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1 Pre-Lab

1.1 Creating FIR Filter with PeZ

With the given FIR system H(z) = 1—2"!+ 272 implement the FIR system
using the PeZ demo.

One can simply factor the system to get a function that can be used to
find the zeros and poles of the system.

Hz) =1-z"1+2z72

Hz)=z-z+13
The poles are found from the denominator of the fraction and the zeros
are found from the numerator. In this case one can find 2 zeros as seen below.

b4va 14V

Using these zeros one can place the 2 zeros using the PeZDemo Tool as

seen below.
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Figure 1: Pole-Zero and Magnitude Response
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1.2 FIR Filter with Many Zeros

1-— -6
H@)= . o))

To determine the zeros and poles one must once again find the zeros of
the numerator and denominator.

Numerator Zeros
1 -1 V-2-2jV3 _V/-2-2jV3 V-2+2V3 \/-2+2;V3
y 4y 2 [ P] ) 2 ) 2

Denominator Zeros (Poles)
1

In this case this function involves a numerator-denominator cancellation
that removes the zero at z=1 resulting in the following roots of the function
overall.

Zeros

1 V-2-2jV3 V/-2-2;V3 V-2+2jV3 /-2+2;V3
) 2 ’ 2 ’ 2 ’ 2

Placing these points on the PeZ will give one the following graphs.
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Figure 2: Pole-Zero and Magnitude Response

One can then look at the Magnitude Response graph to find the various
points where the filter nulls the frequency.

List of Nulled Frequencies
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1.2.1 Filter with Six Zeros

Using the numerator of the previous filter as the entire system function yields
these results. One can see the plots of the filter below.
H(z)=1-2z"%
Zeros
V-2-2iv3 _V-2-2iv3 V-2+2iv3 _V-2+2iV3
17_ 1’ P I 92 ’ 2 T 2
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Figure 3: Pole-Zero and Magnitude Response

One can see that this is a comb filter by looking at the shape of the mag-
nitude response graph and how it resembles a comb.

List of Nulled Frequencies
,%7%’_7[’%’_1’”

Moving the zero that was -1 to 1 yields this system function

H(Z)=1-22"1+2:2-2,342,4-2,541,76 (2)

and creates the following graphs.
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Pole-Zero Plot Magnitude Response
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Figure 4: Pole-Zero and Magnitude Response

One can see that this is a high pass filter based on the magnitude re-
sponse graph and the location of the zeros in the pole-zero plot.
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1.3 Real Poles

Placing zeros at z = 1 and placing a pole at z = _71 yields the following graphs
and equation.
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Figure 5: Pole-Zero and Magnitude Response
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Figure 6: Pass Band Regions

When moving the pole the frequency response becomes sharper in way.
This continues until the pole is then moved outside of the unit circle. When
this happens the filter becomes unstable. One can see the magnitude re-
sponse "blow up" as the scale of the chart increases. To guarantees system
stability one must place the zeros inside of the unit circle so the output doesn’t
blow up.

Movement Video Link

1-271
HGz)= —— 3
@)= 17051 @)


https://rosehulman-my.sharepoint.com/:v:/g/personal/manthelt_rose-hulman_edu/EVCm3rx7DtdOspl4HhI1l8QByyK-xpe2hvZw-OUhD-L53g?e=TIKlWD
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1.4 Creating a First-Order IIR Filter with PeZ

1-271
A& =1 5e. @
One will find a Zero at 1 and a Pole at -0.9.
One can see below that moving the pole from -0.9 which is a high pass
filter changed the range of frequencies that are passed and turns it into a

filter which rejects frequencies that are zero in this case.

Movement Video Link

1.5 Creating a Second-Order IIR BPF with PeZ

zZ)=
1+0.8271+0.64272

Factoring the system and solving for the poles and zeros gives these val-
ues

Zeros
1,-1

Poles
-0.4000000000 + 0.6928203230j, -0.4000000000 - 0.6928203230j
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Figure 7: Pole-Zero and Magnitude Response

One can clearly see by the magnitude response that this is a band pass
filter.


https://rosehulman-my.sharepoint.com/:v:/g/personal/manthelt_rose-hulman_edu/EbAGNOfYub5BnWAIQxWBzgEBhUUA897pPOf4n2lolYYbSA?e=7aUhHm
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1.6 Using Poles to Create Filters that are Not Bandpass Fil-
ters
64 +80z71 +100272

H(z) = 6
&)= 1708-17 06642 )

Zeros
5 5i 5 5i
5 EV3-g-FV3
Poles
-0.4000000000 + 0.6928203230j, -0.4000000000 - 0.6928203230j

H() = 64 4 802! + 10022
T 1+082 T +0.6422
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Figure 8: PeZ Screen
The gain was set to 64 for the coefficients to be correct in the numerator.
Looking at the magnitude Response one can see that this filter simply
passes through values. Moving the zeros to the unit circle allows you to null

those certain frequencies. In this case it was i%. Below is a link to a video
showing this movement.

Video Link


https://rosehulman-my.sharepoint.com/:v:/g/personal/manthelt_rose-hulman_edu/ES4eV6LI2RRKqvGL4_cQnFwBxPXFt7t1Eu31RZNIqR43LA?e=R2GSfc
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2 Lab Exercise

2.1 IIR Allpass Filter
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Figure 9: All Pass Filter PeZ Demo Screen

H(z)=

8 —8.8889271 +(9.8765 - 4.2762¢ —9)z 2

1-0.8982"1+0.8084422

2.2 IIR Notch Filters

(7

1—1.414z7' 4+ 0999722

H(z)= ———— T 2202
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Figure 10: IIR Notch Filter
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1-1.4142"1+0.9997272
1-1.3422-1+0.900482z2

(8)

2.3 IIR Filter Implementation

1000| %% Section 2.3

002|n = 1:51;
hh = filter([1,21,[1,-0.9],[1,zeros(1,50)1)
1004| stem (n,hh) ;

H[m

Figure 11: Stem Plot
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2.4 Notch Filter Removes Sinusoidal Interference

2.4.1 PartA

% fs = sampling frequency in Hz
fs = 8000;

% fint = frequency of the interfering sinusoid (near 50 or 60 Hz)
fint = 60;

% IDstring = your login ID as a string, e.g., gburdell7 or
gtgh55q
IDstring = ’'gburdell7’

% dur = duration of the signal (optional); default = 15 secs.
dur = 9;
SIG = ECGmake(IDstring, dur);

% Plotting the signal
plot ([1:1length (SIG)1,SIG)
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Figure 12: ECG Make Full Signal No Filter Applied

ECG Make was ran for 9 seconds with a 60Hz interference generating
6750 points making a sampling rate of 750 Hz.

10
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2.4.2 PartB

One can use the formula below to determine the frequency to remove the
interference.

fint

7s 9
2

In this case the frequency that should be nulled is 0.16 n. Using this
one can easily determine the pole and zero placement for the previously used
notch filter.

Zeros: e*/? Poles: re*/?
In this case r = 0.9 was used and that created the following pole zero
diagram and magnitude response.
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Figure 13: Pole-Zero Plot and Magnitude Response

2.4.3 PartD

1-1.752z"1+0.998742 2
H(z)= ad id (10)
1-1.57722-1+0.81172z2

% This code shows the filter coefficients being applied to a filter
% that takes in the signal and then proceeds to plot it
plot(filter([1,—1.752,0.99874],[1,—1.5772,0.81172],SIG))

244 PartE

9% Sub Plots
figure;
subplot(1,2,1)

11
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plot ([1
subplot(1,2,2
plot(filter

:length (SIG) 1,SIG)

)

([1,-1.752,0.9987

4],[1,—-1.5772,0.81172],SIG
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Figure 14: Full Signal Comparison

Figure 15: Zoomed In signal
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