
Lecture 4



The Fourier Transform kingdom



Discrete Fourier Transform



iDFT (synthesis equation)



Analysis and Synthesis equations



Numerical examples
 The DFT for N samples can be obtained as the 
multiplication of the N samples by the W matrix
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DFT examples
 N=2

 N=4

 N=8

1 1
1 1

W
 

   

1 1 1 1
1 1
1 1 1 1
1 1

j j
W

j j

 
   
  
   

2
8

8

1
2 2

j
W e

j




 

 

3

6 14

3 6 9 21

7

0 0 0 0 0
8 8 8 8 8
0 1 2 7

8 8 8 8 8
0 2 4

8 8 8 8 8
0

8 8 8 8 8

0 21
8 8

14
8

9
8 8

4

W W W W W
W W W W W
W W W W W

W
W W W W W

W W W W W

 
 
 
 

  
 
 
 
  






     




DFT for N=8
 The DFT for N samples seen as the projection on N 
complex exponential sequences



Example
 Consider a periodic signal whose period is [0 1 2 3]
Filtered by a FIR filter 
If we want to get the DFT of the input signal we can 
write:
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Example (cont.)
 While the DFT of the filter will be:

 And the product of each element of H by the 
corresponding element of X will be:
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Inverse DFT
 The inverse of the W matrix will be equal to its 
conjugate transpose divided by N, for example for N=4

 The iDFT for the previous example will then be:
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Example (cont.)
 The previous result is exactly what we would obtain 
using the convolution of the periodic signal x(n) with 
h(n):
the circular convolution will give:

0,1,2,3,0,1,2,3,0,1,2,3, 0,1,2,3,0,1,2,3 with [1, ‐1] =
= [‐3, 1, 1, 1].



Periodicity assumption



Periodic extension



Periodicity in the frequency
domain



Properties of the DFT



Properties of the DFT



Time shift property



On the circular time shift property



Periodicity



Circular (periodic) convolution



Circular convolution with a delayed 
impulse sequence



Circular convolution of two 
rectangular pulses



Circular convolution of two 
rectangular pulses



Linear convolution using the DFT



Linear convolution of two finite‐
length sequences





Linear convolution of two finite‐
length sequences



Convolution by sectioning (OLA, 
Overlap and Add)



Overlap and Add (Cont.)



Overlap and Add (Cont.)





Overlap and Add (Cont.)



Overlap and Save



Overlap and Save (cont.)

Decompose x[n] into 
overlapping sections of 
length L



Overlap and Save (Cont.)

Result of circularly convolving each 
section with h[n]. The portions of 
each filter section to be discarded in 
forming the linear convolution are 
indicated


