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We Hallucinate 3D Information Due to Our Knowledge

Sourced from https://www.sohu.com/a/342144906_658940
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We Live in a 3D World

The development of embodied cognition: Six lessons from babies. Artificial Life, 11(1-2), 2005

Through embodied experiences, we humans excel in understanding 3D 
spatial relations, as well as interacting with the world with 2D vision.

2D-to-3D Imagination Spatial Sensing Multi-view Consistency

Mimicing this paradigm, how to develop 3D-aware 2D models?



What is 3D data?

What type of 3D-awareness is desirable?

What problem can 3D-awareness solve?
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3D Data Types

Point Cloud: 𝑁 × 3

Raw Data
(From Camera / Stereo / Laser…)

3D Data Representations

RGBD Img

Multi-View Imgs Video

Voxels: D×H×W

SDF: 𝑓: 𝑥, 𝑦, 𝑧 → ℝ NeRF: 𝑓: 𝑥, 𝑦, 𝑧, 𝑑 → 𝑐, 𝜎

Mesh: 
(Vertices, Edges, Faces)
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3D Awareness in 2D Representation Learning
Raw Data

(From Camera / Stereo / Laser…)
3D Data Representations

SDF: 𝑓: 𝑥, 𝑦, 𝑧 → ℝ NeRF: 𝑓: 𝑥, 𝑦, 𝑧, 𝑑 → 𝑐, 𝜎Multi-View Imgs Video

Mesh: 
(Vertices, Edges, Faces)Point Cloud: 𝑁 × 3 RGBD Img

Voxels: D×H×W



• 3D-aware image models: Know better about the “Real 3D World” and the “Camera Pose”.

• 3D-aware video models: Know better about the “Motion”, and “Physics”
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What Problems Can 3D-Awareness Solve?

Imagination/3D from single-view 
(CAT3D, NeurIPS23 oral, 
DepthAnything, CVPR24)

Multi-view consistency
(Lift3D, CVPR24,

CONDENSE, ECCV24 oral)

Better video understanding 
(SpatialTracker, CVPR24 Highlight)

Better camera & content movement control 
(3DTrajMaster, arxiv24)



RGBD Img

DepthAnything, CVPR24
DepthAnythingv2, NeurIPS24

Metric3D, ICCV2023
Metric3Dv2, T-PAMI24

Recent Advances in 3D-Aware 2D Models 
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Multi-View Imgs

FiT3D, ECCV24
ConDense, ECCV24 oral
3DCorrEnhance, arxiv24
CAT3D, NeurIPS24 oral

Video

See3D, arxiv24
CAT4D, arxiv24

Text

SpatialVLM, CVPR24
SpatialRGPT, NeurIPS24



RGBD Img

DepthAnything, CVPR24
DepthAnythingv2, NeurIPS24

Metric3D, ICCV2023
Metric3Dv2, T-PAMI24
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Multi-View Imgs

FiT3D, ECCV24
ConDense, ECCV24 oral
3DCorrEnhance, arxiv24
CAT3D, NeurIPS24 oral

Video

See3D, arxiv24
CAT4D, arxiv24

Text

SpatialVLM, CVPR24
SpatialRGPT, NeurIPS24

Recent Advances in 3D-Aware 2D Models 
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SpatialVLM: Endowing V-LLM with Spatial Reasoning

SpatialVLM: Endowing Vision-Language Models with Spatial Reasoning Capabilities, CVPR2024
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SpatialVLM: Endowing V-LLM with Spatial Reasoning

SpatialVLM: Endowing Vision-Language Models with Spatial Reasoning Capabilities, CVPR2024

• 2B template-based spatial VQA on 10M indoor imgs
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SpatialVLM: Endowing V-LLM with Spatial Reasoning

SpatialVLM: Endowing Vision-Language Models with Spatial Reasoning Capabilities, CVPR2024

• Accuracy of VLMs on binary predicate prediction tasks (Qualitative)

• Accuracy of VLMs on quantitative questions about spatial relationship (Quantitative)



RGBD Img

DepthAnything, CVPR24
DepthAnythingv2, NeurIPS24

Metric3D, ICCV2023
Metric3Dv2, T-PAMI24
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Multi-View Imgs

FiT3D, ECCV24
ConDense, ECCV24 oral
3DCorrEnhance, arxiv24
CAT3D, NeurIPS24 oral

Video

See3D, arxiv24
CAT4D, arxiv24

Text

SpatialVLM, CVPR24
SpatialRGPT, NeurIPS24

Recent Advances in 3D-Aware 2D Models 
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DepthAnything: the Power of Large-Scale Unlabeled Data 

Depth Anything: Unleashing the Power of Large-Scale Unlabeled Data, CVPR2024

fewer

more

• Labeled image: (1) train a teacher model; (2) basic ability for encoder
• Unlabeled image: (1) providing semantic perception for encoder; (2) Distilling 

knowledge from DINOv2

DINOv2



15 By Boshen Xu

DepthAnything: the Power of Large-Scale Unlabeled Data 

Depth Anything: Unleashing the Power of Large-Scale Unlabeled Data, CVPR2024
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Some State-of-the-art Depth Estimation Demo

DEPTH PRO: SHARP MONOCULAR METRIC DEPTH IN LESS THAN A SECOND, ICLR25 in submission



RGBD Img

DepthAnything, CVPR24
DepthAnythingv2, NeurIPS24

Metric3D, ICCV2023
Metric3Dv2, T-PAMI24
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Multi-View Imgs

FiT3D, ECCV24
ConDense, ECCV24 oral
3DCorrEnhance, arxiv24
CAT3D, NeurIPS24 oral

Video

See3D, arxiv24
CAT4D, arxiv24

Text

SpatialVLM, CVPR24
SpatialRGPT, NeurIPS24

Recent Advances in 3D-Aware 2D Models 
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Probe3D: 3D Perception Evaluation of Foundation Models

Probing the 3D Awareness of Visual Foundation Models, CVPR2024

• Single-view (depth & surface normal) • Multi-view (consistency)

Object

Scene

encoder

SV Evaluation: Probing

decoder

multi-scale
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Probe3D: 3D Perception Evaluation of Foundation Models

Probing the 3D Awareness of Visual Foundation Models, CVPR2024

ViT baseline

How to develop 3D-awareness for 2D foundation models?
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FiT3D: Finetuning DINOv2 by Multi-View Images

Improving 2D Feature Representations by 3D-Aware Fine-Tuning, ECCV2024

More efficient & effective
• Model: DINOv2-small
• Training: ScanNet++, 230 scenes 

w/ 140K multi-view images
• Time Cost: full-finetuning 8.5h on 

one A100
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FiT3D: Generalization on Segmentation & Depth Estimation

Improving 2D Feature Representations by 3D-Aware Fine-Tuning, ECCV2024

• Indoor scene-level semantic segmentation

• (OOD dataset) semantic segmentation

• Other foundation models also benefits



RGBD Img

DepthAnything, CVPR24
DepthAnythingv2, NeurIPS24

Metric3D, ICCV2023
Metric3Dv2, T-PAMI24
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Multi-View Imgs

FiT3D, ECCV24
ConDense, ECCV24 oral
3DCorrEnhance, arxiv24
CAT3D, NeurIPS24 oral

Video

See3D, arxiv24
CAT4D, arxiv24

Text

SpatialVLM, CVPR24
SpatialRGPT, NeurIPS24

Recent Advances in 3D-Aware 2D Models 
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Other Efforts To Develop 3D-Aware Model
Perception Models Generative Models Robotics

FiT3D, ECCV24; CAT4D, arxiv24; CLAY, SIGGRAPH24; SUGAR, CVPR24; F3RM, CoRL23

3D Native Generation

2D-to-3D Generation

3D Pretraining

3D Reconstruction 3D Reconstruction

2D Perceptions



• Ways to Express 3D data & Learn 3D-Awareness
• Text: simple, but inefficient, low-performance. 

• RGBD: surface representation, developed as useful foundation models

• Multi-View: providing sufficient information to the whole 3D scene

• Video: natural, easy to scale up

• Potential Impact
• Image Models: Know better about the “Real 3D World” and the “Camera Pose”

• video models: Know better about the “Motion” and “Physics”

• Robotics: Know better about the “Real 3D World”, develop “Embodied Intelligence”

24 By Boshen Xu

Summary of 3D-Awareness

Towards Learning the Better Real World
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Increasing Attention on 3D Vision
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