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1. The problem of invariance
2. The mathematics of invariance
3. Invariance In visual cortex

4. Invariance Iin convolutional neural networks
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https://www.youtube.com/watch?v=yIMDgPKgN1w
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OCTOBER, 1898.

THE MONIST

Henri Poincaré

ON THE FOUNDATIONS OF GEOMETRY.

LTHOUGH 1 have already had occasion to set forth my views

on the foundations of geometry,! it will not, perhaps, be un-

profitable to revert to the question with new and ampler develop-
ments, and seek to clear up certain points which the reader may
have found obscure. It is with reference to the definition of the
point and the determination of the number of dimensions that new
light appears to me most needed; but I deem it opportune, never-
theless, to take up the question from the beginning.

SENSIBLE SPACE.

Our sensations cannot give us the notion of space. That no-
tion is built up by the mind from elements which pre-exist in it,
and external experience is simply the occasion for its exercising
this power, or at most a means of determining the best mode of
exercising it.
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Invariance

HP(x)) = f(x)
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Invariance Equivariance

HP(x)) = f(x) HPp(x) = P (f(x))
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Quadrature Pair of Gabors
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Quadrature Pair of Gabors The Energy Model
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Bispectrum

Bk =TT i

T T T

B = (Z oi2nley ) ( Z pi2miklef ) ( Z o ~27HRf )
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linear uadratic cubic
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D D — BICYCLE

o
" INPUT CONVOLUTION + RELU POOLING CONVOLUTION + RELU POOLING FLATTEN FULLY SOFTMAX

P \ R CONNECTED f

FEATURE LEARNING CLASSIFICATION
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Convolution Pooling

Equivariance

to translation within the
global image plane
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Convolution

Equivariance

to translation within the
global image plane
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Convolution Pooling

Equivariance Invariance

to translation within the to slight perturbations
global image plane within a local region
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Max Pooling

| max pool with 2x2 max pool with 2x2

fiters and stnide 2 filters and stride 2

max pool with 2x2

filters and stnde 2
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Color Contrast 42% Gabor Filters 44%




Hierarchical
Vision Models

o B =
HEES BEE

All neurons in the previous layer with at least 30% of the max weight magnitude are shown, both positive
(excitation) and negative (inhibition). Click on a neuron to see its forwards and backwards weights.
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Color Contrast 16% Complex Gabor 14% Low Frequency 27%

SRR 3=

-l A
FIA B
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Vision Models

B positive (excitation)

i negative (inhibition)
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Brightness Gradient 6% BW vs Color 4%
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Jnit 45

Jnit U

Jnit 5.




Hierarchical
Vision Models

InceptionV1 has a
left-oriented pathway
detecting dogs facing
left...

... and a symmetric
right-oriented pathway
detecting dogs facing
right. At each step, the
two pathways inhibit
each other and excite
the next stage.

Oriented Fur (3b)

Oriented Heads (4a)

Union over
left and right
cases.

Orientation-Invariant Head (4b)

Union over
left and right
cases.

Orientation-Invariant Head+Neck (4c)
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Not Invariant
Enough?
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Original image

Ostrich (98%)

Temple (97%)




