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Short overview

Broadly, research into Equivariant CNNs can be divided into:

• Regular G-CNNs


• Use regular representation to transform kernel


• Intuitive, easy to implement


• Applicable to broad range of groups 


• Computational complexity depends on group size and dimensionality


• Steerable G-CNNs


• Constrain kernels to steerable basis


• Applicable to unimodular groups, e.g. rotation groups


• Decouple computational complexity from group size



Summary

• Scalability remains a problem in regular G-CNNs 


• We propose separating the group convolution operation for affine groups 
 by subgroups: 

• Factorise into a separate convolution over  and 

G = ℝ2 ⋊ H

H ℝ2



Group convolutions

• Feature maps  are defined over 


• The kernel  now also extends over  (considerably increasing computational complexity)

f G

k G

( f *group k)(g) = ∫G
f(g̃)k(g−1 ⋅ g̃)dg̃

= ∫ℝ2 ∫H
f(x̃, h̃)k(h−1(x̃ − x), h−1 ⋅ h̃)

1
|h |

dx̃dh̃

g = (x, h)where

In case of  
affine groups



Separable group convolutions

• Idea - treat distinct subgroups separately:


• i.e. separate convolutions over rotation and spatial dimensions


• Assume: k(g) = kℝ2(x) ⋅ kH(h)



Separable group convolutions

• It turns out there is empirical motivation for this approach, learned G-conv 
kernels exhibit redundancy along the  axis!H

Visualisation of redundancy in group convolution kernels in subsequent layers



Separable group convolutions

• Idea: treat distinct subgroups separately:


• i.e. separate convolutions over rotation and spatial dimensions


• Assume: k(g) = kℝ2(x) ⋅ kH(h)

( f *group k)(g) ≈ ∑
x̃∈ℤ2

∑
h̃∈ℋϵ

f(x̃, h̃)k(h−1(x̃ − x), h−1 ⋅ h̃)
1

|h |

= ∑
x̃∈ℤ2

[ ∑
h̃∈ℋϵ

f(x̃, h̃)kH(h−1 ⋅ h̃)] 1
|h |

kℝ2(h−1(x̃ − x))

Does not depend on , 
precompute this!

x



Separable group convolutions
Computational efficiency

• Drastically reduces computational 
complexity: 

• In turn allowing for larger groups

Process time per epoch on MNIST-rot



Separable group convolutions
-equivarianceSim(2)



Separable group convolutions
Separable vs. nonseparable

Test error on MNIST-rot


