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Figure 1: Our temporal caching method allows the reuse of irradiance and radiance records in multiple frames. When computing the global
illumination solution for the current frame (a), our method estimates where the lighting changes using simple observations. For each record
generated in current frame (shown as blue dots in (b)), our temporal weighting function estimates the future change of lighting and defines
the lifespan and temporal gradients of each record (c), green and red colors respectively long and short lifespans.

Introduction

Efficient computation of global illumination in complex animated
environments is one of the most important research challenges in
computer graphics. Achievements in this field have many appli-
cations, such as visual effects for computer-assisted movies and
video games. The irradiance caching algorithm is one of the of-
ten used algorithms for rendering high-quality image frames within
a reasonable time. This algorithm leverages the spatial coherence
of the indirect lighting to drastically reduce the computational cost
of global illumination. However, in dynamic scenes, this method
does not account for temporal coherence, hence getting computa-
tionally expensive and yielding disturbing flickering artifacts. In
our method, we take advantage of the temporal coherence of the
indirect lighting for efficient, GPU-accelerated global illumination
in dynamic scenes.

Temporal Radiance Caching

Our work is based on the irradiance and radiance (or (ir)radiance)
caching algorithms [Ward et al. 1988; Křivánek 2005]. These ap-
proaches rely on sparse sampling and interpolation of indirect in-
coming radiance. The incoming radiance is computed accurately
and stored at a number of points in the scene, called (ir)radiance
records. Then, the incoming radiances at points close to (ir)radiance
records are interpolated for fast rendering. The sampling and inter-
polation schemes adapt to the local change of the incoming radiance
to ensure high quality rendering. In dynamic scenes, the classical
approach consists in computing a new set of records for each frame.
However, this method is computationally expensive and commonly
yields flickering artifacts. Other methods such as [Smyk et al. 2005]
adapt to the temporal change of incoming radiance, but are often
highly memory demanding.
Whereas Ward et al. [1988] perform irradiance interpolation only
in the spatial domain, we propose a gradient-based (ir)radiance in-
terpolation scheme operating in both space and time. We first define
a temporal weighting function for adaptive reuse of records across
several frames. This function is based on an estimate of the future
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change of incoming radiance. The lifespan of each record is pro-
portional to the inverse of this change (Fig. 1(c)): the records in
zones with a strong change of indirect lighting (in red) have a short
lifespan, i.e. global illumination is recomputed frequently. If no
change is detected, the lifespan of the record is set to a user-defined
maximum value.
We propose temporal (ir)radiance gradients for smooth temporal in-
terpolation, yielding high quality, flicker-free animations. In our
approach, both the temporal weighting function and the tempo-
ral gradients rely on the estimated change of incoming radiance
in the course of time. This estimation is carried out using GPU-
accelerated reprojection. We also use hardware occlusion queries
to determine which records must be discarded or updated depend-
ing on their visibility.

Results and Conclusion

For the scene shown in Figure 1, our temporal interpolation algo-
rithm produces flicker-free rendering 6.5× faster than the classical
method in which a new cache is computed for each frame. In the
other examples shown in the accompanying video, our method also
removes the flickering artifacts and shows speedups up to 10×.
Future work will focus on designing a more accurate method for
evaluating the temporal weighting function of the illumination
record, which would avoid the need of a user-defined maximum
lifespan. We would also like to accelerate the process to obtain
real-time rendering of animated scenes with global illumination.
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