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Introduction

Motivation:
1) Diffusion models excel in 2D text-to-image generation and 2D representation 
learning.
2) Extending them to 3D self-supervised learning is limited by small 3D datasets.
3) Large-scale text-to-image models, like Stable Diffusion (SD), may enhance 3D 
representation learning.

Our approach propose PointSD, leveraging SD for 3D self-supervised learning.



Method

⚫ Framework

Stage I: 3D encoder extracts features to guide denoising, forming a point-to-image diffusion framework.
Stage II: Feature alignment is performed between 3D features and SD features to boost 3D representation 
learning.



Method

⚫ Stage I: Text-to-image ⇒ Point-to-image - Replace the text encoder with a 3D encoder and 
train a point-to-image diffusion model based on 
Stable Diffusion.

- Limitation: Image denoising inevitably captures 
low-level textures, which may distract the 3D 
backbone from high-level semantic features.

- Use cross-attention to let 3D features guide the 
denoising of images rendered from point clouds.



Method

⚫ Stage II: Point Cloud Learning via Feature 
Alignment

- Train a 3D backbone by aligning 3D object features 
with image features obtained from the pre-trained 
point-to-image framework in Stage I. 

- Advantage: This alignment can leverage the rich 
semantics encapsulated in the SD model, enhancing 
the 3D backbone’s ability to understand the object 
shapes and structures.



Method

⚫ Data Augmentation Point Cloud Mixing:
෨𝑃 = 𝑀⊙𝑃 + 1 −𝑀 ⊙𝑃′

- 𝑀 :binary mask for patch selection

Image Mixing:
෨𝑋 = 𝑋 ∪ 𝑋′

- Concatenate two images along width



Experiment

⚫ Object Classification ⚫ Few-shot learning



Experiment

⚫ Part Segmentation ⚫ Object Detection



Experiment

⚫ t-SNE visualization ⚫ Ablation study on pretrained models



Conclusion

⚫ Motivated by previous works, this paper studies how to harness the SD model 
to enhance point cloud self-supervised learning.

⚫ We develop PointSD, a framework that leverages existing SD models to assist 
point cloud pre-training in two stages, where a point-to-image framework is 
built to extract features from SD, and then feature alignment is performed to 
encourage the 3D backbone to learn robust representations.
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