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clear

YDEFINE MATRIX OF DELAYS.NOISE COEFFICIANSSINUSOID SIGNAL
boundl=input(‘Enter lower limit to plot(in degree)= ),
boundsl=hound*pi/l &0
bound2=input(Enter upper limit to plot(in degree)= )
bounds2=bound2*pi/180;

L=input('Number of Sources= ),
m=input('Number of sensor=_;
ifL>=m
enor('Number of sensors must greater than sources);
end
dispClf you do not want to add noise enter 1 1)
dispOIf you want to add noise enter 2 )
noi=input(Enter number =,
if noi=
snr_dB :input(‘Enter signal to noise ratio(dB)= ),
snr=10Asnr_dBl10);
end
DELAY=zeros(m|);
FREQ=zeros(m/)
dummy=FREQ;
for b=I:L
fe=input(‘Enter Carrier Frequency(Hz)= ),
theta_chk(b)=input(Enter DOA (in degree)= );
theta(b)=theta_chk(p)*pi/180;
flb);



FREQ; b)=(f(b) *ones(size(dummy))
If theta_chk>=0
for a=l:m
delay(@)=((a-1)/(2*fc))*sin(theta(t));
end
end
if theta_chk<0
for a=l:m
delay(@)=((a-1)/(2*fc))*sin(theta(t));
end
end
deiay=reshape(delay,m1L),
DELAY(. b)[celay];
end
ODEFINE MATRIX OF PHASE AND AVPLITUDE
PHASE =zeros(ml);
dummy=PHASE ;
forb=I.L -
phase_chk(b)=input(‘Enter Initid Phase(in degree)
phase(b)=phase_chk(b)*pi/180;
PHASE (:,b)=(phase(b))*ones(size(dummy));
end
AMP=zeros(m/)
dummy=AMP;
for b=l.L
amp(b)=input(Enter Initid Amplitude= ;
AMP(.,b)=(amp(0))*ones(size(dummy));
If noi=
noi_eff(b)=amp(b)/sart(snr);
end
end
%PARAMETERS OF DIRECTION VECTOR
FREQ=2*pI*FREQ);



DHAY;
AVP,
PHASE=PHASE ;
n=input(Number of Snapshots= 1)
for d=I:L
for e=l:m
dummy=DELAY(e,d);
es=[es;dummy];
dummy=FREQ(e,0);
em=({em;dummy];
end
end
=<5,
for g=l:n-I
e,
end
Kk=em;
for g=l:n-I
kk=Tkk e
end
ste=input(‘'samping rate=;
OATIVE+DELAY
count=0);
for c=ste:ste:n*ste
count=count+l;
dumray=((c*Iones(L*m))}u(.,1))-*kk(:1);
dummy=reshape(dummy,L*ni.l);
an=[an,dummy;
end
=count
dummy=reshape(PHASE,L*m/))
for c=In
bn=[on,dummy;
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end
dummy=reshape(AMP,L*in);
for c=l:n
cn=[cn,dmnmy];
end
FREQ=an; PHASE=hn; AMP=cn;
Inoex=FREQ+PHASE;
X=8Xp(]‘incex);
X=XFAVP,
YNOISE ADDITIONS
if noi=
for g=I:L
dummy=noi_eff(g)*randn(myn);
NOISE=[NOISE;dummy];
end
NOI=NOISE;
NOISE=NOISENQI;
y=xNOISE;
XY,
end
xl=x;
%COMPOUND SEVERAL NOISE-ADDITIONED SIGNALS TO EACH SENSOR
ifL> 1
for =L
for VELL-L
for t=l:m
aalt, P )
aa(t,u)=aa(th)tx(tHa*y, )
end
end
end
-X=a8;
else



176

X=xX
end

Clear

ODEFINE MATRIX OF DELAYSNOISE COEFFICIANSPULSE SINUSOID SIGNALS
boundl=input('Enter lower limit to plot(in degree)= 1)
boundsl=boundl *pi/180;
bound2=input(‘Enter upper limit to plot(in degree)= ),
bounds2=bound2*pi/180;

L=input('Number of Sources= )
m=input(‘Number of sensor=")
decay=input(‘Enter decay=");deca=decay;
ifL>=m
errorCNumber of sensors must greater than sources);
end
dispCif you do not want to add noise enter 1 )
dispCIf you want to add noise enter 2 )
noi=input(‘Enter number =),
if noi=
snr_dB=input('Enter signal to noise ratio(dB)= ),
snr=10A(snr dB/10);
end
DELAY=zeros(m));
FREQI=zeros(m,));
dummyl=FREQ!;
for b=l.L
fe=input(‘Enter Carrier Frequency(Hz)= ;
theta_chk(b)=input(Enter DOA (in degree)= ;
theta(b)=theta_chk(b)*ni/L80;
flo)-fc,
FREQL(:1)=(f())*ones(size(dummyl)):



i
if theta chk>=0

fora=lim
delay(@)=((a-1)/(2*(fc)))sin(theta(n)):
end
end
if theta_chk<0
for a=l:m
delay(a)=((a-1)/(2*(fc)))sin(theta(b));
end
end
delay=reshape(delay,m, 1);
DELAY(: o)=[celayt;
end
ODEFINE MATRIX OF PHASE AND AMPLITUDE
PHASE |=zeros(m,));
dummy1=PHASE 1,
for =LL
phasé_chkl(b)=input(Enter Initial Carrier Phase(in degree)= )
phasel (b)=phase_chkI (o)*pifl &0
PHASE 1(,)=(phasel (0))*ones(size(dummyl)):
end
AMP=zeros(m/))
dummy=AMP;
for b=I.L
amp(b)=input(Enter Initial Amplitude=";
AMP(..b)=(amp(b))*ones(size(dummy));
If noi==
noi_eff{b)=amp(b)/sart(snr);
end
end
%PARAMETERS OF DIRECTION VECTOR
FREQI=2*pi*FREQ!,
DELAY:



178

AVP,
PHASEI=-PHASE 1,
=input('Number of Snapshots= )
for d=I.L
for e=l'ra
dummy=DELAY(ed);
es=[es;dummy];
dummy=FREQI(e,d);
ec=[ec;dummy];
end
end
=5,
for g=l:n-I
= e
end
ke=ec;
for g=l:n-I
ke=[ke ec];
end
ste=input('samping rate = );
Y(TIVEDELAY)*2PI*F & (TIMEHDELAY*DECAY
count=0);
for c=ste:ste:n*ste
count=count+l;
dummyl=((c**ones(L*myl))+uC., 1) *(ke(:,]));
dummyl=reshape(dummylIL*m,);
anl=[anl,dummyl];
dummy2=((c*Iones(L*m,I)}+u(.,1);
dummy2=reshape(dummy2,L*mll);
an2=[an2,dunmiy2!;
dummy3=((c**ones(L*m,1)}+u(;,I))*decay;
dummy3=reshape(dummy3,L*mll);
DECAY=[DECAY dunimy3]
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end
nnn=count;
dummy=reshape(PHASEIL*mll);
for c=I:n
bnl=[bnl.dummy];
end
dummy=reshape(AMP,L*m.l);
for c=I:n
en=[cn,dummy];
end
FREQI=anl;t=an2; PHASEI=bnl; AMP=cn;
Inclex|=FREQI+PHASEI.
Oecay=DECAY,
XI=exp(j*incexl);
decay=exp(decay);
X=XI."decay.t;
X=X *AMP;
x=x/max(mex(real(x)));
Y%NOISE ADDMONS
if noi=
for g=I:L
dummy=noi_eff(g)*randn(mn);
NOISE=[NOISE;dummy!;
end
NOI=NOISE;
NOISE=NOISE+NOI;
y=xNOISEX=Y;
end
Xx|=x:
%COMPOUND SEVERAL NOISE-ADDITIONED SIGNALS TO EACH SENSOR
ifL> 1
for =L
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for V=1:L-1
for t=l:m
aa(t, Jx(t, )
aa(t, J=aa(t,u)+x(ttm*v, )
end
end
end
X=XX2:
else
X=xx:
end

= . i J (3 v € v s

Clear

YDEFINE MATRIX OF DELAYS,NOISE COEFFICIANS.PULSE SINUSOID SIGNAL
boundl=input(Enter lower limit to plotfin degree)= )
bounds| houndl*pif180;
bound2=input(‘Enter upper limit to plotfin degree)=
bounds2=houna2*pi/180;
L=input(Number of Sources=;
m=input(‘Number of sensor=";
decay=input(Enter decay= ");deca=decay,
ifL>=m
error(‘Number of sensors must greater than sources);
end
dispCif you do not want to add noise enter 1 )
dispClIf you want to add noise enter 2 )
noi=input('Enter number = ;
if noi==
snr_dB=input(‘Enter signal to noise ratio(dB)= )
snr=10Anr_dB/10);
end



DELAY=zeros(m,|);
FREQI=zeros(m,l);
FREQ2=zros(m))
dummyl=FREQI;
dummy2=FREQ2;
for b=l:L

fc=input(Enter Carrier Frequency(Hz)= 1)
fm=input(‘Enter Envelope Frequency(Hz)= ),
theta_chk(b)=input(Enter DOA (in degree)= )

theta(b)=theta_chk(b)*pi/180;
{H;
FREQL(:D)=(f(0))*ones(size(cummyl)):
flb)=fm
FREQ2(:,b)=(f(0))*ones(size(cummy2));
if theta_chk>=0
for a=l:m
delay(a)=((a-1)/(2*(fc)))sin(theta());
end
end
if theta_chk<0
for a=l:m
delay(@)=((a-1)/(2*(fc)))*sin(theta(b));
end
end
delay=reshape(delay,m,J)
DELAY(;,b)=[celayi
end
ODEFINE MATRIX OF PHASE AND AVPLITUDE
PHASE [=zeros(m)l);
PHASE 2=zeros(ml);
dummyl=PHASE |
dummy2=PHASE 2,
for b=l:L

181
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phase_chkl(b)=input(Enter Initial Carrier Phase(in degree)= )
phasel(b)=phase_chki(0)*pi/L80;
PHASE I(;,b)=(phasel(b))*ones(size(dummyl));
phase_chk2(b)=input(‘Enter Initial Envelope Phase(in degree)= )
phase2(b)=phase_chk2(b)*pi/180;
PHASE 2( h)=(phase2(b))*ones(size(dummy2));
end
AMP=zeros(m)));
dummy=AMP;
for b=l:L
amp(b)=input(Enter Initial Amplitude=";
AVP( p)=(amp(b))*ones(size(dummy));
if noi=
noi_eff()=amp(o)/sart(snr);
end
end
%PARAVETERS OF DIRECTION VECTOR
FREQI=2*p*FREQ;
FREQ2=2*pI*FREQ,
DELAY:
AVP,
PHASE1=PHASE 1;
PHASE2=PHASE 2,
=input(Number of Snapshots= ;
fora=I L
for e=I:m
dummy=DELAY(e,d);
es=[es;dummy);
dummy=FREQI(e,0):
ec=[ec;dummy];
dummy=FREQ2(e,d);
em=(em;dummy].
end
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end
=
for g=l:n-I
=( e,
end
kc=ec;
for g=l:n-I
ke=[ke ec];
end
km=em;
for g=l:n-I
km=[km em];
end
ste=Iinput('samping rate = )
U(TIMEDELAY)*2PP*F & (TIMEDELAY)*DECAY
count=0;
for c=ste:ste:n*ste
count=count+l;
dummyl={(c**ones(L*m, D)} +u(:,1)). *(ke: D+km(:, 1))
dummyl=reshape(dummyl L*m))
anl=[anl,dummyl];
dummy2=((c**ones(L*m, ) +u(;,1)). (ke(:I)-km(:,]));
dummy2=reshape(dummy2t*m 1);
an2=[an2,dummy2];
dummy3=((c* L*ones(L*m,1))+u(; 1) *decay;
dummy3=reshape(dummy3,L*m.l);
DECAY=[DECAY,dummy3];
end
nnn=count;
=nnn;
dummy=reshape(PHASEI L*m)))
for c=Iin
bnl=(onl,dummyl;



end
dummy=reshape(PHASE2,L*m/)
for c=I:n
bn2=(on2,dummy];
end
dummy=reshape(AMP,L*m/)
for c=l:n
en=[cn,dummy];
end
FREQI=anl;FREQ2=an2; PHASEI=bnl:PHASE2=bn2; AMP=cn;
index|I=FREQL+(PHASEL+PHASE?)
index2=FREQ2+(PHASEI-PHASE?);
decay=DECAY;
XI=exp(jindex]);
X2=xp(*Incex?);
decay=exp(decay):
X =(X4x2):
X=X_*decay,
X=X*AMP;
y=x/max(max(real(x)));
YNOISE ADDMONS
if noi=
for g=I:L
dumray=noi_eff(g)*randn(m, ),
NOISE=(NOISE;dummy;
end
NOI=NOISE™;
NOISE=NOISE+NOI;
y=xNOISEX=y;
end
Xxl=x:
%COMPOUND SEVERAL NOISE-ADDMONED SIGNALS TO EACH SENSOR
ifL>1



for =I:
for V=L:L-1
for t=I:m
aa(t,u)=x(t,u);
aa(t, )=aa(t, x(t+m*v,u)
end
end
end
X=aa;
66
x=xxl:
end



(Beamformer Method)

(bdirection of arrival from beamformer method
step=0.01*pi/180;
count=0;
for thet=boundsl:step:bounds2
count=count+l;
ta0=0;
if theta_chk>=(
for a=l:m
t=(a-1)/(2*(fc) *sin(thet),
tao=[taot];
end
end
if theta_chk<0
fora=l:m
t=-(a-1)/(2¥(fc)*sin(thet);
tao=[taoit];
end
end
tao=tao(Zm+,))
Indexf=2*i*(fo)*tao;
d=exp(i*indextf)./sqrt(m);
dc=conj(a);
Xc=conj(X);
agma=x*(xc.J/(n);
(count)=((dlc. )*sigma)*d;
end

186
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ang=houndsl :step:bounds?2,
ang=ang180/pi;
maxi=max(abs(s));
s=10*logl0((abos(s))/maxi);
thet=boundsl :step:bounds?;
for fin=I:count
if (fin=0
thetabe=thet(fin);
end
end
thetaBe=thetabe*180/pi
figure
plot(ang,s, K);
axisdboundl bound?2 40 (])
titleC Classical Beamformer):
Xlabel(Direction of Arrival (degree));
ylaheK'ab from peak);

1 (Linear Prediction Method)  Levinson Algorithm

OPREPARE DATA FOR LEVINSON ALGORITHM
if L1
X=Xx2:
else
X=XXI:
end
step=0.01*pi/180;
lag=m;
mode=input(Enter mode = ),
ip=input(‘Order of La nson=";
X=X,
for Gzl
¥=X(.0);
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y=X
I = comCmlag.mode.x.y);
[a.a,rho]=levin(r,ip);
alali]
end
a=dl;
(direction of arrival from unear prediction (LEVINSON ALGORITHV)
for c=I:n
a=ll ()]
count=0;
for p=houndsl:step:bounds2
a= reshape(a,ip+l,1);
d=ones(l);
if theta_chk>=0
for e=l:ip
Index=(-€)*pr*sin(p);
dummy=(exp(i*incexb));
d=[d dummy];
end
end
if theta_chk<0
for e=L:ip
Indexo=(e)* pi*sin(p)
dummy=(exp(I*indexh)):
d=[d dummy];
end
end
sr=I/(abs(d*a)) A2
count=count+l;
(count)=sr;
end
ab=(ab;];
maxi=max(abs(s)).



p=boundsl step:bounds2,
p=p*180/ni
s=10*logl0((abs(s))/maxl);
for fin=l:count
if (fin=0
theta L=p(fin);
thetal =[thetal_;theta L]
end
end
plot(ps/K);
axisdboundl bound2 -40 Q)
hold on
end
thetal.
if >l
sl=mean(ah);
maxi=max(abs(sl)):
p=houndsl :step:bounds2,
p=0*180/0i;
sI=10*1ogl0((abs(s))/maxi);
for fin=l:count
if sl(fin)==
theta L2=p(fin);
end
end
figure
plot(psl,K);
axisaboundl bound2 40 ()
DOA _LEVINSON=mean(thetal.)

title('Linear Prediction’),
xlabeK Direction of Arrival (degree));
ylabeKdo from peak);



(Linear Prediction.Method) ~ Burg Algorithm

YPREPARE DATA FOR BURG ALGORITHM
if L1
X%
else
X=xXl:
end
step=0.01*pi/180;
ip=input(‘Orcler of Autoregressive= ;
Xa=X;
for c=l:n
x=al..C);
dummy=burg(x,ip,m);
au=[au;dummy;
end
a=all;
% DIRECTION OF ARRIVAL FROM LINEAR PREDICTION (BURG ALGORITHM)
for c=In
a=|l au(c,)];
count=0;
for p=boundsl:step:bounds2
a= reshape(a,ip+l,1);
d=ones(l);
if theta_chk>=0
for e=l:ip
Index=(-&)*pi*sin(p):
dummy=(exp(I*indexb)):
d=[d dummy];
end
end
if theta_chk<0-
for e=L:ip



Index=(e)*pi*sin(p);
dummy=(exp(I*incext))4
o=[d dummy];
end
end
sr=I/(abs(c*a)) A2
count=count+l;
(count)=s;
end
ah=fabs];
maxi=max(abs(s));
p=houndsl :step:bounds2;
pp180/pi;
$3=10*10gl0((abs(s))/maxi);
for fin=Icount
if s3(fin)=0
theta B=p(fin);
thetaB=[thetaB ;theta B
end
end
plot(p,s3K):
axisdbound! bound2 -80 )
hold on
end
thetaB
if >l
s31=mean(ah);
maxi=max(abs(s31));
p=houndsl:step:bounds?;
p=p*180/ni
$31=10*logl0((ahs(s31))/maxi);
for fin=I:count
if s31(fin)=0



thetaBurg=p(fin):
end
end

figure

plot(p,s3L,);

Edids([bound! bound2 -120 )

DOABURG=mean(thetaB)

end

titleCLinear Prediction’)
xlabeicDirection of Arrival (degree)))
ylabelOdh from peak):
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Correlation Estimate

function r = corr(n lag,mode,x,y)
%CROSS-CORRELATION OF X AND Y
%LAG IS NUVBER OF CORRELATION SAMPLES DESIRED
%MODE=0 IS UNBIASED ESTIMATES
%MODE=OTHERS ARE BIASED ESTIMATES
%RIS VECTOR OF CORRELATION ESTIMATES
%N IS NUMBER OF DATA POINTS
% SYNTAX: r=CORR(n,lag,mode,x.y)
for k=0:lag-|
nk=n-k:
sum=0;
for b=l:nk
sum=sum-+con) (x(b)) *y(otk);
end
if mode==
({k+)=sum/(n-K);
end
if mode~=0)
r(k+)=sumn;
end
end
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Levinson Algorithm

function [a,aa,rho]=levin(r,ip)
%LEVINSON ALGORITHM
%R1S VECTOR OF CORRELATION ESTIMATES
%ip=ORDER OF YULE-WALKER EQUATIONS TO BE SOLVED
%SYNTAX: |a,aa,rho=levin(rtip)
rhoO=r(l),
aa(l)=r()ir(l);
rho(1 ){1-abs(aa(l, 1)A2)*r(1);
a(l)=aa(ll);
if ip==1
break;
end
for I=2:p
=I0t]),
for k=I:I-|
b=b-aa(k -1 J*r(I+-K);
end
aa(l,))=trho(H);
for k=l:l-
aa(k,)=aa(k,I-|)+aa(1)*coni(aal-k I-))
end
rho(l)=(-abs(aa(l,1))A2)*rho(-);
end
for 1=L:ip
alj=zall i)
end



Burg Algorithm

function a = burg(x,ip, )
%BURG (HARMONIC) ALGORITHM
%SYNTAX: a = BURG(x,ip)n)
%ip=ORDER OF AUTOREGRESSIVE PROCESS
% =NUMBER OF DATA POINTS
%X=DATA POINTS
rho0=0;
for b=l:n
rhoO=rhoO+(abs(x())A2)n;
end
for b=2:n
efkl(b)=x(b);
ebkl(o-)=x(b-1);
end
for k=I:ip
sumn=0;
sumd-=0;
for b=k+l:n
sumn=sumn-+efkl () *conj (ebkl (b-1);
sumd=sumd-+abs(efkl(b))A2+ahs(ebkl(b-1)) A
end
aa(k,k)=-2*sumn/sumd:;
if k==
rho(k)=(I-abs(aa(k,k))A2*rho0;
end
if k>l
rho(k)=(1-abs(aa(k k) A2)*rho(k-1);
end

1%



break;
end
If k==
for =k+2:n
efk(b)=efkl (b)+aa(k k)*ebkl (b-1);
ebk (b-1)=ebkl(b-2)+conj(aa(k,k))*efkl(b-);
end
for b=k+2:n
efkl(b)=efk(b);
ebkl(b-1)=ebk(b-1);
end
6 6
for c=l:k-I
aa(c,k)=aa(c,k-l)+aa(k k)*coni(aa(k-c k-1));
end
for b=k+2:n
efk(b)=efkl(b)+aa(k,k)*ebki(b-I);
ebk(b-1)=ebkl(b-2)+oon;(aa(k,k))*efkl(b-1);
end
for =k+2:n
efkl(b)=efk(b);
ebkl (b-1)=ebk(b-1);
end
end
end
sig2=rho(ip);
for b=l:ip
a(b)=eabp);
end
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