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FT221.4:



SIGNALS AND SYSTEMS LABORATORY.



Design of FIR Digital filters.



Objectives: Investigate the use of the Fourier Series method to design FIR filters. 1. Determine the coefficients of an FIR filter using the MATLAB command: b=fir1(N,wc). a. Examine the effect of the filter order (N) on the frequency response b. Observe the effect of the use of different window functions. 2. Meet a given specification using the window method with a ‘trial and error’ approach. 3. Investigate the step response of the filter. Procedure: 1. (a) Write an m-file to determine the coefficients of an Nth order, FIR, Rectangular window, digital low-pass filter, which meets the simple specification given below, using the window design method. Use the MATLAB command b= fir1(N,wc,’low’,rectwin(N+1)). (use: >>help fir1 to examine the syntax for using the command). Plot the magnitude frequency response of the filter in magnitude and dBs with a linear frequency scale between zero and the sampling frequency. Compare the frequency response of filters with N=10,20,60,120. Main functions required are: fir1, freqz, plot, axis, hold. Specification: Cutoff frequency 10 kHz Sampling Frequency 40 kHz NOTE: Pay particular attention to the way MATLAB normalises frequency in terms of half the sampling frequency. (b) (i) Adjust your m-file to produce equivalent results for either the Hamming or Hanning windows.



____________________________________________________________________________ Signals and Systems Laboratory/rgh,wtg/oct 2003



Signals and Systems Laboratory, School of Control Systems and Electrical Engineering. ________________________________________________________________________



(ii) For a given value of N, say N = 60, compare the frequency response performances of the rectangular window, the Hamming window and the Hanning window.. 2. Design an FIR filter to meet the specification shown in the table below. Specification: Passband edge 1.5 kHz Transition Frequency 0.5 khz Passband ripple 1dB Stopband attenuation >40dB Sampling Frequency 8 kHz



Use a trial and error approach as outlined below:  Choose an initial guess at N, the order of the filter, fc, the pass-band edge frequency and the window type based on your experience from parts 1 and 2. 



Use the MATLAB lines below to draw the filters specification for comparison checking purposes. Fspec1=[0 1500 1500 0];Fspec2=[2000 2000 4000]; Mspec1=[0 0 –1 –1];Mspec2=[-80 -40 -40]; plot(Fspec1,Mspec1,’r’);hold on; plot(Fspec2,Mspec2,’r’);







Superimpose the designed filter’s frequency response on the specification.



What are the values of N and cut-off frequency of a filter which best meets the specifications? 3. Determine the step-response of the filter designed in 3 above. Use the MATLAB function filter and m-file code such as: x=ones(1,100); y=filter(b,1,x); plot(y) Comment on the step-response observed.
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