Temporally Adaptive Shading Reuse for Real-Time Rendering and
Virtual Reality
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abstract
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— Introduction

HEH A A 2 AIAH P checkerboard rendering [El Mansouri 2016], foveated rendering [Pat-
ney et al. 2016; Swafford et al. 2016], variable rate shading [Vaidyanathan et al. 2014], and motion-
adaptive shading [Yang et al. 2019].
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(a) Sponza by Crytek (b) Showdown VR by Epic Games (c) Soul City by Epic Games
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— RELATED WORK

F A Teles N2002) (1) W T SOV 7E B AR PR IR h I 55 . e, SUHE 23 W) 45 €47 15 [Baker
2016; Hilleslandf1Yang 2016; TatarinovflSathe 2018|445 [, H & CH TVRE F i b I [A] 2R
FE[Muellers A2018]. $RT, FrA7iX L8757 240 R so vl g fm ) EoRBEAR . M b, FRATHI 78R 1 ande
FERTARH) . AT REAE AN ] Y OR B R AR

Numerous image quality metrics try to model the human perception of images. Although the peak
signal-to-noise ratio (PSNR) provides an objective and easy to compute metric, it fails to capture human
perception. The popular structural similarity index measure (SSIM) [Wang et al. 2004], which has
been designed to more closely resemble perception, is still the prevalent image quality metric. Various
improvements, such as IW-SSIM [Wang and Li 2011], have been made to SSIM to enhance the predictions
of the metric. Other metrics, such as HDR-VDP-2 [Mantiuk et al. 2011], even try to model the visual
system to some extent. Swafford et al. [2016] build on HDR-VDP-2 to adapt the metric for the evaluation
of foveated rendering. Another approach is the combination of different metrics, such as VMAF, which
appears especially useful for video game content [Barman et al. 2018]. The novel FLIP [Andersson et
al. 2020] metric is derived from the manual method of comparing images by alternating between them
and provides an error map showing where differences would be perceived between the two images in
comparison. A major disadvantage of all of these metrics is that they only compare images, disregarding
any temporal artifacts, such as flickering. A few video quality metrics incorporate temporal aspects [den
Branden Lambrecht and Verscheure 1996; Pinson and Wolf 2004; Seshadrinathan and Bovik 2010; Watson
2001; Yang et al. 2007] but focus mostly on video compression-related artifacts such as frame dropping
and have not been evaluated for temporal artifacts appearing in rendered imagery. Therefore, conducting
a user study remains the gold standard method for the evaluation of perceptual quality, especially when

temporal effects have to be considered.

— PERCEPTION OF SHADING DIFFERENCES
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1 TEMPORAL COHERENCE FOR SHADING REUSE
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41 Temporal Coherence of Visibility
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4 2 Temporal Coherence of Shading
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4 3 Limits of Applying Temporal Coherence
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5 PREDICTING SHADING CHANGES
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51 Prediction with Fixed Upsampling Rates
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5 2 Prediction with Shading Gradients
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5 3 Spatial Filtering of Temporal Gradients
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75 TAS FRAMEWORK
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6 1 Temporally Adaptive Reprojection Caching
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6 2 Temporally Adaptive Shading Atlas
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