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Intuitions



Idea overview



Let’s build the network!

W e need to…
• Step 1: Uniformly sample 

camera views

• Step 2: Define group 
convolution filters



Step 1: Sample views



Step 1: Sample views

Can also 
sample 
panoramic 
images!



Finite 3D rotation groups

These are the only finite subgroups of SO(3)
• Equivalently, SU(2)

dual dual

The Cyclic 
Group

The Dihedral 
Group



Finite 3D rotation groups — fun fact

They correspond to a lot of fancy things in algebra (representation 
theory, category theory, …) — the McKay Correspondence

Even Wolf Prize winner studies this

The Cyclic 
Group

The Dihedral 
Group



In- plane rotations
• can be cancelled out by 

the equivariance of 2D 
convolution on images

Equivariance with fewer views

Is somehow a discrete version of 
https://arxiv.org/pdf/2006.01570.pdf

https://arxiv.org/pdf/2006.01570.pdf


Equivariance with fewer views



Conventional 2D convolution

• Equivariant to the 2D translation group

Generalize to arbitrary groups

Discrete version

Group convolution



Group convolution

Convolution on homogeneous spaces

Intuitively, a homogeneous space is a group without a specified “0”
• e.g. a 2D plane on which you don’t know where the origin is

Compare with convolution on groups

homogeneous space 
convolution (H- Conv)

homogeneous space 
correlation (H- Corr)



Group convolution

Convolution on homogeneous spaces
• Discrete version

Why homogeneous space? — So we can operate
on the primitives instead of the abstract groups



Filter localization

Choose a subset S of G that is allowed to have nonzero filter values 
while h(G − S) is set to zero

• S is a fixed hyperparameter



Feature visualizations



Experimental results

M odelN et40
classification 
&  retrieval



Experimental results

• More coherent across rotations
• But still not fully equivariant — a 

small performance gap from 
aligned to rotated shapes

• Sampling more views alleviates 
the issue

M odelN et40
classification 
&  retrieval



Thank you!
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