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Figure 1: (left) a sample scene with emissive surfaces (center) a sample scene with most irradiance
from the sky (right) The Sponza atrium with some emissive surfaces at the bottom

ABSTRACT

1

We present a novel rendering technique which allows real-time
to interactive rendering of global illumination for small to large
dynamic scenes on commodity hardware. This technique operates
entirely within graphics processors, simulates many optical phenomena, can be adjusted via grid coarseness to trade off frame rate
for reflection quality and is able to include GPU accelerated special
effects such as tessellation. We achieve real-time and interactive
performance on small and large scenes on a GeForce 970M GTX
video card.

Real-time global illumination for dynamic scenes has been an elusive goal ever since the publication of [Kajiya 1986]. With advancements in computer graphics and graphics hardware, many techniques have been implemented to tackle this challenge in realtime. [Kaplanyan and Dachsbacher 2010] was the first technique
to demonstrate feasibility of real-time global illumination on limited hardware (gaming consoles) with a small memory footprint.
[Crassin et al. 2011] was proposed as an alternative much closer
to path-tracing. However, it also appeared to have a huge memory
price tag (1024MB for the Sponza atrium). The technique proposed
in [McLaren and Yang 2015] reduced this memory consumption
by using viewer-centered cascades of size 32x32x32 (cached at distant cascades) and was explained in detail in [McLaren 2015]. Most
real-time voxel-based approaches for global illumination uniformly
cone trace against pre-illuminated (and often mipped) voxel data.
Our approach instead combines ideas from [Crassin et al. 2011]
and [McLaren 2015] to perform low sample-count Monte Carlo
path-tracing followed by denoising as a post-process.
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INTRODUCTION

OVERVIEW

We start off by voxelizing the entire scene every frame using [Crassin
and Green 2012] without the use of atomics. Stability is achieved
by using a compute shader to only re-voxelize dynamic segments
of a scene. The voxelized image encodes such information as refractive index, bi-directional roughness, albedo, emissivity, world
space normals, tangents and bitangents. A novel encoding scheme
is used to encode a tangent and bi-tangent into only eight bits
(given the packed normal in 24 bits). We avoid memory concerns
arising from this volume of information by avoiding directional
voxel information which would require six times the memory usage.
Thus, geometry has to be thick enough to avoid light leaks and
other issues.
Once the scene is voxelized, we perform a gather pass to render
the same information above into multiple screen-sized 2D floating
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point render targets. Subsequently, uni-directional path tracing begins as a post-process at one voxel above the surface. This elevation
is performed using world space face normals to avoid self occlusion. A 512x512 random texture covers the space skewed along the
z-axis to provide randomness everywhere in the scene for reflections and refractions. Fragments with higher roughness will trace
more samples per pixel – with a maximum of six – for most overall
roughness. Many laws of optics are observed: reflections happening inside the specular lobe respect bi-directional roughness in the
tangent or bitangent directions. Schlick’s approximation [Schlick
1994] decides the probabilities of rays reflecting or refracting, providing reflections at grazing angles. Normal maps are used liberally.
Primitive normals, tangents and bitangents are adjusted during the
tessellation process using the height map.
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second while Baikal averaged around 7.4 on a GeForce 970M GTX
at 1024x768. However, it must be noted that Baikal was also tracing
secondary rays towards the sun. This can be implemented using
shadow maps and direct lighting for our implementation with minimal impact on performance. Our speed gain can be attributed to
lack of intersection computations.
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LIMITATIONS

Perfectly smooth specular surfaces will show blocky reflections
since all intersections emanating from the gather buffer collide with
voxels. Some blockiness is also exhibited around object silhouettes
(most visible on glass) due to limited encoded surface information.
This can be reduced or eliminated using a contouring scheme similar
to what is described in [Laine and Karras 2011]. Further research is
required to combine this with rasterization-based voxelization in
an efficient manner.
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CONCLUSIONS AND FUTURE WORK

With renewed emphasis on increasing memory bandwidth for recent video cards, sampling-heavy techniques such as this should
become more popular and performant. Future improvements include bi-directional path tracing to reduce the number of samples
required for good convergence, using signed distance fields for
faster ray traversal and employing temporally stable denoisers such
as [Schied et al. 2017] or [Mara et al. 2017].
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