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Code available

Example holistic reconstructions on a daily smartphone video
SAM3 based primitive detection: football -> sphere, cans -> cylinder

Similar scaling complexity as classical bundle adjustment 
with only points

Fully integrated in a principled SfM pipeline, compatible with the COLMAP ecosystem.
Therefore naturally benefits from new features such as multi-camera rig support and recent advances in two-view geometry.

Instead of individual set of 3D points, man-made structured 
environments are full of mid-level 3D structures and relations:
• Feature units: points, lines
• Primitives: VPs, planes, spheres, cylinders, cones, etc.
• Relational constraints: parallelism, orthogonality, 

coplanarity, wireframes, etc.

2D Image Features (scalable to millions)
2D reprojection measurements

Groups (parallel, coplanar, etc.)
3D feature associations

Junctions: 
Cross-feature 

relations

A taxonomy on features and groups

Our previous works on modeling geometric structures

LIMAP at CVPR’23 LIMAP-SFM at ECCV’24

Motive: Can we model structures while maintaining efficiency?

Holistic Bundle Adjustment: A unified framework for optimizing holistic 3D structure

Summary of key ideas:
• Groups as auxiliary variables in the reduced system
• Wireframe constraints as cross-feature 2D errors
• Group constraints as pixel-wise reprojection errors: Stable optimization
• Natural inter-group constraints: Manhattan World, Atlanta World, etc.

Brief Analysis of group reprojection error

Fast Schur Complement

Some remarks:
• The only scalable compact features are points and lines.
• Groups are general concepts modeling feature 

associations, which can be VPs, planes, spheres, cones, 
and even monocular depth or CAD priors.

Building the constraints
• Off-the-shelf modular point and line 

detection and matching.
• Custom plane detection module based on 

MoGe (you are welcome to check poster 
#73 in the same session) 

• Structure association via dense matching

The projection difference of the original 
point and its feet in the group. 

Across multiple views, this is equivalent 
to 3D error with its information 
calculated via the relinearized Jacobians 
as:

The cost is therefore statistically 
principled while sharing a same unit as 
the original reprojection error, leading 
to stable optimization and natural 
selection of termination criteria.

Some Experimental Results
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