
Digital Filter Design
Simple FIR Filter Design using the Impulse Invariant Method

1. Design a low pass finite impulse response filter (FIR) using the impulse invariant method, that cuts off at =0.18. (Let N=9)

Draw the sketch using normalised frequencies



Magnitude


1


B=0.36


Normalised Frequency



0.18
-0.18
-0.5
0.5
0



Step 2:

Calculate Alpha




Step 3

Calculate the set of filter values




And substitute calculated values:




Step 4:

Create table of coefficients

	k
	


	0
	-0.0782

	1
	-0.0264

	2
	0.1226

	3
	0.2880

	4
	0.3600

	5
	0.2880

	6
	0.1226

	7
	-0.0264

	8
	-0.0782





Digital Filter Design
FIR Windowed Filter Design using the Impulse Invariant Method


Design an N=9 finite impulse response (FIR) filter (use the Impulse Invariant method) that is high pass with a cut on frequency of  Hz and a sampling frequency of  Hz.  Use a Hamming window (equation 1) in your design.


     Equation 1
(12 marks)
Answer

Step 1:

Draw a sketch of the analogue filter response 
Magnitude

1




Frequency (Hz)
2500Hz


0.5 marks
Step 2:
Convert any frequencies to normalised frequency

0.5 marks




Step 3:
Redraw the sketch using normalised frequencies and design the low pass filters needed to achieve the end result.
Magnitude

Desired Filter, Ha


Normalised Frequency
1


0
-0.5
0.5
0.25
-0.25

Filter, Hb


Normalised Frequency
1


0
-0.5
0.5
0.25
-0.25


Filter, Hc: ALLPASS
1


Normalised Frequency


0
-0.5
0.5
0.25
-0.25


2 marks





Step 4:
State the design equations and substitute values:
This high pass filter needs to be created by subtracting filter b, Hb from filter c, Hc. This relationship applies in both time and frequency domains.
Giving the time domain equation:


The general design equation for a filter is given by:


Which gives


Where 


For filter b




Filter c is an ALLPASS filter and has a well known response so doesn’t separate calculation
3 marks


Step 5:
Calculate the filter coefficients
	k
	

	

	


	0
	0
	0
	0

	1
	0
	-0.1061
	0.1061

	2
	0
	0
	0

	3
	0
	0.3183
	-0.3183

	4
	1
	0.5
	0.5

	5
	0
	0.3183
	-0.3183

	6
	0
	0
	0

	7
	0
	-0.1061
	0.1061

	8
	0
	0
	0






3 marks




Step 6
Calculate the window coefficients and apply to the filter by multiplying the window coefficient column with the filter column.







	k
	

	

	


	0
	0
	0.1077
	0

	1
	0.1061
	0.3100
	0.0329

	2
	0
	0.6199
	0

	3
	-0.3183
	0.8924
	-0.2841

	4
	0.5
	1.0
	0.5

	5
	-0.3183
	0.8924
	-0.2841

	6
	0
	0.6199
	0

	7
	0.1061
	0.3100
	0.0329

	8
	0
	0.1077
	0



The design is now complete!
3 marks
TOTAL = 12 marks
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