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Example of 2D Convolution

Here is a simple example of convolution of 3x3 input signal and impulse response (kernel) in 2D spatial. The definition of 2D
convolution and the method how to convolve in 2D are explained here.

In general, the size of output signal is getting bigger than input signal, but we compute only same area as input has been
defined. Because we forced to pad zeros where inputs are not defined, such as x[-1,-1], the results around the edge cannot
be accurate. Plus, the size of output is fixed as same as input size in most image processing.

1 2 3 1 -1 ] -2 | -1 -13 | -20 | -17
4 5 6 010 0 0 -18 [ -24 | -18
7 8 9 1 1 2 1 13 | 20 | 17
Input Kernel Output
Notice that the origin of impulse response is always centered. (4[0,0] is located at the center sample of kernel, not the first
element.)

Let's start calculate each sample of the output one by one.
First, flip the kernel, which is the shaded box, in both horizontal and vertical direction. Then, move it over the input array. If
the kernel is centered (aligned) exactly at the sample that we are interested in, multiply the kernel data by the overlapped

input data.
The accumulation (adding these 9 multiplications) is the last thing to do to find out the output value.

Note that the matrices are referenced here as [column, row], not [row, column]. M is horizontal (column) direction and N is
vertical (row) direction.

30,0]= (=117 A[L1]+ 2[0.~1]- {011+ {1~ 1]- A~ 11]

1 2 1
+ x[—1.0]- A[1,0] +[0.0]- A0,0]+ x{1,0]- A~ 1,0]
o o + - 11]- B[L-1]+x[0,1]- H0.—-1]+ 2 11]- H~-1-1]
1 2] 3 =0 14+0-240.140-041. 042040 D +4 . (-2)+5-(-1) =—13
1 |[-2 {1
4| 5| 6
71 8| 9
— YL0]= 2 0.~1]. W11+ 2 1—~1]- L[ 0,1]+ 2 2.-1]. H{~11]
+ x[0,0]- A[L0]+ A L0]- #{0,0]+ 2[2,0]- #{~1,0]
0 1ol o + 2017 B =17+ A 11]- B0~ 1]+ [ 2.1]- A~ 1.—1]
1 2] 3 0. 14+0.240.141.042.04+3. 04+4- (=D +5- (=2) +6. (= 1) = =20
EFE
4| 5| 6
7| 8| 9
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¥[2,0] = 2 1=1] &[L1]+ x[2.—-1]- A[01]+ 2 3~1]- [~ 1.1]

e +x[1,0] H[1L0]+2[2,0]- H0,0]+ 2 2,0]- A[-1,0]
o oo +x[11] B[1-1]+ 2[2,1]- H0,-1]+ 2 21] A[-1,-1]
L || =0.140. 240 142 042040045 (=046 (-2 +0. (- =-17
1 ||-2 ||-1
4|l 5| 6
7| 8| 9
— T ¥[01]= A-10] A1)+ 0,0]- B 0,11+ 2[1,0]- &[-11]
1l 2| 3 +x[-11] B[L0]+ A 0,11 A[0,0]+ x[1.1]- H[—1,0]
o Il lio +x[-1,2] A[1-1]+x[0.2]- A 0,~1]+ A 12]- A[-1,-1]
4ll S| 6 =0.-141.242.140.044 045040 (-D+7-(-2)+8 (-1)=-18
1 (-2 [|-1
71 8| 9
=T ¥[11] = [0,0]- A[L11+ 2[10]- A[O1]+ [ 2.0] A[-11]
11l 2| 3 +x[0,1] A L0]+ 2[L1]- A0.0]+ 2[2.1]- A[-1,0]
o 1l o +x[0,2] ML-11+1,2] W01+ 2.2] #[-1-1]
4] o] © 1142 243144 045 046 047 (D +8 (249 (-1)=—24
1 |-2 |-
71 8| 9
— 12 0= AL01- AL+ (2,00 H01] + A3,0] H{-11]
111 2|l 3 +x[11] A[L0]+ 22,11 B[0,0]+ A 2.1]- A[- 1,0]
o oo +x[1,2] H[1-1]+x[2.2] W 0-1]+ z[3.2]- H{-1-1]
4|l S| 6 =2 143240 145046040048 (-1 +9 (-2 +0.(-1)=-18
1 [|-2 ||-1
711 8| 9
¥[0,2] = 2-111- 211+ 0,17 B[0,1]+ 2 1,1]- A[-1.1]
1 2| 3 4+ 2[-1,2] A[L0]4 A 0.2] A 0.0]+ x[1.2] H[-1,0]
1 [l2 [+ +x[-1,3]- B[L-1]+ 2[0,2]- H[0,~1]+ 2{1,3] A[—1,-1]
4 5) © =0.144. 245140 047048040 (-D4+0. (-2 +0. (- =13
0 0 0
7|l 8| 9
-1 -2 -1
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[1.2]= 2[0,1]- A[11]+ A 1.1]- 2[01]+ A 2.1]- H[-1.1]

1 2] 3 4+ 2[0,2] H1,014 2[L2] #0014 z[2,2] #[-1.0]
1 . 2 . 1 . +x[0,3]- A L-1]4+21,3] 0,11+ 22,3] H[-1,-1]
- =4 14+5 246 1+7- 048049040 (-D+0- (=240 {-1)= 20
0 0
71| 8| 9
1 |2 |1
¥[2,2] = 2[L1] A1)+ 20 2.1] B[01]+ 2 3.1]- H[-1.1]
1 2| 3 + 2[L2] B[1.0]+ 2[2.2] B[ 0,014 z[3.2]- H[-1,0]
. 1 . 2 . 1 +x[1,3] B[1L-1]+22,3] H0.-1]+233] k[-1.-1]
= =5 146 240148 049040040 =140 . (-2)+0-(-1) =17
0 0
7/ 8| 9
1 |2 |-
© 2005 Song Ho Ahn o HTHL 1o
<—Back

http://www.songho.ca/dsp/convolution/convolution2d_example.html 3/3


mailto:song.ahn@gmail.com
http://jigsaw.w3.org/css-validator/check/referer
http://validator.w3.org/check?uri=referer
http://www.songho.ca/dsp/convolution/convolution.html

