AAyOpIBOC Levinson
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To npoBAnKa TnG katacToAng BopUPou oe kavahl JETAdooNG NpoaseyyileTal we €ENG. XpnoidonoiwvTacg
OUo oTaTioTika avegapTnTa deiypara Tou (Aeukou) BopUBou, katackeualeTal FIR QiATpo Wiener To
0noio AEITOUPYEI WG EKTIMNTAC ToU WeTadidopevou BopUBou onuaTog. AQaipwvTag TNV EKTIUNCN auTn
ano To aAMOIWPEVO OMla, NPOKUNTEI JId EKTIKNON TOU apxIkoU OruaToc.

s(n) N X(m=s(n)+vi(n) /_l_\ s*(n)=x(n)-x*(n)

+

vi() X*(n)=v1*(n)

—>{ » FIR Filter
v2(n) y(n)=v2(n)

H kaTtaokeur) Tou FIR @iATpou Wiener yiveralr Xpnoidonoliwvrag Tov aAyopiBuo Levinson yia Tov
YPHYOPO UMOAOYIOHO TWV GUVTEAEOTWY TOU (PIATPOU.

XpnoiponoiwvTtag Aeukd 80puPo v(n) pe peéon TiWR 0 kai diaonopd 1, kaTaokeualovral Ta onuara
BopUBou v1(n) kai v2(n):

v1(n)=-0.5*v1(n-1)+v(n)

v2(n)=0.8*v2(n-1)+v(n)
EVW 0Av apyIkO ONUa XpnoIPonoIEiTal Kia anAr TPIYWVOUETPIKN ouvapTnon:

s(n)=cos(wo*n) , Wp=0.075

lMa Tnv KaTaoKeun Tou QIATPOU XpNoiKonoioUVTal Ol OXECEIG:
Ry(K)=(02)"/(1-(a2)?) , k>=0
Ryx('K):(al)K/(l'al*GZ) y K>:O

O1 NapakaTw ypagIkEG NapacTAcelC Nnapoucialouv Ta anoTeAEGUATA TNG EPAPHOYNC Tou aiyopibuou
yia QiATpo TaENG m=4 kar m=6.
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®iATpo FIR: m=6
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disp("Noise Cancelling Using Wiener FIR Filter, Levinson Solution®)
disp(” Harris Georgiou [AM:M177], grad0177@di.uoa.gr™)

%... initialize constants and variables ...%
clear all;

disp("Initializing variables®);

N=100; % number of samples

M=6; % Filter order

cl=-0.5; % noise vi(n)=cl*vi(n-1)+v(n)
c2=0.8; % noise v2(n)=c2*v2(n-1)+v(n)
0=0.075*pi; % original signal s(n)=cos(f0*n)
nsc=1.0; % scale noise range

v=zeros(1,N); vl=zeros(1,N); v2=zeros(1,N);
s=zeros(1,N);
rv=zeros(1,M); Pv=zeros(M,1);

%... create original (s(n)) and white noise (v(n),vl(n),v2(n)) signals

v(1)=nsc*randn; vi(1)=v(1); v2(1)=v(1); s(1)=cos(f0);

for 1=2:N,
v(i)=nsc*randn;
v1(i)=vli(i-1)*cl+v(i)
v2(i)=v2(i-1)*c2+v(i)
s(i)=cos(fO*i);

end
%... create correlation vectors rv(i),Pv(i) and matrix r(i) -..%
for 1=1:M,

rv(i)=(c2"(i-1))/(1-c2"2);
Pv(i)=(cin(i-1))/(1-cl*c2);
end

Y%o————— Gauss algorithm (classic solution) ---——- %

disp("Calculating Gaussian solution®);

r=toeplitz(rv(1:M)); % construct matrix r(i) from vector rv(i)
wg=(PV\r)"; % calculate correct linear system solution
Y%o————— Levinson algorithm —---- %

disp(“"Calculating Levinson solution®);

%... initialize variables ...%
a=1;

wl=Pv(1)/rv(1);

p=rv(1);
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%... begin main loop ...%
for 1=2:M;
g(i-1)=-(rv(2:1)*Flipud(a))/p; % calculate (current) "G-
coefficient
a=[a;0] + [0;conj(Flipud(a))]*g(i-1); % update "A" matrix
p=p*(1 - g(i-1)"2); % calculate "P" coefficient
k=(Pv(D)-(rv:i)*flipud(wl)))/p; % calculate "K" coefficient
wl=[wl;0] + [conj(Fflipud(a))]*k; % update "W® matrix (solution of
order "i")
end

%... diplay Levinson and Gaussian solution vectors ...%
disp("Gaussian solution:");

wg

disp("Levinson solution:™);

wl

disp("...<press any key to continue>...");

pause;

%... plot original signal ...%
disp(“"Creating original signal plot®);
figure(l);

plot(s);

axis([1,N,-1.5,1.5]);

xlabel ("time (N)");

ylabel ("S(n)");

title("Original Signal™);

disp("...<press any key to continue>...");

pause;
%... plot signal noise ...%
%disp("Creating signal noise plot®);
%Figure(6);

%plot(vl);

%axis([1,N,-1.5,1.5]);

%xlabel("time (N)");

%ylabel("v1i(n)");

%title("White Noise V17);

%disp(”...<press any key to continue>...");
%pause;

%... calculate and plot noisy signal ...%
disp("Creating noisy signal plot™);

SV = s + Vvl1;

figure(2);

plot(sv);

axis([1,N,-1.5,1.5]);

xlabel ("time (N)");

ylabel ("SV(n)");

title("Noisy Signal®);

disp("...<press any key to continue>.._.");
pause;

%... calculate and plot restored signal (Gauss) ...%
%disp("Creating restored signal plot (Gaussian)”®);
%
%xe
%se
%

filter(wg,1,v2); % FIR Filtering
SV - Xe; % calculate estimate



%Figure(5);

%plot(se);

%axis([1,N,-1.5,1.5]);

Y%xlabel("time (N)");

%ylabel("Se(n)"™);

%title("Estimated Signal (Gaussian)®);
%disp(”...<press any key to continue>...");
%pause;

%... calculate and plot restored signal (Levinson) ...%
disp("Creating restored signal plot (Levinson)™);

xe = filter(wl,1,v2); % FIR filtering

se = sv - xe; % calculate estimate
figure(3);

plot(se);

axis([1,N,-1.5,1.5]);

xlabel ("time (N)");

ylabel ("Se(n)");

title("Estimated Signal (Levinson)®);
disp("...<press any key to continue>.._.");

disp("Process completed.");
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Initializing variables

Calculating Gaussian solution

Calculating Levinson solution

Gaussian solution:

wg =

2.0380
1.2298
1.1420
0.7818

Levinson solution:
wl =

1.0000
-1.3000
0.6500
-0.2321
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Initializing variables

Calculating Gaussian solution

Calculating Levinson solution

Gaussian solution:

wg =

.0753
.2813
.2078
-8665
.7326
.5532

OOORrREN

Levinson solution:
wl =

1.0000
-1.3000
0.6500
-0.3250
0.1625
-0.0580

22 NoepBpiou 1999.
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