IMAGE CONVOLUTION
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IMAGE SPATIAL FILTERING ~ CORRELATION

If(i,j):ZI(i+k,j+|)z(k,|)

., 2111447
112/2]36 ajbc y
2N 3/35/8/9, & |def] =
S 51212167 gLl
‘° 813213
| Z l
Image Filter Filtered image

y=2a+b+4c+d+2e+2f +39+3h+5i



BOUNDARY
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BOUNDARY
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BOUNDARY
(I, j)=Z|(i +k, j+1)z(k,I)
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FILTERING AS A FEATURE EXTRACTION




FILTERING AS A FEATURE EXTRACTION

|(X1)=(212,200,221) fl(X)ZO.B fZ(X)z—O.l f3(x):0,9 XX



ANALOGY FROM FOURIER TRANSFORM

Any signal can be rewritten as a linear combination of sine and cosing of
different frequencies.
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FILTERING AS A FEATURE EXTRACTION
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CORRELATION VS. CONVOLUTION

Image correlation:
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CORRELATION VS. CONVOLUTION

Image correlation: Image convolution:
S ui+k, j+zk =1, ) D=k, j-hzk )=3(,]j)
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Flip the filter in both dimension (bottom to top, right to left)



CORRELATION VS. CONVOLUTION
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CORRELATION VS. CONVOLUTION
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CORRELATION VS. CONVOLUTION
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CORRELATION VS. CONVOLUTION
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PROPERTIES OF CONVOLUTION

Commutative:

fxg=0gx*f

A filter can be filtered by an image.



PROPERTIES OF CONVOLUTION

Commutative:

fxg=0gx*f

Associative;

(f*g)*xh=f*(g=h)

A composition of convolutions can be pre-computed.



FILTERING AS A FEATURE EXTRACTION

|(X1)=(212,200,221) fl(X)ZO.B fZ(X)z—O.l f3(x):0,9 XX



CONVOLUTIONAL NEURAL NETWORK

conv2 feature maps

28x28 input
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RECALL: EDGE RESPONSE

Derivative
fa

Image differentiation can be used for edge detection
but it is VERY noisy.

How to detect edge reliably?
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Denoised image




STRATEGY: DENOISE AND DIFFERENTIATE
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ASSOCIATIVITY
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SOBEL FILTER

Sobel filter: derivative of Gaussian filter, e.g., -2 0 2




SOBEL FILTER
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