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Image to column operation (im2col)
Slide the input image like a convolution but each patch become a column vector.

9 possible

Input Image [4x4x3] ] Sliding window
Result: [12x9] positions

We can multiply this result matrix [12x9]
with a kernel [1x12].

result = kernel x matrix

The result would be a row vector [1x9].

We need another operation that will convert
this row vector into a image [3x3].

0000 | - | - -0 S
Result: [1x9)]
col2im
Conv out: [3x3]
Consider col2im as a row major

Kernel Width:2
Kernel Height:2
Stride:1.
Padding:0

W_out=(W_in - kW + 2*P)/S + 1
H_out=(H_in - kH + 2*P)/S + 1

W_out=(4-2)/1+1=3
H_out=(4-2)/1+1=3

reshape.

2%2x3 column vector
[2x2] R, [2x2] G, [2x2] B

We get true performance gain

when the kernel has a large number of filters, ie: F=4

and/or you have a batch of images (N=4). Example for the input batch [4x4x3x4], convolved with 4 filters [2x2x3x2] .
The only problem with this approach is the amount of memory

Reshaped kernel: [4x12] Converted input batch [12x36]
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A=input width
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Figure 3. Unrolling the convolution operations in a convolutional layer (biases, sub-sampling, and non-linearity
omitted), to produce a matrix-matrix product version.
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Unsupervised Feature Learning

Can apply any feature extraction method where labels are not used
- "“Learn features” from patches

Training Image Patches FEATURE LEARNING K Learned Features

—| Feature extraction
method

FEATURE ENCODING

put Image Encoded Image
}W llllllllll\l\]\
UNTT— T\
n pixels —>| Matrix convolution |=> [H[]
F:RV > RK L n-w+1
< __
d channels — K channels -
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