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1. Classic Graphics Pipeline



Connecting human, machine, and physics
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Fusing Knowledge and Data

Neural Rendering
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The Graphics Pipeline

Modelling



The Graphics Pipeline
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The Graphics Pipeline with Al
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New Wave




Graphics Pipeline Beyond Triangles

Point cloud Mesh Voxel Signed distance function (SDF) Neural Radiance Field

{pl, P2, ,pN} Vertices + Faces Vix,v,z] € [0,1] plfip}=0 Network-based Field

Unordered set of points




\ieconstructioa

LRendering ] LComputing]




Eeconst Single-View (Mat.+Geo.+Light) [SIGGRAPH ASIA 22]
ruction Multi-View ( Mat.+Geo.+Light ) [CVPR 23]

Eenerai) Geometry + Light AIGC [ACM TOG 23]
Gesture AIGC [IJCAI 23]

Btera{) NeRF Editing [ICCV 23]
Shader Editing [SIGGRAPH 22]

Renderi Super Resolution [SIGGRAPH ASIA 23]
L ng Frame Prediction [SIGGRAPH ASIA 23]

Comput Object-Oriented Neural Rendering [ACM TOG 23]
L- Rendering for Al [Nature Communications 23]




‘ Reconstructioa

» Implicit Neural Representations
* NeRF - network-based radiance field, high image quality, low geometry quality
 SDF - network-based geometry field, lower image quality, higher geometry quality
» Plenoctree - spherical harmonics-based radiance field, no neural networks
 TensoRF — tensor-based radiance field, few artifacts
* Instant NGP - voxel-based radiance field, real-time speed
« Gaussian Splatting - point cloud-based radiance field, fastest till now
« Adaptive Shell - network-based shell field, high geometry and image quality

 Speed
« Offline - interactive - real-time - large scale
« Scalability

* Object level = scene level - city level 2 dynamics
« Components

« Appearance - geometry - materials = lighting - semantics
« Materials

» Diffuse - specular - all frequency




LGeneration ]

« Generate 3D Objects
« Pseudo 3D - conditional generation model
* Primitive to 3D - translate primitives to image
« 2D to 3D - leverage pretrained 2D large models
« 3D foundation - trained from 3D dataset
* Procedure generation - generate from template
« Scalability
» Object generation - scene generation
« Component
* Object = texture - geometry - lighting - physically-based generation
« Animation
* Rigid transformation - pose - key frames - deformable
* Modality
 Text 2> example - mask - multi-modal
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‘ Interaction )

Editing
« Mesh policy - control via a mesh policy
« Pixel level - project pixel to 3D
« Decomposition - shape and color
« Modality
« Text 2 mouse = mask - gesture - multi-modal
« Control
« Transformation - pose - rigging

Seal-3D: Interactive Pixel-Level Editing
for Neural Radiance Fields

* Physics
* Rigid = collision - deformable
« Speed

o Offline = Interactive = real-time




LRendering )

« Acceleration Real-Time Monte Carlo Denoising with
« Denoising - smooth path tracing Weight Sharing Kernel Prediction Network
« Super Resolution - increase render resolution
« Frame Prediction - extrapolate new frames Submission 101967

* Neural Rendering - implicit representation
« Caching - reuse lighting result
« |BL - lighting on image space

- Effect

- Diffuse - glossy = specular Resuit:
e Space

« Image - temporal > path - feature UE4 Scene
* Speed Kite Boy

« Offline = interactive - real-time
« Generality
- Effect 2 view - lighting = scene

4X4 upsampling
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Global Neural Rendering Pipeline
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Age of the Al PC & Mobile
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TOPs

The Growth

NVIDIA ADA LOVELACE
Giant Leap in Processing Throughput and Energy-Efficiency
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The Efficiency

Precision
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NPU

The Generality

GPU
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How to Render in Al Age
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How to Render in Al Age ?

Deep Learning
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How? Build a Pipeline with

Neural Representation

Shadow

Reflection

Bleeding




1st : Object-Oriented Pipeline (TOG23)
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The Object-Oriented Pipeline
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The Object-Oriented Pipeline
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The Object-Oriented Pipeline
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Compare Path Tracing

Ground truth AFGSA [Yu et al. 2021]




Dynamic Lighting & Material




Scene Pi

¥ Cotroller

Debug + win_left show gbuffer save ktrack

1.08 cam move speed
1.00 cam rotate speed
2,20 gamma

Current preview Result name: all change Result saveresult

Current fore index: ® change fore index

save lightbin Export scene

Aaverage frame time 51.504 ms (19.4 FPS)

Object List Count:24 Reset all

var_foreground_bed17[8]
var_foreground_sofai7[@]
var_foreground_table4[8]
attachments_win_light8_rooml9
attachments_win_lighti_roomi9
attachments_win_light2_roomi9
attachments_win_light3_roomi9

var_area_light_area_light_8

WA kYA LV BYE VA RV RV kVE &Y

var_area_light_area_light_1

Toggle objects




2"d : Light-Oriented Pipeline (S1G24)

Stagel: Light Encoding
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Pipeline Architecture
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Compare Path Tracing




34.9 FPS (28.7 ms/frame) 18.4 FPS (54.4 ms/frame)

¥ Variables

» Variables




| 40.7 FPS (24.5 ms/frame) |

[V Variables







LRendering ] Computing]




Pipeline
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