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Quick Preview - Research problem & Motivation

• Task: Feedforward 3D reconstruction: given unposed, uncalibrated images, predicts global point maps.
• Challenge: Existing methods need massive posed video; limited diversity/scale hurts robustness/generalization.
• Solution (Puzzles): Plug-and-play augmentation that makes ordered, overlapping, video-like sub-clips from images/clips, 

boosting diversity without changing the model.



Quick Preview



Method – Image-to-Clips

Puzzles: Image-to-Clips. (A) Starting from a single RGB-D image, we (B) partition it into ordered, 
overlapping patches, (C) simulate diverse viewpoints by calibrating virtual camera poses, and (D) 
generate augmented, posed images with aligned depth maps for use in 3D reconstruction.



Method – Clips-to-Clips

Puzzles: Clips- to- Clips. (A) We begin by uniformly sampling frames from a video. (B) A pair-wise overlap matrix is 
computed to measure frame redundancy, with overlap visualized in purple and overlap ratios annotated in red. (C) Low-
redundancy keyframes are then selected, and diverse sub-clips are synthesized from them using the Image-to-Clips 
method.



Method – Clips-to-Clips Example

A. Valid frames selection   # Keep frames whose max 

overlap with any other frame ≥ threshold η → candidates: 

F1–F5.  

B. Retain the longest set    # From valid frames, choose 

the largest mutually-overlapping group → pick F3–F5.

C. Prune redundancy # Remove frames highly 

redundant (overlap ≥ ρ =0.01) → final keys: F3–F5.



Examples – Image-to-Clips



Examples – Image-to-Clips



Examples – Clips-to-Clips



Results

Quantitative comparison on 7Scenes, NRGBD and DTU. Value & relative improvement (Δ) after using Puzzles.



Visual Comparison



Puzzles: Unbounded Video-Depth Augmentation for Scalable 
End-to-End 3D Reconstruction

Project page: https://jiahao-ma.github.io/puzzles/
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