


Setting
Dynamic 4D Reconstruction from Video

Input:  A monocular RGB video

Output:
1. Video depth
2. 3D point trajectories
3. Dynamic point clouds
4. Camera Intrinsics
5. Camera extrinsics

Main Challenges:
Recover both scene geometry and temporal 

motion while disentangling object motion from camera 
motion. 

Goal:
Build a unified feedforward model for both static 

and dynamic 4D reconstruction. 



Motivation
Limitation of Existing methods 
1. Reconstruction methods often assume a static scene.
2. Dynamic objects cause duplicated or missing geometry.
3. Optimization-based methods require expensive test-time refinement.
4. Feedforward methods usually use separate decoders for depth, pose, and point maps.
5. Tracking methods often rely on iterative refinement or only reconstruct sparse trajectories.

VGGT pipeline



Core Idea
From Dense Decoding to On-Demand Querying

Instead of predicting all outputs with task-specific dense decoders, D4RT asks:

Where is a source pixel located in 3D at a target time, expressed in a selected 
camera coordinate system?

Query-based reconstruction:

q = ( u, v, t_src, t_tgt, t_cam ) P = D(q, F) ∈ R³



Core Idea
Multi-task with the query interface



Methods

ViT-based encoder: 
Scene Representation Feature

Overall Encoder-decoder Structure

Point-wise decoder: 
Cross-attn based decoder
Each query is decoded independently



Methods
Query-formulation

(u,v): normalized pixel coordinates in the source frame
t_src: source time defining the physical point
t_tgt: target time defining the point state
t_cam: camera frame defining the output coordinate system

q = ( u, v, t_src, t_tgt, t_cam )

Which physical point?

At what time?
In which coordinate system?

Query-Embedding

e_q = e_uv + e_src + e_tgt + e_cam + e_patch
e_uv: Fourier feature embedding of (u,v)
e_src: Learnable discrete embedding
e_tgt: Learnable discrete embedding
e_cam: Learnable discrete embedding
e_patch: Embedding encoded with 9x9 pixel patch by MLP(maybe)



Methods
Point-wise Decoder

P_3d: target 3D point
P_2d: target 2D point
n: local surface normal
d: 3D point motion
v: whether the point is visible
c: prediction confidence

(P_3d, P_2d, n, d, v, c) = CrossAttn(q, F)



Methods
Training Objective

Query sampling
Only sample 2048 queries each clip with 48 frames



Experiments



Experiments
4D reconstruction and tracking



Experiments
Video depth and point cloud estimation

Camera pose estimation



Experiments
Ablation-local rgb patch Ablation-Auxiliary loss


