
ELEC 6601– Digital Signal Processing 

Lab #5 
 
FIR bandpass filter design using window functions  

1. Using Hamming, Blackman and Kaiser window functions, design a bandpass filter that has the 
following specifications, 
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a) Plot the resulting amplitude responses corresponding to the three designs. 
b) Which windowing function leads to the filter with lowest order? 
 
Hints:  

• Plot the frequency responses in linear scale, not in decibels.  
• You may include the following script to plot the filter specifications: 

 
• You can use the Matlab commands for window functions:  hamming(M), hanning(M), 

blackman(M), kaiser(M, beta)  
 
 
 

ws1 = 0.2; wp1 = 0.3; 
wp2 = 0.7; ws2 = 0.8; 
Hpb = 0.97; Hsb = 0.03; 
 
W = 0:pi/1024:pi - pi/1024; 
figure; hold on 
plot(W/pi,ones(1,length(W)),':r') 
plot(W/pi,Hpb*ones(1,length(W)),':r') 
plot(W/pi,Hsb*ones(1,length(W)),':r') 
plot([wp1 wp1],[0 1],':r') 
plot([wp2 wp2],[0 1],':r') 
plot([ws1 ws1],[0 Hsb],':r') 
plot([ws2 ws2],[0 Hsb],':r') 
plot(W/pi,Hsb*ones(1,length(W)),':r') 



 
Design of a Hilbert transformer  

2. Using Hanning window and Kaiser window, design a digital Hilbert transformer. The ideal 
frequency response of a linear-phase Hilbert transformer is given by, 

                                     𝐻𝐻𝑑𝑑�𝑒𝑒−𝑗𝑗𝑗𝑗� =  � 
−𝑗𝑗              0 < 𝜔𝜔 < 𝜋𝜋
𝑗𝑗           − 𝜋𝜋 < 𝜔𝜔 < 0  

 
Choose M=24 and M=25.  

a) Plot the resulting amplitude responses and the impulse responses.  
b) Which M results in a better approximation to the ideal Hilbert transformer? Why? 
c) Which window function results in a better approximation to the ideal Hilbert transformer? 

Why? 
 
Hint: You can find the impulse response of the filter in Eq. (12.64) of the textbook. 
 

Identification of sinusoidal spectrums using DFT 

3. Consider the sequence x(n)=cos(0.48πn)+cos(0.52πn). We want to determine its spectrum 
(amplitude of DFT values) based on the finite number of samples. 

a) Taking the first 10 samples of x(n), 0≤n≤9, calculate and plot the 10-point DFT of x(n). 
b) Using the 10 samples in part (a), calculate and plot the 100-point DFT. 
c) Taking the first 100 samples of x(n), 0≤n≤99, plot the 100-point DFT of x(n). 
d) Plot the 200-point DFT of x(n) by using 200 samples. 
e) Discuss the results. 
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