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EECS 20N Lab 8 Report
Introduction
The purpose of the lab is to use Simulink to make a comb filter and other simulink components. Comb filter will help us explore frequency response and impulse response.
In-Lab Analysis
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soundsc(simout)
1b.

y(n) = x(n) + z(n)

z(n) = alpha * y(n-N)

2a.
(The plots are actually 5 seconds, but the required 4-second-plot is included in the 5-second-plot)
The vertical axis of the plots in the In-Lab section has a unit of amplitude, and the horizontal axis has a unit of time in second.
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Gain = 0.9

N (Delay) = 50

Sample time = 1/8000

Simulation time = 4.0

plot([0:1/8000:4], simout)
soundsc(simout)
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2b.
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Gain = 1.1
N (Delay) = 50

Sample time = 1/8000

Simulation time = 4.0

plot([0:1/8000:4], simout)
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2c.
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Gain = 0.9
N (Delay) = 2000

Sample time = 1/8000

Simulation time = 4.0

plot([0:1/8000:4], simout)
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2d.
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Gain = 1.1

N (Delay) = 2000
Sample time = 1/8000

Simulation time = 4.0

plot([0:1/8000:4], simout)
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2e.
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Gain = 1

N (Delay) = 50

Sample time = 1/8000

Simulation time = 4.0

plot([0:1/8000:4], simout)
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2f.
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Gain = 0

N (Delay) = 50

Sample time = 1/8000

Simulation time = 4.0

plot([0:1/8000:4], simout)
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When alpha>1, the output is unstable, when alpha = 1, the system is marginally stable (the signal is oscillating back and forth), and when alpha =0, the output is the same as the input.

When N = 2000, the delay is longer than when N=50. It is like the echo is bounced off from a farther away wall with N=2000 than N =50.

3a.
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Amplitude =1

Period (Number of samples) = 8002 (bigger than 8001)
Pulse width =1

Phase delay = 0

Sample time = 1/8000

Simulation time = 1sec

plot([0:1/8000:1], simout)
soundsc(simout)
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The sound is like flickering a guitar string. The sound decays over time with a constant frequency.
3b.

>> plot([0:1/8000:0.1], simout(1:801))

[image: image16.emf]0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1


From the plot, we see the period is 0.005 seconds, so the fundamental frequency is 200Hz. This is not a musical note.
4a.
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Gain = 0.99

N (Delay) = 40

Sample time = 1/8000

Simulation time = 1sec

Simulation parameter -> Type -> fixed step

Initial condition of delay block = randn(1,40)
>> plot([0:1/8000:0.1], simout(1:801))
soundsc(simout)
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The sound is richer, less mechanic, louder, and more interesting. The sound has the same frequency, that is the same period and frequency as that of an impulse response.
Independent Analysis
1. 
%Plotting 800 samples, the range of the frequency is 0Hz to 4kHz, that is with w from 0 rad/sec to 2*pi*4000/8000 rad/sec
N= 40;

alpha = 0.99;

w = 0:(2*pi*4000/8000)/800:(2*pi*4000/8000);

magnitude = 1./(1-alpha*exp(-i*w*N));

plot(w, magnitude);
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The vertical axis is the amplitude, and the horizontal axis is the frequency in omega (rad/sec).
The frequency response has a fundamental frequency of 0.157 rad/sec, which is around 0.157/(2*pi)*8000 = 199Hz. This is why the sound of the frequency response is like the frequency of 200Hz for the In-Lab Section. The fundamental frequency should be (sample frequency)/(delay in the feedback loop) = 8000/40 = 200Hz.
The reason that this system is called a comb filter is that it filters out certain frequency by adding a slightly delayed version of the same signal, which causes destruction on the signal. However, if the delayed one is in phase with the original signal, a sharp rise occurs. As a result, the amplitude-frequency plot looks like a comb.
Conclusion:
We use y(n) = x(n) + alpha*y(n-N) to construct an echo, sounds in a sewer pipe, and sound of a guitar string, and a comb filter. If the precise values of the gain and delay is available, the desired frequencies can be distinguished. 
