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Theory
Definition (Orbitope [1]) An orbitope is the convex hull of an orbit of a compact algebraic
group that acts linearly on a real vector space. The orbit has the structure of a real algebraic
variety, and the orbitope is a convex semi-algebraic set.

A 3-dimensional rotation matrix R ∈ SO(3) has dimension three. However, its tautological
orbitope is a convex body of dimension nine. The following theorem is a key ingredient of this
work.

Theorem (SO(3) Orbitope [1]) The tautological orbitope conv(SO(3)) is a spectrahedron whose
boundary is a quartic hypersurface. A 3×3 matrix A lies in conv(SO(3)) if and only if,

Proposition (SSO(3) and SO(3) Orbitope)∀ S∈ SSO(3) there exists A∈ conv(SO(3)) such that
S = α A, if and only if∃ α > 0:

where,
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Motivation
Our goal is to leverage semantic information to resolve ambiguities and to improve the efficiency of
correspondence searches.

Our approach solves challenging registration problems by maximizing the number of corresponding semantic
regions – such as windows, doors or balconies – for datasets from different modalities, with large amounts of
noise and outliers, little data overlap, or significantly different data statistics.

Contributions
We propose a global optimization framework for semantic region assignments. To account for
noise and outliers we approximate the semantic regions by ellipsoids and derive suitable linear
matrix inequality (LMI) constraints that allow for ellipsoid-to-ellipsoid correspondence testing
within a constraint consensus maximization. Due to the global optimization approach, our method
allows for large amounts of outliers.

Conclusions
• We present a general global optimization framework for consensus maximization with LMI 

constraints approximating semantic regions by ellipsoids.
• We propose LMI constraints, which describe ellipsoid-to-ellipsoid assignment conditions, leading 

to a generic framework for solving semantic registration problems.
• Experiments on both synthetic and real dataset demonstrate that our method is robust to large 

amounts of outliers.

Results – Registration Problems (Real Data)

Code: http://cvg.ethz.ch/research/seCon/

Qualitative registration results. From top to bottom we show: 3D models obtained by SfM; fused
3D semantics; extracted ellipsoids; and the aligned models. Note that we have two separated
meshes for the Day/Night case. After the alignment we projected the semantic labels from the
night mesh onto the day mesh. The Outdoor/Indoor case shows the merged colored SfMs instead
of the semantics. For the Scan/CAD, we depict a side-by-side comparison of the alignment
models.

Quantitative results. For each registration task, we show the rotation, translation, and scale error,
followed by the number of inliers, total number of assignments, number of iterations, runtime
and RMSE. Whenever possible, we applied ICP for refinement to obtain improved RMSE values
(see last column). For the Outdoor/Indoor case, ICP refinement was not possible due to missing
overlap between the models.

Consensus Maximization (Problem Formulation)

Ellipsoid under Projective Transformation

Notation

Spectrahedron

A spectrahedron is the intersection of positive 
semi-definite matrices with an affine-linear 
space.

where

LMI
(Linear Matrix Inequality)

Ellipsoid

Inner Ellipsoid

Outer Ellipsoid Implementation (Mixed Integer Programming)

Multiple Regions with Same Semantics

Results - Similarity Transformation (Synthetic Data)

Semantic Segmentation

Results – Pure Rotation (Synthetic Data)

Global Methods. Runtime comparison for the purely rotating cameras problem.

Ellipsoid-to-Ellipsoid Assignment Conditions
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