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Egocentric Videos: How Humans See the World

VR/AR

Ego4Robotics

Egocentric view

Transferable knowledge for manipulation

making salad

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025
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Literature of Ego-Visual-Text Pretraining

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

ModelData

Great Success in Downstream Tasks

EgoVLP, Lin et al.,  [NeurIPS2022]
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Literature of Ego-Visual-Text Pretraining

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

Video 
Encoder

Text 
Encoder

pick up a bag of cloth

Alignment

(a) Vanilla Video-Text Pretraining
(EgoVLP[NeurIPS22], 

EgoVLPv2[ICCV23], LaViLa[CVPR23])

Text 
Encoder

pick up a bag of cloth

(b) 2D Region-Aware Pretraining
(HelpingHands[ICCV23], 

HENASY[NeurIPS24])

AlignmentRegion

Video 
Encoder

Enhance performance with region-aware representations



5

Wait! The world is not a 2D Flat!
Let’s consider how humans perceive the 

3D world…
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We Hallucinate 3D Information by Our Knowledge

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025
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Humans Live in a 3D World

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

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
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But…VLPs Fall Short in 3D Perception

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

Current models are trained by text in advance of vision signals, strongly lacking in 
spatial perception ability.

img GT CLIP

Probe3D, Mohamed et al., CVPR2024

SPACE, Santhosh et al., ICLR2025
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How to develop 3D-aware 2D VLP?
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Towards 3D-Aware EgoVLP

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

Video 
Encoder

Text 
Encoder

pick up a bag of cloth

Alignment

(a) Vanilla Video-Text Pretraining
(EgoVLP[NeurIPS22], 

EgoVLPv2[ICCV23], LaViLa[CVPR23])

Text 
Encoder

pick up a bag of cloth

(b) 2D Region-Aware Pretraining
(HelpingHands[ICCV23], 

HENASY[NeurIPS24])

AlignmentRegion

Video 
Encoder

Let’s define 3D as Depth Maps, then
Pretrain video encoder with both depth and text

(c) 3D Depth-Aware Pretraining (Ours)
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Challenges for Developing 3D-aware EgoVLP

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

Data Scarcity for
Million-level (video, Depth, Text)

Massive Few

• Lack of paired (visual, depth) data

• Short text descriptions, may not 
contribute to spatial awareness

A person squeezes the lemonRaw Text

→Main Idea: Data generation 
via visual foundation models

Architecture for Joint Learning from 
Heterogeneous Supervision

Depth (Geometry, Relation)

A person squeezes the lemonText

• Dense pixel-level knowledge

• Sparse non-pixel-level knowledge

→Main Idea: Simplify the learning 
difficulty for depth estimation 
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EgoDTM: Egocentric Depth- and Text-Aware Model

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025
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Lightweight 3D-Aware Decoder Design

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

Target: 3D-aware representation v𝑍 for low-resolution depth estimation

• PlainFPN: got multi-scale features for better pixel-level prediction

• Depth-Aware Transformer Decoder & Mask Head & Bin Head: 

discretize depth prediction in previous SOTA fashion. 

• Extendable for multi-task learning such as segmentation and detection.
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Lightweight 3D-Aware Decoder Design

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

Target: 3D-aware representation v𝑍 for low-resolution depth estimation

• We got inspired from SimpleFPN [ECCV22, He et al.]. AdaBins

[CVPR21, Shariq et al.], Mask2Former [CVPR22, Cheng et al.]

• See our full paper for details and motivation 



15

Detect-Track-Generate Pipeline

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

Target: from original text to spatially-informed text
• Detect-Track: address the problem of Inconsistent 

HOI bounding boxes: 

• Generate: leverage LLM to inject spatial information 
into text
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Case of Our Robust Data Generation

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

• Small objects
• Noisy background
• Consistent HOI masks
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Generalization of the 3D-Aware Decoder

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025
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Evaluation Setups

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

◼Main Results

Short Video Understanding: video-text retrieval (Epic-Kitchens-100, EgoMCQ), action recognition 

(EGTEA, Epic-Kitchens-100-CLS)

Long Video Understanding: natural language query (EgoNLQ), moment query (EgoMQ)

3D-Aware Tasks: robot manipulation (Franka Kitchen), Depth estimation (H2O)

◼ Pretraining Datset

2M (Video, Text) data + 2M (Video, Enriched Text, Depth) data

◼ Evaluation Setting

Zero-shot: Directly apply evaluation after pretraining

Fine-tune: Fine-tune on downstream tasks
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Superior Performance on Short Video Understanding

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025
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Improvement of VLP’s 3D-Awareness

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

The egocentric video encoder functions as visual feature extractor, then process by task-specific methods.

Depth Estimation

Robot Manipulation
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Competitive on Long Video Understanding

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

Natural language query: free-form text query Moment query: action category query

The egocentric video encoder functions as visual feature extractor, then process by task-specific methods.
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Ablations on Major Components

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

• Generally improves over downstream benchmarks

• Text-depth joint learning strategy still have room to explore
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Conclusion

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

• We introduce EgoDTM, a 3D-aware egocentric video-language model learned from 

3D-aware video-language pretraining

• We develop a lightweight 3D-aware decoder for depth estimation and a data 

construction pipeline to enrich captions with spatial infor mation.

• Extensive experiments demonstrate that EgoDTM significantly enhances 

performance on video understanding tasks like video-text matching, and 3D 

understanding tasks like robot manipulation.
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Discussion

EgoDTM: Towards 3D-Aware Egocentric Video-Language Pretraining, NeurIPS 2025

• Broader Generalization: While EgoDTM demonstrates strong performance in 

egocentric hand-object interaction scenarios, its generalization to broader indoor 

scenarios remains limited. 

• 3D-Aware MLLM: Further exploration may include integrating 3D-aware visual 

encoders into multimodal large language models (MLLM) to enhance spatial 

awareness. 

• More 3D Geometry pretraining: Moreover, pretraining large-scale spatial-aware 

egocentric models with richer 3D signals such as camera parameters and point 

maps, as explored in VGGT, remains a promising yet challenging direction.
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