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The Multiple Signal Classification (MUSIC) algorithm is the most popular algorithm to estimate the
Angle of Arrival (AOA) of the received signals. The analysis of this algorithm (MUSIC) with typical

5

array antenna element (A/2 dipole) shows that there are two false direction indication in the plan

aligned with the axis of the array.

In this paper a suggested modification on array system is proposed by using two perpendiculars
crossed dipole array antenna in spite of one array antenna. The suggested modification does not affect
the AOA estimation algorithm. The simulation and results shows that the proposed solution overcomes
the MUSIC problem without any effect on the performance of the system.

Keywords: component; Angle of Arrival Estimation; MUSIC; Adaptive Array Antenna System.
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INTRODUCTION

Over the last decade, the smart antenna system
was taken a great interest in the wireless
communication industry which helps to improve the
wireless communication system performance by
increasing the channel capacity and spectrum
efficiency, extending range coverage, steering the
multiple beams to object (M.

Chryssomaillis, 2000).

track any

The Angle of Arrival (AOA) estimator is one of
the basic blocks that construct the smart antenna
system, because, if there are several operating
transmitters, it is important to estimate the (AOA) of
all received signals in order to decide which
transmitter are present and what are their angular
directions.

The MUSIC algorithm is the most important
and accurate algorithm which is used for estimating
the (AOA) of received signals (F. Taga, 1997).

The adaptive antenna system shown in Fig. (1)
is considering a smart antenna system.

To the
p Demodulator

ADC =Analog to digital converter
DVC = Dom Ce
W's = Complex weights

Algporithm

Figure (1) N weighted received signals
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The covariance matrix of the received signals
contains all the needed information to estimate the
AOA of the received signals. To construct N * N
covariance matrix N elements array antenna is
needed followed by N adapted weight vector as
shown in Fig. (1).

The received signals vector X(k), where k is
the number of received snapshot, is given by.

X(k) = Xa(k) + X;(k) + Xp (k) (D)

Where: X.(k), X.(k) and X,,(k) are  desired,
interference and thermal noise (N x 1)vectors,
respectively.

The adaptive array output signal can be written as

y(k) = B wyx; (k) )
The vector form of Eq. (2) is
k) =WwIX=XTw (3)

Where the weight vector (W] and the received

signals vector X are given by

-

W = [“-1. Wayaway H."!,..'] :

4
(%)
The covariance matrix of received signal vector
of array antenna is defined as
Cov[XX] = E([X —E(X)]" [X —E(XD]") (6)
Since X () is zero mean stationary process, then
Cov[XX] = E[X*XT] =R, (7)
Where R, is (N x N) autocorrelation matrix

X =[xy, x5, 25T

of a received signal vector X(t) and for N-element

array antenna it may be written in the following
form
'Rxx: E[X‘X:-]= [er] )]

The autocorrelation matrix R, is Hermitian

(ie. R,, = R.) (L.C. Godora, 1997 ).

Eigen VECTOR DECOMPOSITION
From theory of matrices, a positive definite
Hermitian matrix R,, can be diagonalized by a

nonsingular orthonormal transformation matrix @

which is formed by eigenvectors of R, as follows:

Q°R.. 'ET = (9)
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Where: A4 Is (N x N) diagonal matrix, its

diagonal
Ag Az e

elements are a real -eigenvalues
..., 4, and the corresponding eigenvectors

is
Q=[ejeq ..c......,ey] (10)
Where e; is (IV % 1) eigenvector corresponds to
eigenvalue A;.
The eigenvalues of R, are given by the solutions
of the equation
IR = Ad|=0 for i=12,..,N(1)
Where 1is (¥ » N) an identity matrix.
Corresponding to each eigenvalue there is an
associated Eigenvector #; that satisfies
R..e; =4;e; (12)
Since, R, = E{X*X7}, it follows that Eq.(8) may
be written as
[0° R Q7)=[0X X" Q7 [x " x""] (13)
then =x! =e.X* for i=12,..,N (14)
where T is dagger notation (i.e. tranjugate).
The array correlation matrix has IV eigenvalues
(41, A2es Ax)
eigenvectors @ = [ey, €3,...,

along with N associated
ex] where N is the
number of sensors.

If the eigenvalues are sorted from smallest to
largest, matrix @ can be divided into two sub space

suchthat@ = [Q,.Q. ]

The first subspace @, is called the noise
subspace and is composed of (N — D) eigenvectors
associated with the noise, the eigenvalues are given
as Ay = Ay =.... = Ay-p =g; where D is the
number of received signals.

The second subspace @, is called the signal

subspace and is composed of D Eigen vectors

associated with the received signals (Md. Bakhar
2009).

MUSIC ALGORITHM

The MUSIC algorithm is a simple, popular,
high resolution and efficient Eigen structure method
(Md. Bakhar 2009). The MUSIC spatial spectrum
for the MUSIC algorithm can be expressed as

follows .

€T(8) @n0n C*(8)

DF(g) = (15)
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Where C(8) is a spatial vector given by
£(8) = [ go( §) ¢ i=5deos®) ]T z=0.1... =1 (16)
So g.(8) is the element pattern for the array
and # is a spatial angle from 0 to 27

The MUSIC technique flow graph is illustrated
in Fig (2)
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Perform [N x N} covariance
of the

Calculate the eigenvalues
received of R, by

decomposition technique.

matrix

Figen
signals R, .

|

- Estimate the number of
Extract the eigenvectors e; .
e : the largest eigenvalues
correspondin to the .
. & which are related to the

smallest thermal noise

number of received

eigenvalues.

signals and denote them

|— D

Calculate and plot DF(#) function, the peaks of this
function are the AOA of received signals.

1

PEO) = o, 0Fc

Where C is the spatial vector of phase[0 to 2m).

Figure (2) the flow graph of MUSIC technique.

Cross Dipole Array Elements

In order to make the resultant array antenna
pattern approximates the isotropic array pattern
(i.e. spherical pattern) two perpendicular crossed
dipoles in the same plane are proposed as shown in
Fig.(3) and Fig(4).

The pattern for a single 4/2 dipole in the (z-y)

plane laying along z axis is given by (Stutzman,
1981).

2 cosl
o a

Since the elevation angle @ = 90" for the received

§.(8) = = 5im ¢

signal and that leads to sin¢g = 1.

And for a dipole in the same (z-y) plane laying
along y axis is given by

COE l—'-:nsr_E—E.-J

- m
= =
=

92(8) = =« sin g (18)

wipl §—=

The resultant pattern of cross dipole g(#) is given
by
g(8) = g,(6) + g,(6)
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Eﬂ!E-EDEE] cn!:?_—r-cn-a'ﬂ—:_—':}]

(19)

The array factor for circular isotropic array
elements given by (Liu Jin, 2008)

sinf

W
gsin({f—)

AR(6,9) = SilemsBrcosti=ed ()
Where ¢; is the array antenna distribution angle
as shown in Fig.(4) and it is given by

@, = :1{;-1} fori =12,..N (21)
and r is array circle radius with respect to
wavelength A and given by
r=Ns«d+A/2n (22)

Then the total circular array pattern array with
cross dipole element can be written as

G-(6) = g(8) x AF.(6,¢) (23)

Where g(#) is the array element pattern of the
crossed dipole. The array pattern in Eq.(23) is
considered as a basic block for generating the
covariance matrix of the received signals which in
turn used in the calculating the eigenvectors of noise
channel in the DF function of the MUSIC see
Fig(2). The effects of using crossed dipole will
reflect directly on the performance of MUSIC
technique when a 4,5 dipole element is used in the

antenna system.

A )

Figure (3) cross dipole element

Figure (4) cross dipole circular array
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Simulation Results

All the simulation programs were written by
MATLAB 7.1 and the following assumption are
used

a) The array number of elements is six (N=6)
which they are distributed on the
circumference of a circle.

b) The inter element spacing equal to 0.5 A

¢) The input SNR = 0dB

d) The radius of the circle r according to the
E.(30) equal to 0.4774 A.

Three type of antenna element were tested in this
simulation.

A. Isotropic elements:

Six isotropic elements with 0.54 inter element
spacing distributed on a circle with radius 0.4774 4 .

Figs.(5) shows the final MUSIC DF plot for one
received signal from broadside (8 = 20°) and
Fig.(6) shows four received signals from
(0%,30% ,120°,180%) it can be shown that the
system does not suffer any problem to track a
multiple sources at the same time.

Figure (5) DF function plots for MUSIC Technique with six
isotropic elements array for incoming signal from 90

Cross Dipole Antennas Solution for
Angle of Arrival Estimation

Figure (6) DF function plots for MUSIC Technique with six
isotropic elements array for incoming signals from
(0°,30° .120° ,180°)

B- 4/2 Dipole Elements:

Six A/2 dipoles array elements with 0.54 inter
element spacing distributed on a circle with radius
0.4774 4.

Fig.(7) shows that there are three sources from
angles 0°,90°,180°, while there is only one actual
source from 90" which means that the MUSIC DF
function gives a false indication from angles
07,180 in additional to the real source. These two
false DF direction are due to the existence of nulls
in the element pattern from these direction as shown
in Fig.(8). According to the mathematical form of

the MUSIC DF function these nulls will be
interpreted as a real source from these directions.

|

|
600

|
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Figure (7) DF function plots for MUSIC Technique with six

4./ 2dipole elements array for incoming signal from 90
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Figure (8) Element pattern for i /2 dipole

C- Perpendicular Crossed Dipole Elements:

For the same assumption of case B the crossed
A/2 dipole antenna are used in spite of a single
A/2 dipole antenna as elements of the array
antenna.

Fig.(9) shows that the resultant pattern of the
crossed dipole is approximate the isotropic pattern
which leads to the cancellation of nulls appears in
single dipole .

Fig.(10) shows that the final DF pattern shows
only the single source from # = 90" and nothing
from (07, 180).

To insure that the suggested solution does not
affect the performance of the system four signals
coming from (07,30°1207,180) is considered,
Fig.(11) shows that there are a clear indication from
these directions and the suggested solution doesn’t

cancel the reading for the incoming signal from
(07,180

Figure (9) Element pattern for cross A /2 dipole
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Figure (10) DF function plots for MUSIC Technique with
six crossed dipole elements array for incoming signal from

90

Figure (11) DF function plots for MUSIC Technique with
six crossed dipole elements array for incoming signal from
(0°,30° ,120° ,180°)

Conclusions
Angle of arrival (AOA) estimation based on MUSIC
algorithm with

isotropic, L/2dipole and crossed

#/2 dipole is investigated.

The MUSIC AOA estimation results show the
following:-

1-  With isotropic array elements the MUSIC DF
can simultaneously read the direction to the
multiple source even from the sources placed at
0'or180".

2-  When 1/2 dipole is used as an array element, it
has been found that the MUSIC DF system
gives a false direction from angles 0,180
which coincides with the nulls in the element
pattern.
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3- The suggested  perpendicular crossed
1/2 dipole gives a satisfied solution for the false

direction referred in (2), without degradation in
the performance of the system when dealing
with real source placed at angles 0°, 180"

4- Finally the suggested solution will increase the
complexity of the antenna system by increasing
the number of the elements.
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