%&ECG680 DSP

%VATLAB Assi gnnent 2
%Subm si son by M nsung Cho
%®at e: 10/ 10/ 2020

% 1. a.

cl earvars

xa=[11111];

nxa = 0:4;

[yl, nyl] = convol ve(xa, nxa, xa, nxa);

figure(l)

subpl ot (3,1, 1)

stem(nyl, y1)

axis([mn(nyl)-1 , max(nyl)+1, mn(yl)-1, max(yl)+1])
grid on

title('y_1[n]=x[n]*x[n]"', 'fontname', 'Comc Sans M5, 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3,1, 2)

st em( nxa, xa)

axis([mn(nyl)-1 , max(nyl)+1, mn(yl)-1, max(yl)+1])

grid on

title('x[n]', 'fontnanme', 'Comic Sans M5, 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3,1, 3)

st em( nxa, xa)

axis([mn(nyl)-1 , max(nyl)+1, mn(yl)-1, max(yl)+1])

grid on

title('x[n]', 'fontnanme', 'Comic Sans M5, 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

% 1. a.i

[xaii, nxaii] = shift (xa, -1, nxa);

[y2, ny2] = convolve(xaii, nxaii, xaii, nxaii)

figure(2)

subpl ot (3,1, 1)

stem(ny2, y2)

axis([mn(ny2)-1 , max(ny2)+1, mn(y2)-1, max(y2)+1])

grid on

title('y_2[n]=x[n-1]*x[n-1]"', 'fontnane', 'Com c Sans M5, 'fontsize'
14)

xl abel (" n*, "fontnane', 'Comc Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3,1, 2)




stem(nxaii, xaii)
axis([mn(ny2)-1 , max(ny2)+1, mn(y2)-1, max(y2)+1])
grid on

title('x[n-1]', 'fontnane', 'Comic Sans M5, 'fontsize' , 14)
xl abel (" n*, "fontnane', 'Comc Sans M5, 'fontsize', 14)
yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3,1, 3)

stem(nxaii, xaii)

axis([mn(ny2)-1 , max(ny2)+1, mn(y2)-1, max(y2)+1])
grid on

title('x[n-1]', 'fontnane', 'Comic Sans M5, 'fontsize' , 14)
xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)
%1l a.ii

[xaiii, nxaiii] = shift (xa, 1, nxa);

[y3, ny3] = convolve(xaiii, nxaiii, xaiii, nxaiii)

figure(3)

subpl ot (3,1, 1)

stem(ny3, y3)

axi s([mn(ny3)-1 , max(ny3)+1, mn(y3)-1, max(y3)+1])
grid on

title('y_3[n]=x[n-1]*x[n-1]"', 'fontnane', 'Com c Sans M5, 'fontsize',
14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3,1, 2)

stem(nxaiii,xaiii)

axis([mn(ny3)-1 , max(ny3)+1, mn(y3)-1, max(y3)+1])
grid on

title('x[n+l]', 'fontnane', 'Comic Sans M5, 'fontsize' , 14)
xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)
yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3,1, 3)

stem(nxaiii,xaiii)

axi s([mn(ny3)-1 , max(ny3)+1, mn(y3)-1, max(y3)+1])
grid on

title('x[n+l]', 'fontnane', 'Comic Sans M5, 'fontsize' , 14)
xl abel (" n*, "fontnane', 'Comc Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)
%1l a.iv

[y4, nyd4] = convolve(xaiii, nxaiii, xaii, nxaii)

figure(4)

subpl ot (3,1, 1)

stem(ny4, y4)

axis([mn(ny4)-1 , max(ny4)+1, mn(y4)-1, max(y4)+1])
grid on




title('y_4[n]=x[n+1]*x[n-1]"', 'fontnane', 'Com c Sans M5, 'fontsize'
14)

xl abel (" n*, "fontnane', 'Comc Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3,1, 2)

stem(nxaiii,xaiii)

axis([mn(ny4)-1 , max(ny4)+1, mn(y4)-1, max(y4)+1])
grid on

title('x[n+l]', 'fontnane', 'Comic Sans M5, 'fontsize', 14)
xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)
yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3,1, 3)

stem(nxaii, xaii)

axis([mn(ny4)-1 , max(ny4)+1, mn(y4)-1, max(y4)+1])
grid on

title('x[n-1]', 'fontnane', 'Comic Sans M5, 'fontsize', 14)
xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)
%. b.

ybl = convol ution(yl);
nybl = 1:1ength(ybl);

figure(5)

subplot (2,1, 1)

stenm(nybl, yb1l)

axi s([m n(nybl)-1 , max(nybl)+1, mn(ybl)-1, max(ybl)+1]);
grid on

title('y_bi[n]=inpulse response of y _1[n]', 'fontnanme', 'Com c Sans
ME , 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

%. b. i

yb2 = convol ution(y2);
nyb2 = 1:1engt h(yb2);

subpl ot (2,1, 2)

stenm(nyb2, yb2)

axi s([m n(nyb2)-1 , max(nyb2)+1, m n(yb2)-1, max(yb2)+1])
grid on

title('y_bii[n]=inpulse response of y 2[n]', 'fontnane', 'Com c Sans
ME , 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comc Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

%.c.

ycl = conv(xa, xa);
nycl = 1:length(ycl);

%4. c. i




yc2 = conv(xaii, xaii)
nyc2 = -5:3;

figure(6)

subplot (2,1, 1)

stenm(nycl, ycl)

axi s([mn(nycl)-1 , max(nycl)+l, mn(ycl)-1, max(ycl)+1]);
grid on

title('y_ci[n]=x[n]*x[n] using conv funciton', 'fontname', 'Com c Sans
ME , 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (2,1, 2)

stem(nyc2, yc2)

axi s([mn(nyc2)-1 , max(nyc2)+1l, mn(yc2)-1, max(yc2)+1]);
grid on

title('y_cii[n]=x[n-1]*x[n-1] using conv funciton', 'fontnanme', 'Comc
Sans M5, 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

cl earvars

%. b.

wu = pil/4;

w = 0;

N = 15;

[y2bi, ny2bi] = FIRdesign(wl, wu, N);
[y2b1l, wl] = freqz(y2bi, 1, ny2bi);

figure(7)

subpl ot (3, 2, 1)

st em( ny2bi, y2bi)

axi s([m n(ny2bi) , max(ny2bi), mn(y2bi), max(y2bi)]);

grid on

title('y through FIRfilter with N = 15", 'fontnanme', 'Com c Sans
ME , 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3, 2, 2)
pl ot (wl/ pi, 20*1 0g10( abs(y2b1)))
axis([0, 2, -30, 30])

grid on

title(' Frequency & Magnitude', 'fontnanme', 'Com c Sans
ME , 'fontsize', 14)

x| abel (' Frequency (\tines\pi rad/sanple)', 'fontnane', 'Com c Sans
ME , 'fontsize', 14)

yl abel (" magni tude(dB)', 'fontnane', 'Comic Sans M5, 'fontsize', 14)

9. b.i

Nii = 33;




[y2bii, ny2bii] = FIRdesign(w, wu, Ni);
[y2b2, w2] = freqz(y2bii, 1, ny2bii)

subpl ot (3, 2, 3)

stem(ny2bii,y2bii)

axi s([mn(ny2bii) , max(ny2bii), mn(y2bii), max(y2bii)]);

grid on

title('y through FIRfilter with N = 33", 'fontname', 'Com c Sans
ME , 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3, 2, 4)
pl ot (w2/ pi, 20*1 0g10( abs(y2b2)))
axis([0, 2, -50, 30])

grid on

title(' Frequency & Magnitude', 'fontnanme', 'Com c Sans
ME , 'fontsize', 14)

xl abel (' Frequency (\tines\pi rad/sanple)', 'fontnane', 'Com c Sans
ME , 'fontsize', 14)

yl abel (" magni tude(dB)', 'fontnane', 'Comic Sans M5, 'fontsize', 14)

9R. b.ii

Niii = 99;

[y2biii, ny2biii] = FIRdesign(w, wu, Nii);

[y2b3, w3] = freqz(y2biii, 1, ny2biii);

subpl ot (3, 2, 5)

stem(ny2biii,y2biii)

axi s([mn(ny2biii) , max(ny2biii), mn(y2biii), max(y2biii)]);

grid on

title('y through FIRfilter with N= 99", 'fontname', 'Com c Sans
ME , 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

subpl ot (3, 2, 6)
pl ot (wW3/ pi, 20*1 0g10( abs(y2b3)))
axis([0, 2, -40, 30])

grid on

title(' Frequency & Magnitude', 'fontnanme', 'Com c Sans
ME , 'fontsize', 14)

x| abel (' Frequency (\tines\pi rad/sanple)', 'fontnane', 'Com c Sans
ME , 'fontsize', 14)

yl abel (" magni tude(dB)', 'fontnane', 'Comic Sans M5, 'fontsize', 14)

9. c.

cl earvars

for n = 1:101

a(n) = cos(n*(pi/8));
end
n = [1:101];




figure(8)
subpl ot (3,1, 1)

stem(n, a)
axi s([mn(n) , max(n), mn(a), max(a)]);
grid on
title('a[n]=cos[(pi/8)n]Ju[n]"', 'fontname', 'Com c Sans
ME , 'fontsize', 14)
xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)
yl abel ("a[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

[ya, nya] = FIRdesign(0, pi/4, 33);

subpl ot (3,1, 2)

stenm(nya, ya)
axi s([m n(nya) , max(nya), min(ya), max(ya)]);

grid on

title(' FIRwith N =33, "fontnane', 'Comic Sans M5', 'fontsize
xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

[y_f, ny_f] = convolve(a, n, ya, nya);

subpl ot (3,1, 3)

stemny_f, y f)

axis([mn(ny_f) , max(ny_f), mn(y_f), max(y_f)]);
grid on

title('filtered a[n]', 'fontnane', 'Comc Sans MS', 'fontsize'
xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("a[n]', 'fontname', 'Comc Sans M5, 'fontsize', 14)
2. c.il

for nb = 1:101
b(nb) = cos(nb*(pi/3));

end

nb = [1:101];

figure(9)

subpl ot (3,1, 1)

stem(nb, b)

axi s([mn(n) , max(n), mn(b), max(b)]);

grid on

title('b[n]=cos[(pi/3)n]Ju[n]', 'fontname', 'Com c Sans
ME , 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comc Sans M5, 'fontsize', 14)

yl abel (" b[n]"', 'fontnanme', 'Com c Sans M5, 'fontsize', 14)

[yb, nyb] = FIRdesign(0, pi/4, 33);

subpl ot (3,1, 2)

sten(nyb, yb)

axi s([m n(nyb) , max(nyb), mn(yb), max(yb)]);
grid on

. 14)

14)




title(' FIRwith N =33, "fontnane', 'Comic Sans M5, 'fontsize', 14)
xl abel (" n*, "fontnane', 'Comc Sans M5, 'fontsize', 14)
yl abel ("y[n]', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

[y_fb, ny_fb] = convolve(b, n, ya, nya);

subpl ot (3,1, 3)

stem(ny_fb, y fb)

axis([mn(ny_fb) , max(ny_fb), mn(y_fb), max(y_fb)]);
grid on

title('filtered a[n]', 'fontname', 'Comic Sans M5, 'fontsize', 14)
xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel (" b[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

9R.cC.ii

for nc = 1:101
c(nc) = cos(nc*(pi/3))*cos(nc*(pi/8));

end
nc = [1:101];
figure(10)

subpl ot (3,1, 1)
stem(nc, c)
axi s([mn(nc) , max(nc), mn(c), max(c)]);

grid on

title('c[n]=cos[(pi/3)n]*cos[(pi/8)nJu[n]"', 'fontname', 'Com c Sans
ME , 'fontsize', 14)

xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel (" c[n]', 'fontname', 'Comc Sans M5, 'fontsize', 14)

[yc, nyc] = FIRdesign(0, pi/4, 33);

subpl ot (3,1, 2)

sten(nyc, yc)
axi s([m n(nyc) , max(nyc), min(yc), max(yc)]);

grid on

title(' FIRwith N =33, "fontnane', 'Comic Sans M5, 'fontsize', 14)
xl abel (" n*, "fontnane', 'Comic Sans M5, 'fontsize', 14)

yl abel ("y[n]"', 'fontnanme', 'Comc Sans M5, 'fontsize', 14)

[y_fc, ny_fc] = convolve(c, nc, yc, nyc);

subpl ot (3,1, 3)

stemny_fc, y_fc)

axi s([mn(ny_fc) , max(ny_fc), mn(y_fc), max(y_fc)]);
grid on

title('filtered c[n]', 'fontnanme', 'Comic Sans M5, 'fontsize', 14)
xl abel (" n*, "fontnane', 'Comc Sans M5, 'fontsize', 14)

yl abel (" c[n]"', 'fontname', 'Comc Sans M5, 'fontsize', 14)

. a

% inite inpul se response frequency selective filter function
function [y, ny] = FIRdesign(w, wu, N)




%rake one-sided h
for n = 1: 2*N

h(n) = (sin(wu*n)-sin(w *n))/(pi*n)
end

%he his finite with the double the length of the w ndow
n=1_[12*N;

% he process of making h hermtian even

[h_r, n_r] = reverse(h, n);

[h_conp, h_r_conp, n_conp] = conpsig(h, n, h_r, n_r);
h_comp = h_conp + h_r_conp;

% he process to make the box to sweep
for n = 1:N
box(n) = 1;
end
n_box = -(N1)/2:(N1)/2

%ol volution of the h and the w ndow
[y, ny] = convol ve(h_conp, n_conp, box, n_box);
end

% rmpul se convol ution funciton
function y = convol ution(h)
prompt = 'Enter your inmpul se response:

X = 3;
xt = 1:x;
X = [zeros(1, length(xt)-1)];
y =[x h];
end

%convol uti on function
function [y, ny] = convolve(h, nh, x, nx)

[x_r, nx_r] = reverse (x, nx);
k = Il engt h(nh);
Xx_r = [x_r zeros(1l,k-1)];
y = zeros(1, length(x_r));
n = 0;
whi | e( k>=0)
y =y + x_r.*h(find(h, 1, first")+n);
k = k-1;
X_r =circshift(x_r, 1);
x_r(l1l) = 0;
if(find(h, 1, "first')+n == find(h, 1, '"last"));
k = -1;
end
n=n+1
end
ny = m n(nh)-Iength(x)+1: max(nh);
end




%shi ft function

function [s, n] =
S = X;

n =nx + N,

end

shift (x, N, nx)

% everse function
function [r, k] =
r =fliplr(x);

k = -fliplr(nx);
end

reverse (X, nx)

% conpsi g function
function [s1, s2, n] = conpsig(xl
nmn=mn([mn(nl), mn(n2)]);
i ndex.
nmax
i ndex.
n =

max ([ max(nl), max(n2)]);

nm n: nmax;
nsi ze =

[s1, s2]
wth size n.

size(n, 2);

= deal (zeros(1, nsize));

x1si ze
X2si ze
x1first
x2first

si ze(x1, 2);
size(x2, 2);
find(n
find(n

i =="n1(1));
n2(1)):

switch (n1(1) < nl(2))

ni,

X2, n2)
%gleterm nes the mninumtine

%det erm nes the maxi numtine
% inme indices are set.
i ze to be

%1 and s2 are initialized

%¢let erm nes the size of x1.
%¢dlet erm nes the size of x2.
% i nds the

% s long as the index is

i ncrenent al
case true % he right index for x1 is
transferred.
s1(x1first x1first + xlsize - 1) = x1
ot herw se % his is when the order is
flipped.
sl(x1first - xlsize + 1 : xAfirst) = fliplr(x1);
end
switch (n2(1) < n2(2))
case true
s2(x2first x2first + x2size - 1) = x2
ot herw se
s2(x2first - x2size + 1 : x2first) = fliplr(x2);

end
end
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y5[nl=x{n-11*x[n-1]
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ypiln]=impulse response of y, [n]
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p[n] -cos[(plfs)n]u[n]

1 ——o—i g —
= 4 & & 5 i o s o 5 ob o ib o o o o o b
R R R S S R

—1 et '\T{'{? et 2'\'5)' o 3{} I\_J '\-:;.'D Ly 5\:.}-' Tt BD = '\.TJI:} = B‘E;’ W m = '\.i.lE'}D

¥ f"\.-'—h

=
= i
.J

c[n] -cos[(plfs)n]*cos[(p:!ﬁ)n]u[n]

1 T '\. T f} T
= ﬂub%%;f ol CPL}@ wﬁ’ &-‘5 %w\/ {ngb P%r}% '1%.@ “Pagp &mﬁ{u} ﬁza?edﬁxljﬁ‘
5} L- - Y N

. 0 20 D 3-:} 50 ﬁ{: ?-:11u ﬂ-:} 90 100

n

FIR with N = 33

14



Published with MATLAB® R2020a

15



