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Our Past Works on Modeling Geometric Structures

LIMAP at CVPR’23 LIMAP-SFM at ECCV’24

Can we model structures while maintaining efficiency?
Can we add richer structures?



Taxonomy of Holistic 3D Structures: Features and Groups

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

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

Junctions: 
Cross-feature 

relations



Building the Constraints

• Off-the-shelf modular point 
and line detection and 
matching.

• Custom plane detection 
module based on MoGe. 

Also appear at ECCV 2026: 
Pixelwise Planarity for High-Precision 
Monocular Plane Segmentation

• Structure association via 
voting or dense matching.

General line matching via warping

General plane matching via warping



Holistic Bundle Adjustment – A Unified Framework

Different primitives: VPs, planes, spheres, cylinders, cones, etc
Various constraints: parallelism, orthogonality, coplanarity, wireframes, etc.



Holistic Bundle Adjustment – A Unified Framework

Groups as auxiliary variables in the reduced system
Wireframe constraints as cross-feature 2D errors Fast Schur Complement



Holistic Bundle Adjustment – A Unified Framework

Group constraints as pixel-wise reprojection errors: Stable optimization
Statistically principled: implicitly modeling the 3D feature uncertainty. 



Holistic Bundle Adjustment – A Unified Framework

Natural inter-group constraints: Manhattan World, Atlanta World, etc.



Various Supported Group Types
Note: General detection 
can be achieved via 
semantic priors. 

Group detection via SAM3



Holistic Bundle Adjustment – A Unified Framework

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



Stable and Scalable Bundle Adjustment 
of Holistic 3D Structures

Thank you!
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