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Abstract

In this paperthe use of a circul array antenna with adaptive system in conjunctiaoth modified Linearly
Constrained Minimum Variance Bealorming (LCMVB) algorithm is proposed to meet the requiremenAmgle of
Arrival (AOA) estimation in 2B as widl as the Signal to Noise Ratio (SNBf estimated sources (Three Dimensic
3-D estimation)rather than interference ccelation as it is used for. The proposed systemsiaslated, tested ar
compared with the modifieMultiple Signal ClassificationMUSIC) technique for 23 estimation. The resu show the
system has exhibited astonishing results simultaneously estimating B-parameters with accure approximately
equivalent to the MUSIC technique ( estimating elevation and azimuth angles), andstghavilege to estimate SNR
for sources which are under the estime process.

Finally, the proposed systeneeds Iss computational time and hardware complexity wheis compared with
Eigen value decomposition techniquesed by MUSIC technique. Also,his cost effectiveness with respect t-D)

active detecting means such as radars.

Keywords: Angle of Arrival Estimation, MUSIC, Adaptive Array Antenna System.

1. Introduction

Over the last decade, the AOA estimatior
guesstimate the direction and location of
transmitting sources is themost desirabl
activities used in electronic wafaere and securit
activities [1-4].

The AOA estimations of the received sigr
by anarray antennas has gaiaegreat attention i
the array signal processing gt such as radi
and wireless communication $gm [5]. Most of
new directions finohg techniques such .
Multiple  Signal Classification  (MUSIC
Estimation of Signal Parametesa Rotationa
Invariance (ESPRIT) and others [6] hebeen
studied in contexts of one dimensional-D
(azimuth angle) case$hese techniques are ba:
on Eigen value decomposition of the covaria

matrix to the sampled input(k of the array.

These techniques need intensive corrtion
process so that they mighbt be suited for re:

time application\here the requiresignals are to
be trucked on line).

One dimension is sufiient for estimating
AOA for the land and sea transiting sources,
assuming that thelevation angle is verymall.
For airborne transmittingmeans, the AOA
estimation of thesesources needs a tv
Dimensional (2D) real time estimator (elevati
0 and azimuthp).

Adaptive array antenna with fi convergence
algorithm and less comtational time process
offers aneffective passive mes tool rather than
active means (like radar) to estimate the
elevation and azimuth of t platform that carried
these transmitting source

This use is very important in a real v
environmentbecause it is a passive and secl
activity from the pointof view of the electroni
ware fare missionsfconnaissance activity
Unlike the active systems(ras) which can be
detected and jammed by electrc means or
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destroyed by weapons. The adaptive array ant
is mainly used forsuppressing the interferen:
multipath and jammessignals, whili very few
researches talks about the abitifyusing adaptiv:
array antenna system as angleaofval estimato
[7]. Most of theprevious researche discuss the
use of linear array antenna to estir azimuth
angles only. Simultaneous (2-B¥timation eeds
to use a circular array antenna. Figure (1) shc
circular array antenna mounted oy plane and
parallel to the z plane with elevation ang
0€[0,/2n] and azimuth angle ¢€[0,2n]. A
covariance matrix R of the received signalis
now carrying complete informatiorabout the
elevation ad azimuth angles as well as tinput
levels of the received signals. \WWanexplore this
information in conjunctin with the adaptiv
processors and algoritttmto simultaneousl
extract the (elevatiofl, azimuthe as well as the
SNR).

Fig. 1. Uniformly circular array system.

2. Two-Dimension M athematical
Formulation

The Uniform Circular Array (UCA) geometi
is shown in Figure 1), the antenna elems
assumed to be identical, orditectional, anc
uniformly distributed over a circumference o
circle of radius R in the y-plane. A spherice
coordination sym is used to represent the ar
of arrival of the incoming plane wave, the ori
of the coordination system locate( the center of
the array.

Source elevation anglés [0, g] are measured

up from y-axis toward the axis and the azimul
anglege[0,27] are measured from-axis toward
the yaxis, the elements N of the array is disple
by an angle of [6]

W, = 2% forn=1,2,..,Nand the radiu
R will be
R=N*d*)\/2n - (1)
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Where d is the inter element spacing and the
wave length of the operating frequer
For k snapshot the received signal vewill be
x(k,6,9) = X1 x4k, 0,9) + xpiy (k) ... (2)
Where x;(k, 6, ) , x, (k) are the 1 received
signal and the thermal noise vectors of a h
(1xN) respectivelyD is the numer of received
signals under angle of arri» estimation process.
If the received signal is incident from elevat
angled and azimutlp, then received signal
vector is given by [8]

X(k,0,p) = A e/ WkT+) [ . (3)

Where A is signal amplitudw. center frequency,
Y is arbitrary carrier phase angle distribute;,
2r] and Uis the array vector corresponding to
incident angles of the received signals and del

by [8]
U= [gE(é’, ) (ejZTH*R*sin(O) cos(<p—lpn))]T @)

Wherege (0, ¢) is the element field p«ern and
T is denotes to the vector transpos

The thermal noise vtages in the array
channels are assumed to be mutually uncorre
random signalswvith zero mean anw?variance
and it carbe expressed {7]
Xn(k) = [X,(Kk), Xa, ... Xn(R)]" ---(5)

The adapted array output of Fig.2 is performed
by multiplication ofthe received signals with tl
adapted weight vectgw]and it can be express:
as

y(k) = XL, wix; .. (6)
and in the vector form
Y(k) =WTX =XTwW . (D

Where W and X vectors are given

W = [W1'W2' ....,WN]T

... (8)
... (9)

Signal and noise in the adaptive array ante
system may be described in the termsthe
statistics properties, so this make possible
evaluate the system by its statistical aveE[],
where E[] is the expected value of any rand
signal, the evalation of satistical average leads
directly to interested quantities related to
second statistical moment such as covarii
matrix, which is closely related to correlati
matrix for stationary signa
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¥(k.0,9)

ADC=Analog to Digital Converter
D/C=Down Converter
W's=Complex Weight

Fig. 2. Adaptive array antenna model.

The covariance correlation matrix of recei
signals vector is defined as [6]

R, = E[X*XT] = [X*XT] ... (10)
Where R, is N X N autocorrelation matrix c
received signal and it is Hermitian (iR, =

T
Ri)-

3. Two Dimensional MUSIC

Estimator

(2D)

The MUSIC techniquas a simple, popula
high resolution and efficign Eigen structur
method for angle of arrivadstimation. In order t
estimate (68, ¢) by MUSIC, a circular arra
antenna system is used. The MUSIC sp
spectrunfor(8, ¢) is given by [6]

1

DF (6, =
©.9) = Foo oo
WhereC (6, ¢) is a spatial vector given

T i T
C(6,9) = [g,(6, p)e /77 Resin0* costo=v)|
.. (12)
forz=12..N andg,(8,p)is the I element
pattern. Q,, is a noise subspe set matrix
composed from (NB) Eigen vector associat
with the channel thermal noisemponent.

.. (1)

4. Mathematical Model for Proposed 3-D
Estimator

A circular array antenna with radius R in tt-
y plane is used in conjunction with the Linee
Constrained Mimum Variance Beam formin
(LCMVB) algorithm as a proposed system
estimate elevation angl@) and azimut angle
(p) of received signalsas well as signal to noi:
ratio (SNR) (i.e.3-D estimation).

The adaptive array output of Fig. (2) can be
expressed as[8].
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Ely(k,6,9)I* = EIWTX"(k,6,¢)|?

= WTR,,(k, 0, p)W* .. (13)
It is required to minimized the array out)

power according to the following cost functi

given by

min,,WTR,..(k, 8, Q) W* ... (14)
Subjected t6"W = CTW* =1 ... (15)
Where (T)s the transpose notatic (*) is a
complex conjugateandagger( t ) is a transpose
conjugate notation [¥]

FindingW . (6, ) to satisfy Eq. (14) and E
(15) can be accomplished by the method
Lagrange multipliers. Adjoining the constra
Eq. (15) to Eq. (14) performs 1 cost function.
The minimization of this function is giving

min,,B(W,W*) = WTR,.(k,0, p)W*
+A (Wtc (6,9) — 1)] ... (16)

The gradient of Eq. ()6with respect tW*|eads
to

Vi B(W,W*) = R,.(k, 8, p)WT + C*(8, p)A

.. (A7)
The minimum value of Eq. () is given by
Ry (k, 6, 0)Why + C*(6,9)A =0 ... (18)
Therefore the optimal weiglvector is
Wipe(6,0) = =Rz (k,6,0)C* (6, ) ... (19)

So the Lagrange multipliersh may now b
evaluated fom the constraint given by Eq. ).

c'(o, §0)Wopt 6,9)=1

CT(0,9)[-Rx (k,0,0)C' (B, @A =1 ... (20)

It then followsthat) is given b

A8, @) =-[CT(6, )Rz (K, 0,9)C* (6, )]

... (21)
Combining Eqg. (19) and Eq. (21) then yields
the optimum constrained weight vector

— R;J]C- (k:9r<.0) c* (9,(p)
Wopt(e' QD) - [CT(O,QD)R;% (k,e,(P)C*(G,(p)]

If Wop: (8, 9)is substitutedinto Eq. (3), the
output of the array systeny(8,@)will be
optimum when the azimuth angle(p) and

elevation anglg@)of constrail vectorC(6, ¢) is
coincide with the azimuth and elevation of :

.. (22)
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received signals in the range 6&1‘[0%]

andpe[0,2r]and it can be expressed as
y(k,8,¢) = W5, (6, 0)X(k, 6, 0) .. (23)

It can be seen from Eq. (22) that for each
received signals we have an optimum weight
vector W, (6, ) related to the incident angles
of these signals. This weight vector is updated
(i.e. changes its value) according to the received
environments.

5. Signal to
Estimation

Noises Ratio SNR(8, @)

Since we calculate the optimum weight vector
W, (8,9) according to Eq. (22), this weight
vector maximized the output of the array in the
direction of received signals according to the
constraint condition Eq. (15). So the output
voltage of the proposed array system due™o i
received signal isy;(k,0,¢9) and due to the
n"channel thermal noise voltageyis(k) and they
can be expressed as
yi(k'el (P) = WT(Q' (p)XL(k' o, (P) o (24)
Ya (k) = W' (6, 9) X, (k) .. (25)

Then the output powers for signals and noise can
be written as

Elyi(k,0,9)> = W' (6, 9)X;(k,0, p)|?

= W'(6,p)R;(k,0,p)W* (6, 9)
.. (26)
WhereR;;(k, 0, @) is a covariance matrix of ith
received signal under angle of arrival estimation
and it is equal to

Similarly the out power due to thermal noise is
Ely,(k)1? = [WT (8, )X (k, 6, 0)|?
=wT (9' (P)RnnW* (9' (,0) . (28)

R,, = dZI, whered? is the second moment of
noise signals (noise power) aifidis an identity
matrix of dimensions (NxN).R,,is diagonal
matrix due to thermal noise voltages in the
channels, they are uncorrelated signals (random
signals).

Now the output SNBY, ¢)which can be
estimated to each received signal to perform (3-D)
estimation (i.e. elevation, azimuth and SNR
estimation) is equal to

_ Elyi((k6,9)I?
SNR6, ) ==, Gor
T opt(6,0)Rii(K,6,0)W opt (k,6,9)

w ) ,0, ,0,
= Yo ..(29)
WTope(K,6,0)RnnWope (k,60,90)
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6. Simulation Results

All simulation programs were written in
MATLAB 7.10 and the following assumption are
considered:-

a) The number of array elements are taken to be
ten (N=10), isotropic and circularly distributed
on a circumference of circle in x-y plane.

b) The radius of the circle (R) of ten elements
array with inter-element displacement 0.5
equal to 0.8 according to Eq. (1).

c) The received signals are considered to be
statistically independent and uncorrelated.

The proposed 3-D adaptive array antenna
estimator in conjunction with (LCMVB)
algorithm is tested, evaluated and compared with
MUSIC DF technique according to the following
scenarios.

A- Senariol:- A two airborne transmitters are
cosidered to be transmittedon a same
frequency
with equal output powers.The received signals
are assumed to be arrived from different
elevation and azimuth anglés=45’, ¢;=150,
0,=60°, and ¢,=20C.The input received powers
areassumed to be equals and equal to 5dB.

Figures(3,4,5)show the result of estimating
elevation and azimuth angles in 2-D dr ¢
versus SNR) and estimating in 3-D
(6 and @versus SNR) of the two transmitters by
the use of proposed adaptive system. It can be
seen that the estimated angles in both planes are
coincide with the true angles of arrival of
received signals.

Since the input received powers are assumed to
be equales (5 dB), it can be seen that the proposed
system gives equal output SNR (14.1 dB) for both
received signals, which means that the proposed
system cansimultaneously estiméfe(and SNR)
parameters for all received signals.
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i i i i i i
theta —45 deg. ! } _ ! ¢ theta =60. deg.
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- — — SNR=14.92 —
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!
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Estimated Elevation-angle of arrival (Degree)

Fig. 3. Elevation angle 0 estimation by proposed
model.
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Fig. 5. Estimated 0 and ¢ versus SNR by

proposedmodel. 200
While figures(6,7,8) for MUSIC technique L R I I \ b
. . 5 . : H : . Estimated 2.D Parameters!
show the estimation off and ¢ angles versus H Eeimatet 2 Pavameters o ! .iﬁi;;;_di;_g_‘
DF output level. It can be seen that the DFoutput £ P e P
level for the estimated signals are not related in £ o
any way to the received signals input powers,

because the MUSIC DF output level which is an
given by Eq.(11) is related to the noise subspace
Eigen vector set,,) and not to the input signals -
parameters.The accuracy of estimated angles are oy, 07 1 2 et - a0
seemed to be identical for both cases.

- 90
80
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o 0

o of arrival (D egree)

Fig. 8. Estimated(@and ¢)versus DF level by
MUSIC.
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B- cenario 2:- two cases are considered.First, the

two transmitters are transmitting from the same
azimuth angles and from different elevation
angles 0,=3C, 01=150,0,=60", and
¢,=150.Second,twotransmitters are transmitting
from eqaul elevation angles and from different
azimuth angles 0,=50,¢,=10C,0,=50C",and
9,=200. The two sources transmit on the same
frequency with different transmitting powers. The
input received powers from sources are
considered to6dB and 9dB

It can be seen from figures(9and10) that the
proposed system estimaté, and SNR) for the
two transmitter in both cases with a high accuracy
although the two transmitters transmit from the
same azimuth or same elevation angles with
different transmitting powers.

It is also obvious that the output SNR's of
received signals are directly related to the input
received powers from sources. The (6 dB) input
power gives (15.55 dB) output SNR while the (9
dB) input power gives (18.58) dB output SNR in
both figures, which means that the proposed
system are fulfill the designing requirments for
estimating (3-D) parameters.

. . Estimated 3. Parameters =0
theta =60. deg. v 150

phi=150 deg. g I

SNR=18.58

Estimated 3-D Parameters -~

theta =30. deg.
phi=150 deg.

EINN SNR=15.99

=
&

%0
w o @ oo

- ’ ’ fvat (Degree)
%’s E\evaﬁunang\s of arrival (Deg

Fig. 9. Estimated (0 and @) versus SNR by
proposed system for equal azimuth and different
elevation angles.
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80 s : . REE
Estimated 3-D Parameters 4200
70 e theta=50 P 21D
phi=200
SNR=18.82 dB

Estimated 3-D Parameters

theta=50

phi=100
SNR=15.8 dB

Output SNR Level

Fig. 10. Estimated (0 and @)versus SNR by
proposed system for different azimuth and equal
elevation angles.

C-Scenario 3:- A three transmitters are
transmitting on same frequency with different
transmitting powers. The received signals are
assumed to be from different elevation and
azimuth angles =45, 01=150,
0,=60°,p,=200and 0;=75", ¢s=25C.Theinput
received powers from sources are cosidered to
be 6, 9 and 12 dB.

Figure (11) shows (3-D) plot for proposed

system.The result shows that the angle of arrival

estimation for the three transmitters are quite
accurate and identical to the angles of arrival

estimated by MUSIC techniquesee Figure (12).

It can also be seen that the proposed system
estimates the output SNR's for the received
signals and shows  different output SNR's
levels,since the input powersof recived signals are
assumed to be different while, a MUSIC
technique hasn't this capability. Figure (12) shows
that the DF level for the received signals which
they have different input powers are equals this
means that MUSIC technique can be considered a
(2-D) estimator rather than (3-D) estimator as the
case of proposed system.
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Fig. 11. Estimated (0 and ¢) versus SNR by
proposed model for three sources with different
input levels.
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Fig. 12. Estimated (@ and ¢) versus DF level by
MUSIC for three sourceswith different input levels.

7. Conclusions

A uniformly circular array antenna with a
modified adaptive algorithm is proposed to be
used as an angle of arrival estimator in two planes
(6 and ¢) and output SNR estimator
(i.e.3-D estimator).

The proposed (3-D) angle of arrival estimation
results shows that the system is equivalent to the
MUSIC technique from the point of angle of
arrival estimation accuracy view and it has a
privilege over MUSIC that it can estimate output
SNR for the received signals under two planes
angle of arrival estimation while MUSIC does
not has this capability.
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The estimated output SNR can be used to
estimate the distance to the transmitting sources,
since the estimated SNR is directly related to the
transmitted power and distance between
transmitting source and estimator (receiving side).
Comparing the proposed model with the well
know MUSIC technique shows that the proposed
model does not need any hard ware or software
orthogonality which is used by MUSIC to
calculate noise subspace eigenvectQrs The
orthogonality techniques which are based on
Singular Value Decomposition (SVD) technique
or eigenvalue decomposition technique are
computationally intensive and they need more
RAM size and more time processso that they
might not be suited for real time application
where the received signals must be tracked in real
time.

The optimum adapted weight vectdfqym in
the proposed system is directly calculated and
used to estimaté, pand SNR with minimum
computing steps. This means that the proposed
system can be used in a real time to track the
received signals.

The proposed model also offers the capability
to analyze and listen to the received
signals(hearing and technical analyzing features)
while performing angle of arrival estimation
which is an important tools for supporting
Electronic war-fare Counter Measures(ECM) and

Electronic  war-fare  Supporting  measures
(ESM)activities against these sources.
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