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function [ y ] = EN fft( x ) % function of FFT by decimation on time
len = length(x); % length of vector
1 = log2(len);

x_reverse = bitrevorder (x); % reverse the bit order to use "butterfly" algorithm

oe

y=zeros (l,len); add zeros

oe

temp=zeros (1,len); temporary array

for j=1l:len

oe

y(j)=x_reverse(Jj); save reverse of original vector

end

n=2;

Wn=exp (-2*pi*1li/len) ;

for k=1:1:1;
for m=l:1:1len % multiply by 'Wn'.
if ((mod(m,n) <= (n/2)) && (mod(m,n)~=0))

temp (m) =y (m) ; % for save the original vector



else

y (m)=y (m) * (Wn" ( (mod (m-1,2" (k-1)))*(len/2"k)));

end

end

for m=1:1:1len

if ((mod(m,n) <=

y (m) =y (m) +y (m+2" (k-1)) ;

% num of points calcula ted in spec. stage

(mod (m, n) ~=0))

% calculating point according to condition

else
y(m)=(-1)*y (m)+temp (m-2"(k-1)); % before adding other value - multiply by '-1'
end
end
n=n*2; % update for next stage
end
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function [ y ] = EN ifft( x ) % function of IFFT by decimation on time

len = length(x);
1 = log2(len);

X reverse = bitrevorder (x)

y=zeros (l,len);
temp=zeros (1l,len);
n=2;
Wn=exp (2*pi*1li/len);
for j=l:len
y(j)=x_reverse(j);
end
for k=1:1:1;
for m=1:1:1en

if ((mod (m,n)

temp (m) =y (m) ;

else

oe

length of vector

reverse the bit order to use "butterfly" algorithm

add zeros

temporary array

save reverse of original vector

multiply by 'Wn'.
&& (mod (m,n)~=0))

for save the original vector

y (m) =y (m) * (Wn" ((mod (m-1,2" (k-1)))* (len/2"k)));

end
end

for m=1:1:1en

if ((mod(m,n) <=

y(m)=y(m)+y (m+2” (k-1));

num of points clculated in spec. stage

(mod (m, n) ~=0))

% calculating point according to condition

else
y(m)=(-1)*y(m) +temp (m-2" (k-1)) ; % before adding other value,multiply by '-1"'
end
end
n=n*2; % update for next stage
end
y=y/len;
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Fs = 16000;
N = 2716;
x = wavrecord(N,Fs);
N = 2716;
Px = 0;

for j=1:1:N
Px+(x(J))"2;
Px* (1/N) ;

dl=0.200719359;
d=0.503329213;
al=50*sqgrt (Px) ;
a2=50*sqgrt (Px) ;
a3=50*sqgrt (Px) ;
wl=1.6+0.1*dl;
w2=1.6+0.1*d;
w3=3;

z=zeros (1,N);

for j=1:1:N
z(j) =

end

y=zeros (1,N);

for j=1:1:N

end
n=[0:1:(2"16)-11;
stem(n,y)
xlabel('n')
ylabel ('y[n]")
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power by: Px = l/N*sig(x[n]);
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the noise

al*cos (wl*j)+a2*cos (w2*j)+a3*cos (w3*7J);

noise + signal

s plot
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w = linspace (-pi,pi,129); frequency range
for k=1:1:129
temp=0;
for n=1:1:2"16

temp=temp+z (n) *exp (-1i*w (k) *n) ; % calculate the transform
end
Z (k)=temp;
end
subplot(2,1,1) % plot amplitude

plot (w,abs (Z))
xlabel ('w'")
ylabel ('abs (Z) ")

subplot (2,1,2) % plot phase
plot (w,angle(Z))
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function [ H ] = LPF() 1

w = linspace (-pi,pi,129);
H = zeros(1,129);
for jJ=1:1:129

£
=
if (abs (w(§)) <Wc) .
H(J)=1;
end 02+
end
stem (w, H) ; 0
4 -3 -2 - 0 1 ? 3
xlabel ('w'); !

ylabel ("H[jw]");

end
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function hp() ;270021

for n=1:1:51
if ( n~=26)
hp(n) = sin(1.5* (n-26))/ (pi* (n-26));
end

end

hp(26) = 1.5/pi;

n=[0:1:50];
stem (n, hp) ;

xlabel ('n'"); 02|

hin]

ylabel ('hin]"');

end
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hy[n] = {hf[ﬂ—ZS] 0<n<50_

0 o.w.
= [h;[n] - Window(—25,25)] * §(n — 25)

sin (a: (25 + %))

. . . 1
H,(el®) = |Hy(e/®) = -~ . g~ w25 o
sin (m (25 +%)) 1
i o w25, T
Hp(e'®) = sin% e 2 ol <1.5
0 0. W.

= [h;[n] * §(n — 25)] - Window(0,50)
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linspace (-pi,pi, 128);
n=1:1:51
if( n~=26)
hp(n) = sin(1.5* (n-26))/ (pi* (n-26));

end
hp(26) = 1.5/pi; % for not divide zero
our dtft (hp); % frequency response of hp

plOt(2I ll l) % plOt
t(w, abs(Hp)); $ Magnitude
bel ('w');
bel ('abs Hp(e™jw) ")
plot(2, 1, 2)
t(w, phase(Hp)); % Phase
bel ('w'");
bel ('Phase Hp(e™jw) ') ;
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Hp=fft (hp, N);
Y=£fft(y);

Y1l long=Hp.*Y;
yl=ifft (Yl long);
Yl=our dtft(yl);
splot yl

figure (2)
stem(yl);
title('yl[nl")
wavplay(yl,16000) ;
subplot (2, 1, 1)
plot (w, abs(Y1l))
xlabel ('w'");

ylabel ('abs Y 1(e”jw)');

subplot (2, 1,2)
plot (w, phase(Y1l))
xlabel ('w');

ylabel ('phase Y 1(e”jw)');
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$ HP dtft (hp)
$ Y dtft (hp)

long of N points

$ Y1 dtft(yl)

splay
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s plot
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Y1l long=Y1l long.*Hp; % Freq Multiplication length N
yll=ifft (Y1l long); % yll the signal after pass in filter in sec time
Yll=our dtft(yll); % Y1l (yll)

stem(yll); % plot
wavplay(yl1l,16000) ; % play yll
title('yll[n]")

subplot (2, 1, 1) %plot Y11
plot (w, abs(Y1ll))

xlabel ('w');

ylabel ('abs Yill(eAjw)');
subplot (2, 1, 2)

plot (w, phase(Y1ll))

xlabel ('w');

ylabel ('phase Yill(eAjw)');
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Z3[n] = Z[2*n] = ar*cos(w1*2*n)+az*cos(w2*2*n)+az*cos(ws*n*2)

y2=y(l:2:N); %define decimated signals: M=2
z2=z(1:2:N);
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y2=zeros (1,N/2); % signal + noise

for j=1:1:N/2

y2(3) = x(2*3)+z(2*3);
end
n=0:1:((2”16)-1)/2; % plot
stem(n,y2);
xlabel('n');
ylabel ('y2[n]");
wavplay(y2, Fs/2);
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for n=1:1:51 5]
I
1if( n~=26) % Wc=2.6 E 0s5f 4
hp2(n) = sin(2.6*(n-26))/(pi* (n-26));
0 1 1 1 1 1
end -4 -3 2 -1 0 1 2 3 4
w
end
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hp2(26) = 2.6/pi; —
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Hp2=our dtft (hp2); % frequency response of hp2 &
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Y21 long=fft (hp2, N/2+50).*fft(y2,N/2+50); % Y21 long=Y*HP2
y21=ifft (Y21 long); % y21 signal after first pass in hp2
Y2l=our dtft(y21); % Y21 dtft(y21)
stem(y21); % plot y21
title('y21[n]")
wavplay(y21,8000) ; % play y21
subplot (2, 1, 1)
plot(w, abs(Y21)) % plot Y21

xlabel ('w');

ylabel ('abs Y 21 (e”jw)");
subplot (2, 1,2)

plot (w, phase(Y21))

xlabel ('w');



ylabel ('phase

Y211 long=fft (hp2,N/2+100).*£fft (y21,N/2+100);

Y 21(e”jw) ")

y211l=ifft (Y211 long);
Y21l=our dtft(y211);

stem(y211);

wavplay(y211,8000) ;

title('y211[n]")

subplot (2, 1,
plot (w,
xlabel ('w');
ylabel ('abs

1)
abs (Y211))

Y 211 (e”jw) ") ;

subplot (2,

1,

2)

plot (w,

phase (Y211))

xlabel ('w'");

ylabel ('phase

Y 211 (e™jw) ') ;
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Freqg Multiplication length N/2+100

% Y211 dtft(y211)

% plot y211
s play y211

% plot Y211

el

o

abs Y

yv211 the wanted signal
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Hipe(el) = {1 0l < 1
0

o.w
hi_Ipf[n]= sin(1.1n)/(pi*n)

:(0'7n%7 n'210 N21AN) 17N NPW IRTRN 200N NIX 7'901 NYD

= [hi_pprn] - Window(0,250) | * 6§(n — 125)

) e Py
hp—LPF[TI] = {hr—LPF[S 125] 0<n<250

. W.

. (w=1.1+0.4=1.5)"¥n 21 TN7 NNIR T'721

((BPF %21 n221 012 a7 LPFN nX 7'1* 011'017n) .NIMYT DY N'XI712217 AT 1TN2 "IN COS 2 n'790n "V NINT Nnwy)
hp_bpf[n]=hp_Ipf[n]*cos(1.5n)=[conv[hi_Ipf[n]*window(0,250)]*6(n-125)]*cos(1.5n)

h bp=zeros(1,251); % Wh the high frequency = 2.6, Wl the low frequency = 0.4
for n=1:251 % BPF- according to our calculation

h bp(n)=2.2/(pi)*sinc((1.1/pi)*(n-126))*cos(1.5* (n-126));
end $ (Wh+Wl)/2 = 1.5 , (Wh-Wl)/2 = 1.1

Y bp=fft (h_bp, N/2+250).*fft(y2,N/2+250); % multiply in freq = Y bp=H bp*Y2

oe

y _bp=ifft (Y bp); y bf the signal in time

stem(h_bp) % plot h_bp

title ("' BPF'")

xlabel ('w');

ylabel ('h bp[n]');

H bp=our dtft(h bp); % plot H bf(e”jw) ,length 128
plot(w, abs(H bp))

xlabel ("w');

ylabel ('abs H bp(e”jw) ");

stem(y bp) % plot y bp the signal after pass in BP filter
title('y bp[n]")

xlabel ("w');

ylabel ('y bp[n]');

wavplay (y_bp,8000) ; % play y_bp

)

Y bp=our dtft(y bp);
plot(w, abs(Y bp))
xlabel ('w');

plot Y(e”jw), length 128

ylabel ('abs Y bp(e*jw) ") ;
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D =0.503329213 Mod 0.05 = 0.003329213 -> Overlap & Add
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L=N/64;

y_ol=zeros(1,N/2+250); 5 y ol = after Overlap&Add
H ol=fft(h bp, 1274);
for k=0:31 % overlap & add

e

dft of Adjustmenth bp to 1274= 1024+250

y 0l (k*L+1:L*(k+1)+250)= y ol (k*L+1:L* (k+1)+250)+ifft (£ft(y2 (k*L+1: (k+1)*L), 1274).*H ol);

end

wavplay(y o01,8000); % play

Y ol=our dtft(y ol); % in freq.

plot(w, abs(Y ol)) % plot overlapped siganl

title('|Y o 1(e”(jw)) ")
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