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EECS 20N Lab 5 Report
Introduction
The purpose of this lab is to construct sound waveform using MatLab. In the independent section, we study using difference equation to generate sound waveform. Elementary complex measures are introduced. The principal new MatLab skill developed through this lab is matric operations.

In-Lab Analysis

1b.

M=[1 1; 0 1];

M^25

2a.

b=[2;3];

M=[1 1; 0 1];

M*b %works

b*M %does not work

2b.

b'*M

M*b'

%M has 2 columns, but b' has only 1 row.

3.

function out = diffeqn(in, sigma, omega)

M = sigma*[cos(omega), -sin(omega); sin(omega), cos(omega)];%given

b = [0;1];%given

c = sigma*[-cos(omega); sin(omega)];%given

%zero response, so intial state is 0

state = [0;0];%given

for i=1:length(in)


out(i) = c'*state;


state = M*state + b*in(i);

end

path(path, 'U:\Lab05\InLab\');

in = [1, zeros(1,99)];

subplot(3,1,1); plot(diffeqn(in, 1, pi/8));

subplot(3,1,2); plot(diffeqn(in, 0.95, pi/8));

subplot(3,1,3); plot(diffeqn(in, 1.05, pi/8));

%sinusoid when sigma =1

%others are sinusoidal x exponential. 

%3d. sigmaa=1 is periodic with period of 16 samples

%3e. sigma =0.95 is stable, and sigma=1.05 is unstable. Sigma =1 is oscillating.
Independent Analyssis
　The calculation is done on the hand-written paper attached.

1. The same function used in In-Lab portion is used. The matrices are the same.
function out = diffeqn(in, sigma, omega)

M = sigma*[cos(omega), -sin(omega); sin(omega), cos(omega)];%given

b = [0;1];%given

c = sigma*[-cos(omega); sin(omega)];%given

%zero response, so intial state is 0

state = [0;0];%given

for i=1:length(in)


out(i) = c'*state;


state = M*state + b*in(i);

end

%OUTPUT

>>in = [1, zeros(1,7999)];

>> test = diffeqn(in , exp(-5/8000), 2*pi*440/8000);
>>sound(test);
2. 

function y = guitarString

x = zeros(1, 160000);

for n = 0:15999


if ((mod(n,16000)) == 0)



x(n+1) = 1;


else



x(n+1) = 0;


end

end

%OUTPUT

y= diffeqn(x , exp(-5/8000), 2*pi*440/8000);
sound(y)
3.

For the lab portion,

exp(-5*n/8000)*sin(2*pi*440*n/8000)

there are one evaluation for exp, and the value will be stored as sigma, and similarly, one evaluation for sin because the value will be stored as a constant as well. So that is 40 multiplication and 30 additions. The sin and exp is each multiplied with each n, so that is 2 more multiplications. The results of exp(-5*n/8000) is multiplied to sin(2*pi*440*n/8000), so another multiplication. Therefore, the total is 43 multiplications and 30 additions. For 8000 samples, there are 8000 x 43 = 344,000 multiplications and 8000 x 30 = 240,000 additions.

For the independent section,
Inside the for-loop:


out(i) = c'*state;


state = M*state + b*in(i);

There are 6 multiplications and 4 additions for each new “state”, since the program has already stored the values of the sinusoidal waves. Similarily, there are 2 multiplications and 1 additions for the output “out(i)”. The total is 8 multiplications and 5 additions. Thus, for 8000 samples, there are 8000 x 8 =64,000 multiplications, and 8000 x 5 = 40,000 additions.
The method is the independent section is almost an order of magnitude more efficient.

Conclusion:

Convolution sum of impulse response in the form of s(n+1) = A s(n) + b x(n) and y(n) = cT s(n) + d x(n) and y(n) = cT s(n) + d x(n) were studied in this lab, and the calculation is significantly more efficient that straight equations such as exp(-5*n/8000)*sin(2*pi*440*n/8000).

