ECE 306L - DIGITAL FILTERS-LAB 6
SIMPLE RECURSIVE DIGITAL FILTERS

SPRING 2007 FELZER/KANG

OBJECTIVE

The objective of thislab isto use Simulink to obtain the frequency responses of some simple
recursive digita filters.

PRELAB
1. Given arecursivedigitd filter with the following difference equation

Q@

y[n] = 0.9y{n - 1]+ 0.05x[n] + 0.05x[n - 1]
Find H(z) =2
X(2)
Find the frequency response

H(e'™"") = H(@),-groons

Use H(ej 2efl fS) to obtain an equation for the sinusoidal steady state response y{n] when
x(t) =5c08(2p2000t) issampled at f, =10 samples/sec

Use Matlab to cdculate |H(é 2ot )l at ten representative frequencies for when

f. =10*samples/sec
Use Matlab to obtain afull page plot of the magnitude of the frequency response as
follows

H(e™7e) for - fj2EF £1)2

for f,=10"samples/sec

Verify that your calculationsin part (d) agree with your graph in part (€)
Isthisfilter lowpass, highpass or bandpass. How can you tell

Draw a Simulink block diagram of delays, multipliers and adders for realizing the
difference equation for when x[n] isasinusoid

2. Given adigital filter with the following transfer function

Y(z)=b z-1

H@=%3~ "> 270s

a. Find the frequency response

H(eJ 2pf] fs) =H (Z)lZ:ejzprfs

b. Find b, so the gain H(e'*"!") isequal to onewhen f = f /2

C.

Use H(ej 2°fl fS) to obtain an equation for the sinusoidal steady state response y[n] when
X(t) =5c08(2p2000t) sampled at f, =10*samples/sec
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Use Matlab to caculate |H(é 2ot )| at ten representative frequencies for when

f. =10*samples/sec
Use Matlab to obtain afull page plot of the magnitude of the frequency response as
follows

[H(e7") for - fj2£f ££/2

for f,=10"samples/sec

Verify that your calculationsin part (d) agree with your graph in part (€)
Isthisfilter lowpass, highpass or bandpass. How can you tell

Find the difference equation for thisfilter

Draw a Simulink block diagram of delays, multipliers and adders for realizing the
difference equation for when x[n] isasinusoid

3. Given adigitd filter with the following transfer function

Y@ _, _ (@+DE-1

H(Z) = X ~— Mo . .
(2 (z+j0.9)(z- j0.9)

Find the frequency response
H(ej 2pf] fs) — H (Z)lZ:ejzpflfs

b. Find b, sothegainisequal to onewhen f = f /4
c. Use H(ej 2t fs) to obtain an equation for the sinusoidal steady state response y[n] when

— Q™
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x(t) =5c08(2p2000t) sampled at f, =10*samples/sec

Use Matlab to calculate |H(é 2ot )| at ten representative frequencies for when

f, =10"samples/sec
Use Matlab to obtain afull page plot of the magnitude of the frequency response as
follows

[H(e% ") for - fj2£f £1,/2

for f, =10"samples/sec

Verify that your calculationsin part (d) agree with your graph in part (€)
Isthisfilter lowpass, highpass or bandpass. How can you tell

Find the difference equation for thisfilter

Draw a Simulink block diagram of delays, multipliers and adders for reaizing the
difference equation for y[n] when x[n] isasinusoid

1. For the difference equation of Problem (1) asfollows

y[n] = 0.9y[n - 1] + 0.05x[n] + 0.05x[n - 1]

with f_ =10"samples/sec



a. Use Simulink to obtain the sinusoidal steady state responses at the frequencies you chose
in Prelab Problem (1d). Putboth Xq,,(t) and yg,(t) through lowpass analog filters as

follows
Input Zero Order S Difference | 5, | Lowpass _)_y(t)
Sinusoid 3 Hold Equation Filter

Lowpass | X(t)
Filter [—>—

to obtain the sinusoids for calculating the gainsin part (b) below. Make screen captures at
low, medium and high frequencies of both x(t) and y(t) . Be sureto set the sample time
of the zero order hold

b. Use your Simulink resultsto calculate |H(ej2p vt )l for each of your sinusoids. Put your
resultsinaTable
c. Put your values of |H(ej 2ot )l on your Matlab graph from the prelab

2. For the difference equation of Problem (2) with f_ = 10" samples/sec

a. Use Simulink to obtain the sinusoidal steady state responses at the frequencies you chose
in Prelab Problem (2d). Put both X, (t) and yq,(t) through analog lowpassfiltersto

obtain the corresponding sinusoids. Make screen captures at low, medium and high
frequencies

b. Use your Simulink results to calculate |H(ejzp s )| for each of your sinusoids. Put your
resultsinaTable
c. Put your values of |H(ej 2ot )l on your Matlab graph from the prelab

3. For the difference equation of Problem (3) with f_ =10"samples/sec

a. Use Simulink to obtain the sinusoidal steady state responses at the frequencies you chose
in Prelab Problem (3d). Put both xg,,(t) and yg,(t) through analog lowpass filtersto

obtain the corresponding sinusoids. Make screen captures at low, medium and high
frequencies

b. Use your Simulink resultsto calculate |H(ej2p vt )l for each of your sinusoids. Put your
resultsinaTable
c. Put your values of |H(ej 2ot )l on your Matlab graph from the prelab

POSTLAB

1. Compare your Matlab and Simulink results for |H(ej2p s )l for each of the threefilters

2. Given the following two sinusoids

x,(t) =5cos(2pft) and  x,(t) = 5coq2p(f + £.))
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a Describe how x,(t) and x,(t) arerelated
b. Show that the samples of x,(t) and X, (t) arethe samewith x[n] = x,[Nn]

3. Make use of Problem (2) to explain why |H(e12pf’f5)| is periodic with period f,

4. Sketch the frequency response |H(ej2p f”S)| for each of the following filtersfor - 2f_£ f £2f,

a Lowpass
b. Highpass
c. Bandpass



