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Background

Super Resolution for Real-time Rendering
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Super Resolution

e ill-posed
 poor information input =rich information output

12 - 15 December 2023 & ASIA SIGGRAPH.ORG/2023 e Sydney, Australia Spensored by 0 (; Organized by | ‘:
a *+** koelnmesse



@ ASIA 2023

SYDNEY

Solution

poor information input ﬁ rich information output

poor information input =rich information output
AUl
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Input Information Utilization Efficiency

* [nterpolation

 Self-similarity

» Heuristics: sharpen, back-projection, edge-detection
* Neural network
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Anti aliasing

* Under sampling

« Reconstruction w/o adding
sampling frequency
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Anti aliasing

« MSAA : adding sampling frequency selectively
 FXAA : edge-detection
* TAA . temporal additional information
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Previous work

Framei
(Current)

Skip connection Features of each previous frame

Fea Zero Reconstructed Frame i
Extraction Upsampling iCurrenT)
Zero ~
Upsampling

Color-D of each frame

RGB-D of all frames
Weight
multiply

Reconstruction

Frame i-2 Feature extraction network Feature reweighting network

Fog 7 Accumulative
. ero. Backward
Extraction Upsampling Warping
Accumulative
Feature Zero Backward
Extraction Upsampling Warping
7 Accumulative
€ro Backward
Upsampling Warping

Skip connection (concat)

Skip connection (concat)

Frame i-3

Feature Reweighting

Reconstruction network

NSRR [SIGGRAPH’20]
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LR image

Auxiliary Features
G-Buffers
Historical Frames

HR image
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Neural Supersampling for Real-time Rendering

LEI XIAO, SALAH NOURI, MATT CHAPMAN, ALEXANDER FIX, DOUGLAS LANMAN, and ANTON ¢ PreViOUS MethOd UtiliZing h |St0r|Ca|
KAPLANYAN, Facebook Reality Labs ‘e
frames as auxiliary features

® Insufficient information
® Struggles in dynamic scenes

 Ours: Utilizing HR G-buffers as
auxiliary features
© High-frequency details

Reference

© Easy and fast to acquire
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Method

Real-time Super-resolution Network
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e Input: LR image I*® with auxiliary features

» Output: Upsampled HR image 7R

* Auxiliary features:
LR G-buffer GL¥

LR historical frames ["story

« HR G-buffer G#® (we introduce)

[HR — SR(ILR GLR [history GHR)
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« BRDF demodulation

Image BRDF Irradiance

* Multi-resolution fusion network (H-Net)

-u -

HR Fused in channels

]
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* Motivation:
» Rendering equation: L,(w,) = J, f-(w; w,)L;(w;) cos 6; dw;
 Diffuse material f,-(w;, ®W,) = fapedo
* Demodulation: L,(w,) = faweao J, Li(w;) cos O; dw;

 Limitation: for difftuse material only. Unphysical-based for
glossy material.
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» Filter out high-frequency texture and material details e

» Zhuang et al.'s Demodulation:
» BRDF term Fg(w,) = [, fr(w;, w,) cos6; dw;

Lo(wyp)

« Demodulated irradiance term Ly (w,) =

Fﬁ(wo)

SVGF  Ours+tSVGF ReLAX

[ L7 1 77
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» High-frequency texture and material details are baked in F[;'””

 Demodulated irradiance term L, becomes much smoother
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Image BRDF Fg
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* High-frequency texture and material details are baked in FB

 Demodulated irradiance term L, becomes much smoother

* Hghequency teure and materaldetlsar baked n Fy

+ Demodulated imadiance fem L, becomes much smoother

Image BRDF Fg Irradiance Lp
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* BRDF term Fz can be pre-computed

 Demodulated irradiance term L, to be predicted by network &

ZgR — (I)(LLR, GLR,Ihistory, GHR),iHR — F'BHR 0 legR

» Estimate smoother L!F instead of IR by network
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* Network inputs
LR inputs; [LR GLR [history
e HR input: G7R

» Challenge: Inputs contain multi-resolution features
* How to efficiently and effectively fuse them within our network??

* Nalve solutions
« Upsampling: slow network ®
» Pooling: lossy, damage details ®
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 Our solution: pixel-shuffling operation
« Unshuffle: [C,H «r,W 1] - [C 12, H,W] \
 Shuffle: [C x4, H,W] - [C,H x1,W * 7]

« Converting between pixel-wise spatial information and channel-wise
deep information without information loss

-

HR Fused in channels

[}
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* Our design: H-Net

1. Pixel-unshuffle G*% into LR space and concatenate with other LR inputs
2. Concatenated feature processed by fusion network F at LR level

3. Pixel-shuffle the output of F into HR space as the HR output L2

LR Input

~

@ |:> |:> Fusion Network |::> ,

L@ @L

Pixel Unq}lutﬂmg Pixel Shuffling
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* Our design: H-Net o
1. Pixel-unshuffle "% into LR space and concatenate with other LR inputs

h

2. Concatenated feature processed by fusion network F at LR level

3. Pixel-shuffle the output of F into HR space as the HR output L2

« Pixel-unshuffling G*® can also aggregate neighboring pixels in G to
obtain a compact implicit representation

« Outperforming upsampling strategy
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Crrnt Inpu
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H-Net (Sec.3.2)

Residual

Residual
Residual

Fusion Network F

Skip Connection
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’

Sydney, Australia

© 3x3 Conv. layer ﬂ ﬁg ﬂ |

Residual Block
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'
Sponsored by 6 ﬁ, Organized by a

*** koelnmesse

HR Result 1R

Attention Network




SIGGRAPH
ASIA 2023

SYDNEY

7

Experiments

High-fidelity Super-resolution Results
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* Two versions of implementation

* FuseSR: Full network implementation with optimal quality
* FuseSR \
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4 well-designed scenes from Unreal Engine
« 2 from UE4 and 2 from UES
« 4K (3840x2160) resolution

« Customized shaders to generate pre-computed BRDF and
other G-buffers
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4 well-designed scenes from Unreal Engine
« 2 from UE4 and 2 from UES5, 4K resolution

Kite scene
from UE4

aﬁv, R o i isemeni S\ SR DR / ﬂ?'ﬁ‘» ?*A:E‘“"i:q' '::, by ) 3 2 : { f’ﬁ@‘ A
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4 well-designed scenes from Unreal Engine
« 2 from UE4 and 2 from UES, 4K resolutlon

Sewelprs
Showdown

scene from UE4
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» 4 well-designed scenes from Unreal Engine
« 2 from UE4 and 2 from UES5, 4K resolution

Slay scene
from UE5

——————
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4 well-designed scenes from Unreal Engine

L L
| RUARRRRRRTE

City scene
from UE5
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* PSNR and SSIM in 4 scenes

* “Ours” outperforms baselines with a large margin
* “Ours

Ours Ours# NSRR MNSS LIIF FSR XeSS I Ours-8x NSRR-8x MNSS-8x
Kite 32.33 31.22 27.74 28.00 2647 @ 29.12 28.30 30.21 25.00 25.72
Showdown 36.32 31.42 30.27 29.17 @ 3033 26.29 29.31 33.61 29.17 25.62
Slay 37.02 34.41 3542 @ 3539 31.12 32.39 34.94 34.26 32.12 33.47
City 28.94 28.66 27.65 @ 28.23 26,56 26.63 27.15 27.20 25.95 26.46

Kite 0933 0900 0.832 0.829 0.817 0.887 | 0.893 0.899 0.765 0.770
Showdown 0.976 0949 | 0.945 0914 0942 0.866 0.917 0.955 0.914 0.813
Slay 0972 0958 | 0.962 0963 ' 0.962 0.928 0.944 0.957 0.939 0.943
City 0921  0.901 0.899  0.896 0.874 0.836 0.888 0.916 0.873 0.873
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* FuseSR is the first to succeed in 8x8 super-resolution
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* Our method has better performance in general
« Especially in high-resolution settings (like 4K)
« Our experiment validates the low cost of HR G-buffer generation
720p 1080p 2K 4K

HR G-buffer 0.83 0.93 1.97 2.35
Ours 6.21 38.44  15.09 33.93

Ours-8x 6.20 7.57 8.79 16.20
Ours # 2.66 2.88 3.96 7.82
NSRR 13.53  26.29 64.02 149.20
MNSS 2.26 3.57 5.52 11.29
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* Our method has better performance in general
« Especially in high-resolution settings (like 4K)
« Our method has best trade-off between performance and quality

runtime (ms
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* Our method can indeed accelerate the rendering process
* Rendering LR image & HR G-buffer + Ours >>Faster>> Rendering HR image

m
£
]
£
=
s
o

Oursf4x Ours 8x Ours 4x Native Native  NSRR 4x  Native
w/o AA w FXAA w 16spp
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Discussion

Design Comparison and Further Understanding
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Frame i
(Current)
J

H-Net (Sec.3.2)

Reconstructed Frame i
(Current)

Residual
Block
Residual
Block

Block
Block
Residual
Block
Block

Fusion Network F

Skip Connection

© 3x3 Conwv. layer
® Pixel-wise mul. @
@ Pixel-wise add.

Residual Block

F;"R
S IIE
4 454 iz 24 24_ 32 h&éé

32
2

HR Result /7R

Reconstruction

Accumulative
Backward
Warping
Current Input
Accumulative
Backward
Warping

o)
£
=
k)
[
B
[0}
[24
[}
2
2
o
o}
w

Accumulative
Backward
Warping

Encoder E

1 Attention Network
. Historical Inputs Encoder Module (Sec.4.1) /

Early Upsamping Late Upsamping

[ ]
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Resolution and Inference Time

* CNN infer time highly related to
feature resolution.

W
o
o

—s— Residual Group
—»— DWSV2 Group
—»— UNet

» Late upsampling have advantages
In speed.

w
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480P 720P 1080P 2K
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High utilization rate of input information

LR Input

~

(e) Reweighti

Pixel Unshuffling Pixel Shuffling

{b) Current frame i ' {f) Reweighted

Temporal warping with zero-upsampling H-Net
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Resolution

Neural Shading« LR Render Result » Neural AA

HR G-Buffers
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