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Image Filtering (linear)

+ Each novel output pixel value O(X,y) is as linear function of the

neighboring pixel values of 1(X,y).
The linear weights are stored in the filter kernel K(s,t) (also
called filter or filter mask)

O[x,y]= Za: Zb: k[s.t]I[x+s,y+t]
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Spatial Filtering
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Linear Filtering as correlation or convolution

a b
* Cross-correlation: O[x,y]=> > k[s,t]I[x+s,y+t]

s=—at=-b

Symbol: 0 = k ® |

a b
« Convolution: o[x.y] :sz 1 [ sy ]
Symbol: O =k * | s—at-—b

Convolution is commutative and associative

For symmetric kernels there is no difference !!!




T

Convolution

oy

© F. Durand

’e Origin  f(x, y)

® th o=
W=

Y

(a)

From:
Digital Image Processing
by R.C. Gonzales & R.E. Woods




,— Origin flx,y)

00000
) | 0 w(x,y)
) 1.0 0 123
) 00 4 56
00000 7 89

(a)
e Initial position for w
123000000
4 5 5} 00 0000
7 8_9J 000000
000000000
000010000
000000

Padded f

Full convolution result

0 00 000
0 00 000
0 00 00DO0OD0DO
0 0123000
0 04 56 000
000789000
0 00 00DO0OD0DO
0O 000O0O0O0O00O0
00 0 ( 0000

From:
Digital Image Processing

Original

Identical image

© D. Lowe

by R.C. Gonzales & R.E. Woods




Linear filters: examples
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Linear filters: examples
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Linear filters: examples
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Separable Filter

An often used filter for blurring is the binominal mask.

Since this 2D mask can be separated into two 1D masks
the computational complexity can be heavily reduced!.
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Filtering as matrix multiplication (1D)

Filtering as matrix multiplication (1D)
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