Lecture 13

Spatial Correlation and Convolution

* There are two closely related concepts that must be
understood when performing linear spatial filtering,
One is correlation and the other is convolution.

» Correlation is the process of moving a filter mask
over the image and computing the sum of products

at each location. o,
w(x, y) % f(x,y) = 2 Z wis, f(x + 5.y 1)

s=—a t=-b

*» The mechanics of convolution are the same, except
that the filter is first rotated by 180°.

a

b
w(x,y) * f(x,y) = 2 E wis, )f(x— s,y — 1)

s=—a (=—b

>>x=[00010000]; >> conv(x, flip(w), 'same’)
>>w=[12328]; ans =
>> flip(w) 0 82 3 2 1 00

ans =

8 2 3 2 1 . X
Cropped correlation result
Use Convolution to implement Correlation 08232100
>> conv(x, flip(w))

ans =
Columns 1 through 11

O 0 08 2 3 2 10 00O0 Full correlation result
C‘(’)'”mnlz (g) 000823210000
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(Linear Time-Invariant)
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Cropped convolution result

01232800

—N—
>> conv(x, w, 'same')
W
ans =
0O 1 2 3 2 8 0 O

Extended to 2D operations:
>> f = zeros(5,5);
>>f(3,3) =1; >>w = reshape(1:9, 3, 3)'
>>f
f: W =

0O 0 0 0 O 1 2 3

0O 0 0 0 O 4 5 6

0O 01 0 O 7 8 9

0O 0 0 0 O

0O 0 0 0 O
>> conv2(f, w, 'same') Cropped convolution result
ans =

0 00 0O 1 2 13

01 2 3 0 e

04 5 6 0 45 ?

07 8 9 0 789
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>> w1 = flip(w, 1) >> w2 = flip(wl, 2)

W =
1 2 3 wl = w2 =
4 5 6
7 8 9 7 8 9 9 8 7
4 5 6 6 5 4
1 2 3 3 2 1
>> conv2(f, w2, 'same') Cropped correlation result
ans =
0O 0 0 0 O 9 8 7
0O 9 8 7 O 6 5 4
0 6 5 4 0 321
0O 3 2 1 O
0O 0 0 0 O

flip(A,1) reverses the elements in each column, and flip(A,2) reverses the elements in each row.

Boundary Padding Options

>>A =[12;34]
A=

1 2

3 4
>> padarray(A, [2 2]) ZE,rO Pm“hg
an

>> padarray(A, [2 2], 'replicate’)

> ans =

0 0 00 00 1 171 24 2 2
0 00 00O 1 1(A 2\ 2 2
0 0 ll 2100 11 V2 2
0 013 400 3 3403 afa .4
0 00 0O0 O 3 3 2 a4
0 000 O00O0 3 38 454 4
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>> padarray(A, [2 2], 'symmetric')
ans =

>3 0 @

- Smoothing Filter

>> | = imread('Fig0335(a)
(ckt_board_saltpep_prob_ pt05).tif');
>> imshow(l) 9
>> h = ones(3,3)/9;
>> h
h =

0.1111 0.1111 o0.1111

0.1111 0.1111 o0.1111

0.1111 0.1111 0.1111

>> ) = imfilter(l, h, 'symmetric');
>> figure; imshowpair(l,J,'montage’)
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>> padarray(A, [2 2], 'circular')

Q
>

2 1 2 ¢ 2
4 3 4 .3 4,
2 [T 211 'z;
4 13_4l'3_4-
21 21l 1 2
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>> K = uint8(128*ones(512, 512));
>> figure; imshow(K)
>> S = imfiter(K, h, 'symmetric');

’ S

( "4\ Figure 4 = o

[ Figure 3 — (o] X
File Edit View Insert Tools Desktop Window Help ] Fle Fdit View nsert Tools Desktop Window Help
Ddde @ 08B RE Dadsajan @
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