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Circular Convolution
Multiplication of N -point DFTs corresponds to time-domain circular convolution.

1
N (x⊛ h)[n]←→ XN [k]HN [k] (x⊛ h)[n] = N DFT−1

N {XN [k]HN [k]}

(x⊛ h)[n] =
N−1∑
m=0

x[m]h
[(
(n−m)modN

)]
= (h⊛ x)[n] =

N−1∑
m=0

h[m]x
[(
(n−m)modN

)]
Computing a circular convolution may seem complicated, but it is really simple.

• Perform linear convolution — the convolution you’re already familiar with.
• Wrap the result of linear convolution into a length-N interval.

This is time-aliasing, which is the time-domain analogue of the more familiar frequency-aliasing.
• Periodically extend every N samples.

Compute the result using superposition. Use a table or sketch a plot to keep track of the values.

n = 0 1 2 3 4 5 6 7 8 9

x[n] = 1 1 1 1 0 0 0 0 0 0

h[n] = 1 2 3 0 0 0 0 0 0 0

n = 0 1 2 3 4 5 6 7 8 9

h[0]x[n− 0] = 1 1 1 1 0 0 0 0 0 0

h[1]x[n− 1] = 0 2 2 2 2 0 0 0 0 0

h[2]x[n− 2] = 0 0 3 3 3 3 0 0 0 0

(x ∗ h)[n] = 1 3 6 6 5 3 0 0 0 0

(x⊛ h)6[n] = 1 3 6 6 5 3 1 3 6 6

(x⊛ h)5[n] = 4 3 6 6 5 4 3 6 6 5

(x⊛ h)4[n] = 6 6 6 6 6 6 6 6 6 6

(x⊛ h)3[n] = 7 8 9 7 8 9 7 8 9 7

(x⊛ h)2[n] = 12 12 12 12 12 12 12 12 12 12

(x⊛ h)1[n] = 24 24 24 24 24 24 24 24 24 24

Here’s the take-home message for today: You need to get comfortable with performing convolution from
this moment on. If you can’t perform convolution, you can’t perform circular convolution. We will perform
convolution for the rest of the class. There will be many convolution problems in the homework and on the
quizzes. Going forward, you cannot succeed in this class if you cannot perform convolution.
On the bright side, once you can perform convolution, circular convolution is easy!








