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Fourier Analysis of Signals  

Using the DFT 

 Fourier Analysis of Signals 
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 DFT Analysis of Sinusoidal Signals 

 Effect of Windowing 

Given a continuous-time signal )cos()cos()( 111000   tAtAtsc  

Assume ideal sampling with no aliasing and no quantization error 
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After windowing 
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Reduced resolution: influenced primarily by the width of the main lobe of W(ejw). 

Leakage: depend on the relative amplitude of the main lobe and the side lobes of W(ejw). 
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 Effect of Spectral Sampling 

After DFT, we obtain samples of V(ejw) at the N equally spaced discrete-time frequencies 
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     (Assume N is even) 
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Example:   Spectral Sampling with Frequencies Matching DFT Frequencies 
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Example:   DFT Analysis of Sinusoidal Signals Using a Kaiser Window 

)
15

4
cos(][75.0)

14

2
cos(][][ nnwnnwnv KK


  

Kaiser window: 48.5  
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Example:   DFT Analysis with 32-point Kaiser Window and Zero-Padding 
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Example:   Oversampling and Linear Interpolation for Frequency Estimation 
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 Time-Dependent Fourier Transform 
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The time-dependent Fourier transform can be interpreted as the output of a linear 

time-invariant filter with impulse response ][nh , or equivalently, with frequency 

response 

)()( )( wjjw eWeH  

  

 

 

Remark: Another definition of time-dependent Fourier transform. 
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 Effect of the Window 

Assume the window is unity for all m; i.e., assume there is no window at all. 
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The ability to resolve two narrowband signal components depends on the width of the main 

lobe of the Fourier transform of the window, while the degree of leakage of one component 

into the vicinity of the other depends on the relative side-lobe amplitude. 

 

 Sampling in Time and Frequency 

Suppose the window has length L with samples beginning at m = 0. 

0][ mw     outside the interval   

If we sample X[n,) at N equally spaced frequencies Nkk  2 , with N  L. 
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Using the inverse DFT, we have 
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Remark:  N  L  R 
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Example: Speech signal  “Two plus seven is less than ten”. 
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