
Convolution

In this exercise, we’ll implement a convolution algorithm. Convolution is a mathematical
operation on two functions and produces a third function that is usually a modification of
one of the original functions. Convolution is often used to realise different filters of images.

In digital image processing, convolution usually takes the following form

(f ∗ h)(x, y) =
k∑

i=−k

k∑
j=−k

f(x− i, y − j) · h(i, j) , (1)

where f is and input image, h is a convolution matrix (mask), and k is the width of the
convolution mask.

Convolution mask is a matrix usually of size 3×3 or 5×5. Some examples of convolution
masks follow:

Box blur:
1

9

1 1 1
1 1 1
1 1 1

 , (2)

Gaussian blur 3 × 3:
1

16

1 2 1
2 4 2
1 2 1

 , (3)

Gaussian blur 5 × 5:
1

256


1 4 6 4 1
4 16 24 16 4
6 24 36 24 6
4 16 24 16 4
1 4 6 4 1

 . (4)

Convolution can be roughly transcribed as producing output image by adding each
element of the image to its local neighbour pixel values, weighted by the mask. If we look
at the operation, it not possible to compute convolution on the image boundary. The size
of the boundary is given by the mask size. For mask of size 3× 3 the border is 1 pixel, for
mask of size 5 × 5 the border is 2 pixels. In Fig. 1, an example of convolution operation
is depicted.



original image

brightness
values convolution

mask

result at pixel

Figure 1: An example of convolution operation at a pixel location.


