
Sophia Sanborn 
VS265 Guest Lecture 
Fall 2020

Computing 
Perceptual  
Invariants



Outline

Computing 
Perceptual 
Invariants

1. The problem of invariance


2. The mathematics of invariance


3. Invariance in visual cortex


4. Invariance in convolutional neural networks
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https://www.youtube.com/watch?v=yIMDgPKgN1w
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Henri Poincaré 
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f(ϕ(x)) = f(x)
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eiθ = cos θ + i sin θ
Euler’s Formula
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Power Spectrum
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+

The Energy Model
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β( f )j,k = ̂f*j ̂f*k ̂fj+k

Bispectrum
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Equivariance
to translation within the 

global image plane
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Convolution
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Convolution Pooling

to translation within the 
global image plane

to slight perturbations 
within a local region

Equivariance Invariance
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Max Pooling



Data Augmentation
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Too Invariant?



Not Invariant 
Enough?


