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Background and Motivation
I. Point Cloud Rendering is conducive to 3D visualization, navigation, and 

augmented reality;

II. Graphics-base rendering only generates image with holes;

III. Neural Radiance Fields (NeRF) can synthesis photo-realistic images thus our 
method combines point cloud with NeRF;

IV. Advantages of combining Point Cloud with NeRF, i.e., Point2Pix:
• Multi-scale NeRF to overcome hole artifacts
• Efficient Point Sampling for NeRF
• Generalization for Point Cloud Feature Extraction
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Novel 3D Representation: Neural Radiance Fields (NeRF) [1] 



Neural Radiance Fields (NeRF)

Main Idea: Query all points’ 𝑅𝐺𝐵𝜎 from an MLP for volume rendering

Efficient Neural Radiance Fields

(𝑥, 𝑦, 𝑧)

(𝜃, 𝜙)
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Our Approach
I. Point-guided Sampling

We treat the queried point 𝑥! as a valid sample then obtain the point feature, when it satisfied the following equation:
𝑝! − 𝑥! ≤ 𝑟

II. Multi-scale Radiance Fields
We extract 3D point feature from multiple scales and render to 2D Feature Maps:

𝜎! , 𝑓! = Φ 𝐹! = Φ!(𝐹[𝑥!])
𝑓 = ∑𝑤! ⋅ 𝑓!

𝑤! = exp(−∑𝜎!𝛿!)(1 − exp(−𝜎!𝛿!))

III. Fusion Decoding
We fuse multiple 2D feature maps to decode image

𝛾, 𝛽 = 𝐶𝑜𝑛𝑣2𝐷 𝑓
𝐹 ↤ 𝛾 ⋅ 𝐿𝑎𝑦𝑒𝑟𝑁𝑜𝑟𝑚 𝐹 + 𝛽

IV. Loss Function
ℓ = 𝝀𝒑𝒄ℓ𝒑𝒄 + 𝝀𝒏𝒓ℓ𝒏𝒓 + 𝝀𝒑𝒆𝒓ℓ𝒑𝒓
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Our Approach: Overview
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Our Approach
II. Multi-scale Radiance Fields

We extract 3D point feature from multiple scales and render to 2D Feature Maps:
𝜎! , 𝑓! = Φ 𝐹! = Φ!(𝐹[𝑥!])
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Our Approach
III. Fusion Decoding

We fuse multiple 2D feature maps to decode image
𝛾, 𝛽 = 𝐶𝑜𝑛𝑣2𝐷 𝑓

𝐹 ↤ 𝛾 ⋅ 𝐿𝑎𝑦𝑒𝑟𝑁𝑜𝑟𝑚 𝐹 + 𝛽!! !" !# !$
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Our Approach
IV. Loss Function

ℓ = 𝝀𝒑𝒄ℓ𝒑𝒄 + 𝝀𝒏𝒓ℓ𝒏𝒓 + 𝝀𝒑𝒆𝒓ℓ𝒑𝒓

Point Cloud Loss: Point Cloud provides ground-truth density and color

ℓ𝒑𝒄 = J
𝒌(𝟏

𝑲

K𝒄𝒌 − 𝒄𝒌 𝟐
𝟐 +

𝟏
𝑫
𝒎𝒂𝒙(𝟎,𝑫 − 𝝈𝒌)

Neural Rendering Loss: Image Reconstruction Loss

ℓ𝒏𝒓 = T𝑰 − 𝑰 𝟐
𝟐

Neural Rendering Loss: Image Reconstruction Loss

ℓ𝒑𝒆𝒓 = 𝝓𝒍(T𝑰) − 𝝓(𝑰) 𝟐
𝟐
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Experiments
I. Quantitively Comparison on ScanNet and ArkitScene dataset



Point2Pix

HU, Tao (CUHK-CSE)

Visualization
I. Qualitative Comparison on ScanNet and ArkitScene dataset
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Visualization
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Visualization
I. Qualitative Comparison on Point Cloud Inpainting and Upsampling

Raw Point Ploud Point2Pix (Ours)

Point 
Inpainting

Point 
Upsamping



Thank you!

Point2Pix: Photo-Realistic Point Cloud 
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