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Introduction

3D reconstruction from 2D images is a fundamental problem in computer vision
with applications in robotics, AR/VR, and spatial computing.

Recent Al-based methods challenge classical pipelines, but rigorous comparisons
under controlled conditions are limited.

This project benchmarks VGGT, Pi3, Depth Anything 3, and COLMAP on a custom
indoor scene dataset with stereo depth data as ground truth.

VGGT — transformer-based feed-forward 3D reconstruction

Pi3 — Al-based multi-view reconstruction

Depth Anything 3 — monocular depth estimation extended to 3D
COLMAP — classical SfM with multi-view stereo dense reconstruction
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Chamfer Distance

Metric Definitions:

Chamfer — Avg distance from point-to-point vs ground truth

Hausdorff
Distance Hausdorff — Max distance from point-to-point vs ground truth
Accuracy — How close predicted points are to ground truth
Completeness — How much of the scene was captured?
F-Score — Combined measure of Accuracy & Completeness
Completeness % Accuracy % Speed — Total reconstruction time
eams COLMAP == VGGT Pi3 e DA3

Challenges
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Why Does This Matter?

Autonomous vehicles use 3D reconstruction to map environments in real time
Surgical robotics and medical imaging use 3D models for precision navigation
AR/VR and spatial computing require fast, accurate reconstruction to feel real
Disaster response drones use 3D mapping to assess structural damage

Conclusions

No single method dominates across all scenes and metrics
COLMAP has best overall F-score - most complete reconstructions
Texture-less surfaces (Mannequin Head) break COLMAP entirely

LabChair is clearly the hardest scene for all methods, likely due to complex
geometry and obstructions

Depth Anything 3 achieves high accuracy but low completeness

Future work: evaluate on larger outdoor datasets, include NeRF-based methods

o SIFT requires distinct keypoints
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