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Point Representations for Spatial Cognition

Background

DINOv2 is changing how we conduct research with images

Depth Anything
(Perception)

AnyDoor
(Generation)

PixelSplat
(Reconstruction)

Cambrian-1 
(Multimodal)

DINO Series
(Image SSL)

Now, if we processing images, we will definitely consider using it.
And it rarely disappoints us.



There are many tasks related to 3D space that we care
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3D Localization

3D Perception

3D Reconstruction

3D Planning & Interaction

Do we have one model can benefit 
all of them, efficient and effectively?

Background



Image processing with DINOs might be good, but …
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… × N

- It requires significant inference time to process 

a scene video with thousands of frames.

- It lacks geometric awareness, as it is not natively 

encoded in 3D space.

Background



We believe the point cloud is an ideal data structure for spatial cognition.
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LiDAR Scanner Laser Scanner

RGB-D Video SLAM System Existing Model Assets

Point cloud is everywhere and easy to acquire

Background



We believe the point cloud is an ideal data structure for spatial cognition.
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We can lift point clouds from “unlimited” dynamic videos

Dust3R, VGGT, Fast3R, Cut3R, Foundation Stereo …

Background



We believe the point cloud is an ideal data structure for spatial cognition.
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Or many modalities actually can be viewed as “point cloud” 

Molecular Structure (3D)Climate (2.5D)Image (2D)

High dimensional sparse data

Background



The 1st key issue: efficient, scalable encoding with sparse point clouds
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Point Transformer V3

2D Image
(dense data)

2D Point Cloud
(sparse data)

Dense

Hash

KNN



Space-Filling Curve
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Point Transformer V3

Z-Order

Hilbert Order



Serialization
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Point Transformer V3



Padding

Serialized Attention
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Point Transformer V3

(PC)

Re-order

Attention



Point Transformer V3: Simpler, Faster, Stronger
— CVPR 2024 Oral
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Point Transformer V3



We wish to build one point cloud model to shape people’s trust as DINOs
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Sonata

3D Planning & Interaction

3D Localization 3D Perception

3D Reconstruction

Sonata
(Point Cloud SSL)

It shows the potential to benefit all 3D tasks;



Distillation

Two key factors contribute to the powerful capabilities of representation

DINO Series
(Image SSL)

The magic of data:
      The foundation of the intelligence

142M High Quality Images

The magic of representation learning:
      An art of learning knowledge from “infinite” data
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Background



Two key factors lead to people’s trust to DINOv2

DINO Series
(Image SSL)
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Background

Zero-shot Visualization:
      See the representation with your own eye

Linear Probing
      True robustness benchmarked by linear probing



We never adopt the two metric to point representation learning before
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Background

Let's remove the fig leaf to see how previous models perform …

Linear Probing
      True robustness benchmarked by linear probing

Zero-shot Visualization:
      See the representation with your own eye



Every point cloud SSL research begin with imitate image SSL

Point Representations for Spatial Cognition

Sonata

Local-Global Alignment

Mask-Unmask Alignment

EMA

Online Clustering

Sinkhorn-Knopp centering

KoLeo regularizer



But this won't lead to strong point representations; collapse still exists!
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Sonata

PCA Visualization from Prototype of Sonata

A unique shortcut must exist specific to the 3D Point Cloud
The Geometric Shortcuts



Let’s understand it with a simple game.

Image A Image A’ Image B
shuffle

Image ??? Image ??? Image ???

shuffle

> Mask out all the feature

> Image A’ and Image A are same.

> Image B and Image A are different.

> Shuffle the order of three images.

> Can we distinguish which is A and A’?

> No, we can’t without any feature 

Image ??? Image ??? Image ???

> How about add some feature back?

> Yes, now we can!!

>> Image SSL have to relies on feature and 
impossible to collapse into geometry 
information (coordinate)

Why point cloud SSL easily collapse to geometric information
Sonata Boss of model design
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Point Cloud ??? Point Cloud ??? Point Cloud ???

Let’s understand it with a simple game.

Point Cloud A Point Cloud A’ Point Cloud B

> Mask out all the feature

> PC A’ and PC A are same.

> PC B and PC A are different.

> Shuffle the order of three images.

> Can we distinguish which is A and A’?

> Yes, we can. Easy!

Point Cloud A’ Point Cloud B Point Cloud A

> Do we really need other feature?

>> Point cloud SSL exist a shortcut that 
only rely on geometry information

> No, no need.

Why point cloud SSL easily collapse to geometric information
Sonata Boss of model design
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Why point cloud SSL easily collapse to geometric information
Sonata Boss of model design
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Sonata: Self-Supervised Learning of Reliable Point Representations 
— CVPR 2025 Highlight

Sonata
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One more thing: A richer feature space exists!
Sonata
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Concatenating features from DINOv2 and Sonata leads to improved linear probing performance
=> each modality captures complementary, rather than redundant, aspects of spatial information. 



Humans are able to retrieve such a rich multisensory representation
with just a single modal input.

Concerto
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How human learn such an informative representation?
— with multisensory synergy!

Concerto
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(e.g. Image) (e.g. Point Cloud)



Concerto: Joint 2D-3D Self-Supervised Learning Emerges Spatial Representations 
Concerto
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What are we fight for?
Conclusion
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Point Representations for 
Spatial Cognition

Building Strong



Building a great community for better and better point cloud representations
Conclusion
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Thank you!

We invited you to join our 
point cloud community!

Play with it, use it and trust it


