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Introduction

Group convolution is a popular framework for equivariant neural networks in fields such as computer vision, where the data can be treated as 

functions, and transformations act on the domain of these functions. In today's talk, we will delve into another framework, group aver aging, for 

designing equivariant networks. Group averaging is currently mainly applied to "geometric data", e.g., point clouds or molecular structures that 

can be viewed as a set of "points/nodes" with coordinate information. 

A Particular application is in geometric graph networks for computational physics, computational chemistry, 3D computer vision, etc.. It is 

desirable to have E(3) equivariant graph NNs in these tasks. Maintaining coordinate information offers greater expressivity compared to 

invariant methods that rely on relative distances [1].

[1] On the Expressive Power of Geometric Graph Neural Networks
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Definition: Group Averaging
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Intuition: Group Averaging
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Expressive Power: Group Averaging

Image Credit: Frame Averaging for Invariant and Equivariant Network Design. Omri Puny et al.
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Connections between GA and G-Conv
Recall that in Group Conv, a rotation to the input will result in planar rotation + periodic shifting for the output feature map. If 
we average over the feature maps to get a single feature map, the result is still equivariant to rotations, i.e., a rotation 

in the input will result in a rotation in the output feature map.

=

+ + + + + +

↺ ↺ ↺ ↺

Recall the definition of lifting layer:

Make cross-correlation to be the backbone for group averaging:

A feature map after lifting

Sum over all feature maps

Here, we have the “correction term”, but in group convolutions, we do 

not have the “correction term”. This is the result of moving the rotation 

from the image to the kernel. We'll demonstrate this in the next slide.
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Connections between GA and G-Conv
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Motivating Example: Pre-processing
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Definition: Frame Averaging
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Frame Averaging: Practical Usage in Geometric GNNs
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Frame Averaging: Practical Instantiation for E(3)
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Frame Averaging: Practical Instantiation for E(3)

Image Credit: Frame Averaging for Invariant and Equivariant Network Design. Omri Puny et al.
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Intuition: Frame Averaging

Mapping the input to a set of 

“coordinate systems” that 

respects transformations on 

the input.

Just synchronize over all possible 

such “coordinate systems”.

Image Credit: Frame Averaging for Invariant and Equivariant Network Design. Omri Puny et al.
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Questions for Averaging-based Methods

❑ Most applications of frame averaging are applied to geometric data (point clouds). Can we adapt this idea for other data 
types, e.g., image data, functional data?

❑ Can we have an averaging-based design that also respects local symmetries?

❑ Under what conditions can we find a frame, and under what conditions can we find an optimal frame?

❑ ... 
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