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6D continuous 
representation

Zhou et al. CVPR (2019)

Rotation matrices

3D Rotation Group, SO(3)

Unit quaternions

4x4 symmetric matrix
our smooth representation

Euler angles



The Parametric Wahba Problem

Grace Wahba, SIAM Review (1965)
generalize to 

learned A

convert to QCQP 
with data matrix A

Parametric QCQP
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minimum-eigenspace

Mapping A to SO(3) via a Differentiable Layer

Very simple in PyTorch!

Jan Magnus, ‘On Differentiating Eigenvalues and Eigenvectors…’ 
Econometric Theory (1985)

implicit function theorem
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Continuity of SO(3) Representations

Our representation 
admits a smooth g 

(continuous and 
differentiable)

Zhou et al. ‘On the Continuity of Rotation 
Representations…’ CVPR (2019)

section g
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The Bingham Density and 

anti-podally symmetric

4x4 symmetric       defines a Bingham belief
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Out-of-Distribution Detection

KITTI images

Dispersion Coefficient
based on eigenvalues of learned A
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Robust Relative Rotation from Images

DT rejects OOD inputs
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bingham-rotation-learning

Smooth 
useful for large rotation targets

Easy to implement 
a few lines in PyTorch

Encodes Bingham belief

Can slow down training 
differentiable layer requires an  
eigendecomposition and linear solve
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OOD mechanism 
further investigation required?


