-
mal at P

e R(Q): Reflectivity at the point ) seen
from P in direction w, for color bleeding
purposes.

e 1/ is the normalization factor.

The indirect illumination for point P is found
multiplying the obscurances factor W (P) to the
reflectivity at the point (R(P)) and to an average
ambient intensity of the scene (1 4):

I(P) = R(P) x Iy x W(P) )



Direct illumination and the specular contribu-
tion, if needed, are added to (2) to obtain the fi-
nal illumination at the point. The direct lighting
is obtained by sending shadow rays to the light
sources. The specular contribution is obtained
in a recursive way, by computing all illumina-
tion, including again direct, indirect (with ob-
scurances) and specular illumination, if needed,
at the reflected point.

3 Reuse of frames

‘We review in this section related work on cam-
era and light animation.

3.1 Camera animation

In [3], an architecture to reuse the information
computed for one frame to other frames is pre-
sented. From the eye, a ray is cast through a
pixel to find a hit point in the scene (named
native hit to distinguish it from the outer hits
found through other eyes) and a sample of the
radiant flux to the eye is taken using any suit-
able technique as path tracing or bidirectional
path tracing. If the point is from a diffuse sur-
face, the radiance information for that point can
be reused in the surrounding frames by repro-
jecting the point (supposing visibility) and find-
ing the corresponding pixel, where the sampled
values are simply averaged. Fig. 2 shows the
idea. In [4] the same idea is discussed under the
point of view of path reuse using multiple im-
portance sampling (see [11]), as different gener-
ation probabilities are involved for non-diffuse
BRDF’s with different points of view. A new
algorithm is presented then to deal with non-
diffuse materials, but it requires big amount of
memory as all radiances, probabilities, and other
data to be combined have to be saved until the fi-
nal computation of the image.

Now suppose we want to compute a series of
frames in a camera animation using ray-tracing
with obscurances, as seen in previous section
and explained in [9], instead of a true global illu-
mination technique. In this case the direct light-
ing of a point in a diffuse surface (or the diffuse
part of its BRDF, as we divide the BRDF in its
pure diffuse and pure specular part) and the ob-
scurances for indirect lighting can be reused in

Figure 2: Reusing the path from observer O for
observer O, at the cost of the visibility
test vis(O', x).

multiple frames using Havran et al’s technique.
To deal with the specular part of the BRDF’s we
don’t have the choice of reusing it as the proba-
bility of following the path starting from another
eye is zero in the case of pure specular materi-
als. In consequence, the pixels that show spec-
ular objects will need more samples or they will
have less quality than the diffuse ones.

3.2 Light animation

In recent papers as [12, 13], path-reuse has been
applied to light source animation. In [9], the
indirect lighting computed with obscurances is
reused between frames. Instead of computing
every frame from scratch, they take advantage
of the fact that neither the obscurances nor the
hit points have to be recomputed. This is pos-
sible if the camera and all objects in the scene
are fixed, and only lights move from frame to
frame. Thus they compute first the obscurances
and store the hit points and incoming directions
of the eye rays. Then, for each frame, direct illu-
mination and specular effects are computed us-
ing shadow and specular rays using the stored
hit points and directions. This has the side effect
of increasing frame-to-frame coherence, elimi-
nating flickering.

To compute indirect light, ambient light fac-
tor can be estimated independently for every
frame. Thus, only direct light, specular effects,
and an ambient light factor, have to be recom-
puted when light sources move or change inten-
sity with respect to the next frame.

Average light intensity and average reflectiv-
ity can be accurately estimated by shooting a
few hundred rays from the light sources before-



hand, and follow their paths while computing
statistically the parameters needed. In this way
ambient intensity, average reflectivity and the
area reached by the light are easily computed.
Ambient intensity is computed for every frame,
and used to multiply the obscurances factor and
diffuse color to obtain indirect lighting. If light
sources power changes among frames or light
movement causes changes in occlusion condi-
tions, ambient intensity also changes and result
in beautiful effects in the animation.

4 Combination of camera and
light animation

Until now, we have seen on the one hand how
to reuse information for neighbor frames in a
camera animation and on the other hand how to
animate lights reusing the indirect lighting from
a fixed camera position. From now on we will
combine both solutions in a unique algorithm.

The main idea is to compute simultaneously
all combinations of camera and light animation,
this is, for every eye position we will compute
the images for all light positions. This is repre-
sented in figure 3. Of course this results in a high
number of images but if we want to generate
movies with different combinations of the light
and camera animations, we clearly save time.

We keep in memory only the images to reuse,
this is, for the current eye position, the indirect
light image and an array of V; direct and spec-
ular images, being IV; the number of light posi-
tions. For every neighbor eye in which to reuse
the current results, we keep the indirect light im-
age and the array of direct light images.

The algorithm (see Alg. 1) goes as follows.
As part of the initialization process we compute
the average light intensity of the scene for ev-
ery light position. Then, for every pixel in ev-
ery frame in the camera animation we get as
many hits in the scene as samples we need for
pixel. Once we have a hit we compute the ob-
scurance value for the indirect color, the direct
lighting and the specular values if the BRDF of
the object has specular component. These spec-
ular and direct values have to be computed for
every light position. The specular values are the
ones that add more computation time to our al-
gorithm, as a new ray is sent in the reflection
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Figure 3: The eyes (O, O’ and O”) are the dif-
ferent positions of the animation of the
camera. The suns (I, I’ and I”’) repre-
sent the different positions of the light
animation. The obscurances value for
the hit point x is computed with the
blue rays, and it can be reused for the
different camera positions as well as
for the different light positions.

direction, a new hit is found and its illumina-
tion computed in a recursive way. But the direct
lighting values are very fast and easy to com-
pute, specially when we have a point light or
a directional light, as we have only to compute
visibility in one direction for each light position.

The specular values can not be reused, so we
keep them directly as final values. We reuse the
values for the different direct lighting positions
and the obscurances values in the NN, previous
and the N, subsequent frames, as the neighbor
eyes are the ones more likely to have visibility
with the hit. As they are diffuse color values,
they can be directly averaged with the previous
results in the corresponding image.

When we have treated all pixels in the cur-
rent frame, and before we keep treating the ones
of the next frame, we have one frame for which
we will not reuse any more values, so we can
compute its final values, i. e. multiply the in-
direct color image and the corresponding aver-
age intensities and add them to the respective
direct and specular images of the array. Then
save all images with different direct light posi-
tions to disc. At the end of the computation, all
remaining images have to be finally computed
and saved to disc the same way.



4.1 Cost analysis

From [4] we know the relative cost of the cam-
era animations with and without reuse. The cost
of tracing an eye ray is c, the cost of computing
the illumination at the hit point in the scene is ¢y,
and the cost of a visibility test is ¢,,. The relative
cost has the limiting value % when nf tends
to infinite. This makes sense, as we gain the time
of computing all the illumination at the hit point
at only the cost of the visibility to a neighbor
eye. If we separe the different contributions of
direct, indirect (obscurances) and specular light-
ing (¢; = ¢4 + Cing + Csp), and we only consider
pure specular lighting (as it will be the case in
our examples) the relative cost has to be modi-
fied to % as the pure specular lighting can
not be reused at all.

On the other hand, the acceleration obtained
due to the reuse of indirect diffuse illumina-
tion is the number of frames this illumination
is reused, ny,, times the relative cost of com-
puting indirect diffuse illumination respective to
the cost of computing all illumination (this is di-
rect+indirect+ specular), cic—’;d.

As both accelerations are orthogonal (i.e.,
independent), total acceleration will be the
product of both relative efficiencies %
Ny Cic*lld R npe X C:fcdsp, when ¢, < ¢.

In conclusion, we save time in both ways, on
the one hand by reusing lighting information be-
tween frames of different camera positions, and
on the other hand by reusing the indirect lighting
computation for all positions of the light. The
final acceleration obtained will heavily depend
on the relative cost of computing the specular
lighting, i.e. the depth of recursion and relative
number of pixels that show specular objects.

4.2 Application

At the end of our computation we get as result
a set of images combining each camera posi-
tion with each light position. This is very use-
ful when the animator wants to see the same
camera animation under different light condi-
tions, check the same animation of the light from
different points of view or combine both light
and camera animations in the same or different
movies. Figure 4 shows clearly this application.
Note that, though the directions and senses of
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Figure 4: The algorithm results in a matrix of
images that we can navigate. The rows
are images with changes in camera an-
imation and the columns show the im-
ages with changes in light animation.
We can generate movies with camera
animation for different light positions
(horizontal arrow), see the animation
of light from different points of view
(vertical arrow), or both animations
simultaneously (diagonal). We have
also the freedom to move along any di-
rection as, for example, following the
dotted blue arrow.

the grey arrows in the figure are the most com-
mon cases, the only restriction for navigating the
frames is to move only one step at a time in any
direction, so a movie that follows the path of the
dotted blue arrow, for example, is perfectly pos-
sible.

5 Results

To show the validity of our method we have
computed three animations enclosed with this
paper'. All of them are computed in a Pentium
IV PC with 1.8 Gh and 2 Gb of RAM. Two na-
tive rays per pixel are cast to find hits and five
obscurance rays are cast per hit. One ray per hit
is cast to find direct light. If the hit object is
specular (or has a partly specular BRDF) a path
is followed to find the reflected illumination in a
recursive way. The diffuse (direct and indirect)
illumination per hit is reused in the three previ-
ous and three subsequent frames for the camera
animation, what makes a total of seven frames
to reuse, this is, a maximum theoretical number
of samples (if the hit is seen by all eyes to reuse)

'The animations can be found at
http://ima.udg.es/~amendez/TIN2004/
gal_animcamlight.html



of 70 obscurances samples and 14 direct light
samples (per each light position) per pixel. The
resolution for all images is 400 x 300 pixels.

The first movie shows the compound anima-
tion of a camera and a point light in the cabin
of an aircraft. The camera animation by itself
would take eight seconds (this is, 196 frames)
and the light moves for 2 seconds (48 frames).
The final movie takes 10 seconds and we can
appreciate that in the first 2 seconds the camera
is fixed and the light is moving. The next 2 sec-
onds the camera moves and the light stays still.
The last 6 seconds both camera and light are an-
imated. Of course in this case we don’t use all
9216 (196 x 48) images generated , but it’s worth
having the freedom to generate any other movie
involving these two animations. Figure 5 shows
part of the possibilities we have. They took al-
most 18 hours to compute, an image every 7 sec-
onds. A single image of the aircraft model with-
out any reuse and only one light position, using
70 rays per pixel for obscurances computation
and 14 rays per pixel for direct light computa-
tion, takes 260 seconds, more or less, depending
on the camera position and the number of pixels
that show specular objects.

The second movie shows the animations of
the camera moving through a kitchen (12 sec-
onds, 288 frames) combined with an anima-
tion of a directional light coming from the win-
dows and changing its angle for two seconds (48
frames). Same as before, it shows only a part of
the possible combinations for all 13824 images
generated (288 x 48, that took almost 32 hours to
compute, an image every 8.2 seconds). Note the
changes in the average ambient color and inten-
sity. A single image of the kitchen model with-
out any reuse and only one light position, using
70 rays per pixel for the obscurances computa-
tion and 14 rays per pixel for direct light com-
putation, takes around 320 seconds.

The third movie is an animation of a camera
traveling over the stairs of a theater (6 seconds,
144 frames) combined with an animation (2 sec-
onds, 48 frames) of the angle of a directional
light from the seven windows. It also shows the
changes in ambient intensity. All 6912 images
(144 x 48) took a bit more than 14.5 hours, 7.6
seconds per image. A single image of the stairs
model without any reuse and only one light posi-
tion, using 70 rays per pixel for the obscurances

computation and 14 rays per pixel for direct light
computation, takes around 230 seconds.

6 Conclusions

In this paper we have seen an algorithm that
combines two previous transversal techniques
that reuse information between frames in an an-
imation. On the one hand, the camera anima-
tion reuses the diffuse illumination of a hit be-
tween neighbor frames by reprojection, and on
the other hand, using the obscurances technique
to simulate global illumination direct and indi-
rect illumination can be decoupled, and the ani-
mation of light can be computed reusing the in-
direct lighting information. Besides the advan-
tage of joining both techniques, our algorithm is
capable to generate images for all combinations
of both animations, giving freedom to generate
different movies from the same set of images.
Considering the time of computation per image,
the acceleration obtained with our algorithm is
lineal with the number of light positions, with
a multiplicative constant which depends on the
relative cost of indirect and specular lighting. In
our experiments with several scenes and 48 light
positions the speed-up was between 35 and 40
relative to computing every frame from scratch.
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Figure 5: Here we see a few frames of the animation of the aircraft model. The arrows show a few of
the multiple possibilities we have to generate different movies with our set of images.



