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IIR Digital Filter Design 

Objectives:


1. To determine specifications needed for IIR filter design.

2. To learn how to design and implement IIR filters using MATLAB.  

Introduction:


IIR filters have infinite-duration impulse responses, hence they can be matched to analog filters, all of which generally have infinitely long impulse responses. Therefore the basic technique of IIR filter design transforms well-known analog filters into digital filters.


Typically, specifications of IIR filters are shown in the relative linear scale as below
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, respectively, of the dB scale. These relations are given by
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The ripples, 
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In MATLAB, there are 4 functions to design digital lowpass filters. These same functions can also be used to design highpass, bandpass and bandstop filters. For purpose of illustration we will use the function butter. It can be used with the following variations in its input arguments.

· [b, a] = butter(N, wn) designs an Nth-order lowpass filter with the cutoff frequency wn in units of 
[image: image11.wmf]p


· [b, a] = butter(N, wn, ‘high’) designs an Nth-order highpass filter with the cutoff frequency wn in units of 
[image: image12.wmf]p


· [b, a] = butter(N, wn) designs an order 2N bandpass filter if wn is a two-element vector, wn = [w1, w2], with 3-dB passband w1 < w < w2 in units of 
[image: image13.wmf]p


· [b, a] = butter(N, wn, ‘stop’) designs an order 2N bandstop filter if wn = [w1, w2] with 3-dB stopband w1 < w < w2 in units of 
[image: image14.wmf]p


To design any frequency-selective Butterworth filter, we need to know the order N and the 3-dB cutoff frequency vector wn. With its Signal Processing toolbox, MATLAB provides a function called buttord to compute these parameters. Given the specifications, 
[image: image15.wmf]s
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, this function determines the necessary parameters. Its syntax is

[N, wn] = buttord(wp, ws, Rp, As)
The parameters wp and ws have some restrictions, depending on the type of filter:

·  for lowpass filters wp < ws,

· for highpass filters wp > ws,

· for bandpass filters wp and ws are two-element vectors, wp = [wp1, wp2] and 
ws = [ws1, ws2], such that ws1 < wp1 < wp2 < ws2, and

· for bandstop filters wp1 < ws1 < ws2 < wp2.

Now using the buttord function in conjunction with the butter function, we can design any Butterworth IIR filter. Similar discussions apply for cheby1, cheby2, and ellip functions corresponding to Chebyshev-I, Chebyshev-II and Elliptic IIR filters, respectively.

Experiment:

1. For the given specifications
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Enter the following commands as design steps of the digital Butterworth lowpass filter.

>> wp = 0.2*pi;

>> ws = 0.3*pi;

>> Rp = 1;

>> As = 15;

>> [N, wn] = buttord(wp/pi, ws/pi, Rp, As);

>> [b, a] = butter(N, wn);

2. Find the order and the cutoff frequency of the designed filter in (1). Then use the function freqz_m from the previous experiment plot the magnitude response, the phase response, the magnitude in dB, and the group delay of the filter.


3. For the given specifications
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Enter the following commands as design steps of the digital Chebyshev-I highpass filter.

>> wp = 0.6*pi;

>> ws = 0.4586*pi;

>> Rp = 1;

>> As = 15;

>> [N, wn] = cheb1ord(wp/pi, ws/pi, Rp, As);

>> [b, a] = cheby1(N, Rp, wn, ‘high’);

4. Find the order and the cutoff frequency of the designed filter in (3). Then use the function freqz_m from the previous experiment plot the magnitude response, the phase response, the magnitude in dB, and the group delay of the filter.


5. For the given specifications
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Enter the following commands as design steps of the digital Chebyshev-II bandstop filter.
>> ws = [0.4*pi 0.7*pi];

>> wp = [0.25*pi 0.8*pi];

>> Rp = 1;

>> As = 40;

>> [N, wn] = cheb2ord(wp/pi, ws/pi, Rp, As);

>> [b, a] = cheby2(N, As, ws/pi, ‘stop’);

6. Find the order and the cutoff frequency of the designed filter in (5). Then use the function freqz_m from the previous experiment plot the magnitude response, the phase response, the magnitude in dB, and the group delay of the filter.


Questions:

1. Design the digital Elliptic lowpass filter with the following specifications
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and then apply the designed filter to the signal saved in the file lab4sig.mat and plot the output compared to the input signal.



Nawapak Eua-anant and Rujchai Ung-arunyawee

17 January 2549

Name:______________________________________________________________ID:________________

In class assignment DSP08

1. Explain advantages and disadvantages of IIR Filters compared to FIR filters

2. For given IIR filter coefficients, B and A, and input signal x, write MATLAB command  used to filter the signal.

3. What knowledge do you get from this lab?
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