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Path Tracing

Happy if we can actually even afford n=1
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Main challenges

ABetter samplingY less noise

AReconstruction filters (Denoising)
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Stochastic Ray Tracimg. Path Tracing

ACurrent games: stochastic ray tracing

AStochastically sample individual effects (e.g. BRDF or area light)
ADirect illumination at bounces is usually neigge! (no need to denoise mirrors)

APath tracing stochastically samples everything

ALight selection
AArea lights
Alndirect Bounces

Aln this talk: general reconstruction filters for full path tracing in-tieaé
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No stochastic sampling of primary visibility
Y Nearby surfaces close in scresace
Y G-Buffer noisefree



Albedo demodulation

Path Tracer

AEssentially used by all of the reconstruction filters

AMu c h

AProblems:

AFresnel term

Demodulate

Albedo

easi er

AlLayered materials
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Combining Analytic Direct lllumination and Stochastic Shadows

Eric Heitz Stephen Hill Morgan McGuire
Unity Technologies Lucasfilm NVIDIA
Should be noiséree!
¥
unshadowed illumination illumination-weighted shadow our result offline reference
U = [ BRDF x Ligt v BEDF % Light < Visibilily UxW BRDF x Light x Visibility
J = '/) X Lig Nt = !“ BRDF = Ligh[ ;) X /‘) X g t X< Visibl l[)

analytic (real-time) stochastic denoised

ACan be thought of as better albedo demodulation

ACannot trivially be used with stochastic light selection
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Waveletbased reconstruction filters
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Edge-Avoiding A-Trous Wavelet Transform for fast Global
INlumination Filtering

AFast

Holger Dammertz, Daniel Sewtz, Johannes Hanika, Hendrik P.A. Lensch

Ulm Universi, Germany ASome artifacts
»>

ARequires parameter tweaking

Figure 1: Using our edge-avoiding A-Trous wavelet transform we filter highly noisy path traced images at interactive rates resulting
in smooth indirect illumination while retaining important detail like sharp shadows and hard edges. The images show the (noisy) input
into our algorithim and next to them the output we compute.

Abstract

We present a fast and simple filtering method designed for ray traced Monte Carlo global illumination images
which achieves real-time rates. Even on modern hardware only few samples can be traced for interactive appli-
cations, resulting in very noisy outputs. Taking advantage of the fact that Monte Carlo computes hemispherical
integrals that may be very similar for neighboring pixels we derive a fast edge-avoiding filtering method in screen
space using the A-Trous wavelet transform that operates on the full noisy image and produces a result that is close
to a solution with many more samples per pixel.
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Edge-Avoiding A-Trous Wavelet Transform for fast Global
INlumination Filtering

Holger Dammertz, Daniel Sewtz, Johannes Hanika, Hendrik P.A. Lensch

Ulm University, Germany

Figure 1: Using our edge-avoiding A-Trous wavelet transform we filter highly noisy path traced images at interactive rates resulting
in smooth indirect illumination while retaining important detail like sharp shadows and hard edges. The images show the (noisy) input
into our algorithim and next to them the output we compute.

Abstract

We present a fast and simple filtering method designed for ray traced Monte Carlo global illumination images
which achieves real-time rates. Even on modern hardware only few samples can be traced for interactive appli-
cations, resulting in very noisy outputs. Taking advantage of the fact that Monte Carlo computes hemispherical
integrals that may be very similar for neighboring pixels we derive a fast edge-avoiding filtering method in screen
space using the A-Trous wavelet transform that operates on the full noisy image and produces a result that is close
to a solution with many more samples per pixel.

AFast
ASome artifacts

ARequires parameter tweaking
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Edge-Avoiding A-Trous Wavelet Transform for fast Global
INlumination Filtering

Holger Dammertz, Daniel Sewtz, Johannes Hanika, Hendrik P.A. Lensch

Ulm University, Germany

Figure 1: Using our edge-avoiding A-Trous wavelet transform we filter highly noisy path traced images at interactive rates resulting

in smooth indirect illumination while retaining important detail like sharp shadows and hard edges. The images show the (noisy) input
into our algorithim and next to them the output we compute.

Abstract

We present a fast and simple filtering method designed for ray traced Monte Carlo global illumination images
which achieves real-time rates. Even on modern hardware only few samples can be traced for interactive appli-
cations, resulting in very noisy outputs. Taking advantage of the fact that Monte Carlo computes hemispherical
integrals that may be very similar for neighboring pixels we derive a fast edge-avoiding filtering method in screen
space using the A-Trous wavelet transform that operates on the full noisy image and produces a result that is close
to a solution with many more samples per pixel.
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AFast
ASome artifacts

ARequires parameter tweaking
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Edgestopping functions S o h(q) fw(p,q) !} é(q)
Ci+1(p) = qug h(q) - w(p,q)

Input No edgestopping RFBuffer + Normal + Position

[Dammertzet al. 2010]
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Builds on Edgavoiding Atrous Wavelets

Almproved geometric edgstopping functions
AAdapt automatically

AHierarchical noise estimation

Alntegrates temporal filtering
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Spatiotemporal Variance-Guided Filtering: Real-Time
Reconstruction for Path-Traced Global Illumination

Christoph Schied Anton Kaplanyan Chakravarty R. Alla Chaitanya
NVIDIA Chris Wyman NVIDIA
Karlsruhe Institute of Technology Anjul Patney L'm've@ty f:f-;\lumreal
NVIDIA McGill University
John Burgess Carsten Dachsbacher Aaron Lefohn
Shiqiu Liu Karlsruhe Institute of Technology Marco Salvi
NVIDIA NVIDIA
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Figure 1: Our filter takes (left) 1 sample per pixel path-traced input and (center) reconstructs a temporally stable 1920x 1080
image in just 10 ms. Compare to (right) a 2048 samples per pixel path-traced reference. Insets compare our input, our filtered
results, and a reference on two regions, and show the impact filtered global illumination has over just direct illumination.
Given the noisy input, notice the similarity to the reference for glossy reflections, global illumination, and direct soft shadows.

ABSTRACT

We introduce a reconstruction algorithm that generates a tempo-
rally stable sequence of images from one path-per-pixel global
illumination. To handle such noisy input, we use temporal accu-
mulation to increase the effective sample count and spatiotemporal
luminance variance estimates to drive a hierarchical, image-space
wavelet filter [Dammertz et al. 2010]. This hierarchy allows us to
distinguish between noise and detail at multiple scales using local
luminance variance.

Physically based light transport is a long-standing goal for real-
time computer graphics. While modern games use limited forms of
ray tracing, physically based Monte Carlo global illumination does
not meet their 30 Hz minimal performance requirement. Looking
ahead to fully dynamic real-time path tracing, we expect this to
only be feasible using a small number of paths per pixel. As such,
image reconstruction using low sample counts is key to bringing
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path tracing to real-time. When compared to prior interactive
reconstruction filters, our work gives approximately 10x more
temporally stable results, matches reference images 5-47% better
(according to SSIM), and runs in just 10ms (£ 15%) on modern
graphics hardware at 1920x 1080 resolution.

CCS CONCEPTS
«Computing methodologies —Ray tracing:

KEYWORDS

global illumination, reconstruction, real-time rendering
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Spatiotemporal Variane&uided Filter (SVGF)

Analyze input over time

A Temporally stable Y blur less
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Filter hierarchically, starting small

A Estimate temporal stability after each filter
iteration

Y Strong blur more likely in early iterations
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SVGF
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Temporal
Antialiasing
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Reference SVGF

Overblurringat high-frequency normal maps
and materials

[Schied et al. 2017]



One sample per pixel (input)



Temporal filtering
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Screenspace Reprojection

Current framen
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