
Filter Analysis

1 Digital filters

      

            =>    

          
        
         (a)  Unity gain filter 
 

  
(b) Simple gain filter

 
 

         (c)    Pure delay filter 
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(d) Two-term difference filter:

       

            (e)   Two-term average filter 



 

      (f)  Central difference filter 

          



   (2) Order of a digital filter
 

   Thus

Examples (a) and (b) above are zero-order filters;
Examples (c) and (d) above are first-order filters;
Examples (d) and (e) above are second-order filters;

(3) Digital filter coefficients

(4) Recursive and non-recursive filters

(5) Example of a recursive filter





    
 

    

     

      



     



    The general form of the transfer function of a nth-order recursive filter 
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           Any a filter can be expressed in form of transfer function. For example,

                  

              
            

 
Matlab Analysis

Function name for filter analysis is “filter”

Y = FILTER(B,A,X) filters the data in vector X with the filter described by 
vectors A and B to create the filtered  data Y.  

B, and A are coefficients discussed above, which determine properties of the 
designed filter. For different purposes (such as low-pass, high-pass and 
band-pass), different A and B should be chosen. There are many methods to 
design a specific filter. The typical one is called the Butterworth digital and 
analog filter design. In Matlab, the function name is  “butter” 

       [B,A] = BUTTER(N,Wn) designs an Nth order lowpass digital Butterworth 
filter and returns the filter coefficients in length N+1 vectors B (numerator) 
and A (denominator). The coefficients are listed in descending powers of z. 
The cutoff frequency Wn must be 0.0 < Wn < 1.0, with 1.0 corresponding to

        half the sample rate.   If Wn is a two-element vector, Wn = [W1 W2], 
BUTTER returns an order 2N bandpass filter with passband  W1 < W < W2.
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          [B,A] = BUTTER(N,Wn,'high') designs a highpass filter.
          [B,A] = BUTTER(N,Wn,'low') designs a lowpass filter.
          [B,A] = BUTTER(N,Wn,'stop') is a bandstop filter if Wn = [W1 W2]. 

         (Signal Processing Toolbox) 
      


