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ABSTRACT

A new and very speedy low-sidelobe pattern synthesis
method for linear array antennas with periodic element
spacing is described. This paper presents an efficient
method for the pattern synthesis based on neural network

modelling and Fourier transform method.

The proposed synthesis method provides important
improvements in terms of performance, computational
speed, elasticity, and ease of implementation in software
to the methods described in literature. A number of
fep;esentative examples are presented to demonstrate the
various unique capabilities of the method. The results

include sum and difference patterns for antenna array:

The approach combines a neural network with the
hardware limitations of the array to place nulls in the
directions of interference with small perturbations to the
far-field pattern. Excellent nulling resuits are possible for

most interference scenarios.

Keywords : Sector beam, Fourier method, neural

network, multibeam array antennas, synthesis method.

1. INTRODUCTION

Its often necessary to design an antenna array with certain

'J;édiation characteristics. It may be necessary to have the
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nulls in certain direction, or it may be necessary to have
the major lobe directed in a certain direction; also there
may be requirements for the direction aﬁd the level of
the side lobes. This is termed as beam shaping, and there
are some techniques to synthesize the arrays with a given

beam shape.

Fourier transforms method [1-2] can be used to determine,
given a complete description of the desired pattern, the
excitation distribution of a discrete source antenna system.
The derived excitation yields, either precisely or
approximately, the desired antenna pattern. Since
physically only finite dimension apertures are feasible,
the excitation distribution is limited and one can search
only for apprdximated solutions. Every time the desired
pattern contains discontimuities or its values in a given
region change very ra;ﬁidly, the reconstruction pattern will
exhibit oscillatory overshoots which are referred to as
Gibbs' phenomenon. On the other hand the radiation
pattern of an array is the product of an array factor and
the radiation pattern of a single antenna. As a result only
in the case of isotropic antenna calculated excitation
distribution yields the desired radiation pattern of the

array.

The Fourier transform method is the best suited for
patterns, which are analytically simple and can be
integrated easily. The integration required for this method
can be done numerically with a computer with height

efficiency.

The inherent nonlinearities associated with antenna

- radiation patterns make antennas very suitable candidates
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for NNs [2]. Neural networks have been used successfully

in:

1-Varying the usable bandwidth of microstrip patch

antennas.

2- Estimating the angle of arrival of signals in a mobile

communication environment.

3 Detcrmirﬁng the excitation coefficients in phased array
antennas to change the direction of the radiation beam

for target.

The method described here uses NNs to predict the
excitations coefficients (amplitude and phases). The NNs
is trained with a set of the design parameters and their
corresponding radiation patterns. Once the NNs have been
trained, it can be used t predict the design parameters if
a new pattern are presented to it. Actually the network
can be trained to predict the complex weights (the

amplitude and phase).

in this paper we propose a simple analytical method which
takes into consideration the influence of the radiation
pattefn of a single antenna on the resultant array radiation
pattern. The method was verified experimentally for the
case of sector beam radiation pattern of quasi-yagi

antenna arrays.

The paper is organized as follows. In section I, the
problem formulation of one-dimensional array is shown
with the relation of the weights, array factor and translated
wavenumber with Fourier method. In section III,
numerical results from various computer simulations are
shown to present the overall performance of the proposed
technique in section I'V, the neural network based on back-
propagation technique is developed and applied for
synthesis of antenna array. In section V simulation and

measurement result. Finally, section VI summarizes the

concluding remarks of this paper.

2. ProBLEM FORMULATION
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The mathematical model for a linear array with isotropic
antenna clements lying along the x axis with elements
positioned at locations X ,n=0,1,2...n ,will have

. _ A - . .
displacement vectors d =x X is givenby:

AF(9,9)=Tiye™ I = pifFPnIOSe )
n n

Where we set k, = ksingcosg For equally-spaced

arrays, the element locations are X, = nd , where d is the

distance between elements. In this case, the array factor

becomes:

AF(B,@) - E:l.i'lejrilm‘sm@cosqu @)
n

Because the angular dependence comes through the
factor k,d = kd sin G cos ¢, [3] we are led to define the
variable: y =k,d = kdsinfcosg (Digital wave
number) Then, the array factor may be thought of as a
function of ¥ Where : '

2
k = — wave number.

A wavelength.
d spacing between elements.

@ angle of incidence of electromagnetic plane wave.

i, = |in lej ?» Complex array weight at element m.

n number of elements.

AF(p)=Tiye V" @
R
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Figure 1 : Geometry Of a N-element Equally Spaced
Linear Array Along X-axis. Which Has n Equally Spaced

 Elements Along The Axis. The Element Spacing Is Half-
Wavelength, |

A. Fourier Series Method

This method is practical to determine the amplitude
distribution of a continuous line source, but can be
adapted to determine the excitation amplitude of an
antenna array. The method is based on the inverse [4, 5]

discrete-space Fourier transforms of the array factor.

1) If N is odd, say N = 2M *, we can define the element

locations X symmetrically as:

m = 0,11,£2,... M

The array factor can be written then as a discrete-space
Fourier transform:

M -
AF{p ) = 2 ™Y (5)

Jay i_,,,e_'”"u/]

. . " - %{ [.
=in + i €
0 m=1t"

if) If N is even, say N = 2}/ , in order to have symmetry
with respect to the origin, we must place the elements at

the half-integer locations:

' ' d IR
o i(md——]=i md~—d, m=12,..M
a 2 2

Tim

The array factor will be now:

M . ,
| AF(W)=mZ=][imej(m-1/2)wH_me—J(m-l/z)w] ©

In particular, if the array weights am are symmetric with
respect to the origin, i, ={__, as they are in most design '

methods, then the array factor can be simplified into the
cosine forms:

M
AF(W)= iﬂ +2 Zlim cos(my/), (N =2M+1)
= BN )
M
4F(y)=2 2 iy cos{(m=1/2)u), (¥ = 200)
m=

As an example of the Fourier series method, we discuss
the design of an array with angular pattern confined into

a desired angular sector.

First, we consider the design in ¥ space of an ideal

bandpass array factor centered at wavenumber Y with

bandwidth of 2/, . We will see later how to map these

specifications into an actual angutar sector [3]. The ideal

bandpass response is defined over —w Sy <7 as

follows:

AFgp (v)= {1’0,

Vo~ ¥p S¥ Sty
otherwise

®)

For the odd case, the corresponding ideal weights are.

~ inverse transform.
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. 1z \ -
igplm)= E_Iﬂ AFBP(W)E Y dy

i (%)
= Jj“”“l.e‘f’""’dw |
2m Yoy
Which gives:
—J sinly , m
ip(m)=e 0 V0 «-—(--13-) ,m=0,£1,42,... (10)
7w

This problem is equivalent to designing an ideal lowpass
Tesponse with cut-off frequency Y, and then translating it
by .
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AFpplv)= AFply') = AFLP(W - Wo)

wherey' =y — ;. The lowpass response is defined

as:

L, —w, Syp's
AFy p (W) _ VsV =¥,
0, otherwise

(1
and its ideal weights are:
: 1 N,-smw’ ] 1 —jmy +
zLP(’ﬂ)=Ef;AFLP(W)3 "dy =a‘ﬁ21‘e dy

_ sin(y/bm)
- m

Therefore, as expected, the ideal weights for the
bandpass and lowpass designs are related by a scanning
phase: :

ip(m)= e, (m) kY

Therefore, the design specifications are the guantities
(Vp-¥po Ay, Alternatively, we can take them to be
(¥ p-Aw, 4), where Ay = ¥y ~¥p is the transition
width,

,”“"’b

O ¢,

1 gy;
Wbix "

, T
¥p

Figure 2 : Specifications Of Equivalent Lowpass

Response.

The propose steps for the bandpass response using the

Kaiser window are summarized below (Fig.3):
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From the stopband attenuation A,
calculate (a, D) of the window.

v

From the transition width ? , calculate

the length of the window
2aD
by =
N-1

!

Calculate the samples of the Kaiser

window:
I (a\}l— m2 /Mz)
w(m) = 0 -
' o (o)

{

Caleulate the ideal cut-off frequency wy by
taking it to be at the middle between the
pass band and stop band frequencies:

1 1
wb=—(w +w3)=¢f +— Ay
2" F Foa

T

Caleulate the final windowed array
weights.

() = w(m)e_fm"”o i(l::ﬂ

Figure 3 : The Design Steps For The Bandpass
Response Using The Kaiser Window :

Where
Iy (x) : Bessel functions of first kind and zeroth order.

D, o : Window parameters.

The propose method can be extended to the case of even
N =2M . The Kaiser window remains the same for
note  the

m==+142,... M. We symmetry

w‘(— m) = w(m) . After windowing and scanning with

v, we get the final designed weights:

+ jlm=1/ 2}y sin(i// (m - 1/2))
fem)=wlme 0 *E—?ﬂ'jﬁ— (19)
=12, M
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After that, we use the above bandpass design in \-space
to design an array with an angular sector response in
space. The ideal array will have a pattern that is

uniformly flat over an angular sector [@,, @,]:

I, ¢y 2@=g
AF — 1 2
(ga) {0, otherwise

(15)

C- Multibeam Arrays
An array can form multiple narrow beams towards

different directions. For example, suppose it is desired to

form three beams towards the steering angles @, @, and ..

The weights for such a multibeam array can be obtained
by superimposing the weights of a single broadside
array, [6] say i(m), steered towards the three angles.

Defining the corresponding scanning phase's

w;=kdcosg;,i=1, 2, 3, we have:

AF(mYy= Ae™ ™" i(m)+ Ae ™" i{(m) + Ay i(m) (16)

Where m = 0, £1, 2. . .M and we assumed an odd
number of array elements N = 2M + 1. The complex
amplitudes A1, A2, A3 represent the relative importance
of the three beams. The corresponding array factor

becomes:

AF(y) = Aily — )+ Aily —u,)+ Aily —¥3) (7

and will exhibit narrow peaks towards the three steering
angles. More generally, we can form L beams towards

the angles ¢, 1= 1,2...Lby superimposing the steered

beams:
L —jmy; 18
AF(m)= _ZlAr-e FiGm), m = 0¥l 32, M (18)
l:
wherey; = kd cosg; ,i=1, 2,..., L.
v snlg)
i(m) = w(m)e —_— (19)

wmn
m=0,x1,%2,... M
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For an even number of array elements, N = 2M, we replace
Eq (18) with:

AF(Em) = élA,-eij(m_UZ)wj (), m=12,..M 20)
=
Where
] ij(m—-l/Z),r/ sin (z,ub (m -1/ 2))
{m) = wlonk 0 e

a(m~112)
m=12,.,M

For either even or odd N, the corresponding array factor

will be the superposition:

L
AF() = 3 A iy ~ ;) (22)
P AF((/;)

beam _1 beam _2 beam _ L

Figure 4 : Multibeam Array (Desired Radiation Pattern)

To illustrate the performance of the method described in
the earlier section for steering single and multiple beams
in desired direction by controlling the amplitude and
phase excitation of each array element, three examples of
uniform excited linear array with N = 16, one-half

wavelength spaced isotropic elements were performed.

The results of steering beam in the direction of the

desired signal are presented in Figs 5, 6 and 7.

In this section the Fourier transform method is applied so

as to determine the excitation coefficients and the
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resultant pattern for a broadside discrete element array
whose array factor will closely approximate the

synunetrical sectoral patiern.

To more demonstrate the validity of Fourier method, a
relatively complex case, a sector beam paitern design, is
attempted here. In this design, the same 16-element array
in Fig. 1 is used, but both excitation magnitudes and
phases of the array elements are to be optimized to shape
the antenna pattern [7]. This offers 16 columns for
magnitudes and 16 columns for phases, is adopted in this

sector beam pattern synthesis,

In Figs. 5, 6 and 7, three design examples having sector

beam:

[@1,9:3=[50° 120°], or center @ = 85°  and width ¢, = 30°.
[@1,0:1=[60°% 100°), or center ¢, = 80°  and width ¢, = 40°.
[onpa}=[75° 80°], or center o, =77.5" and width @, = 5"
The number of array elements was N = 16, with half-
wavelength spacing d = A/2. The stopband attenuations
A =30dB. The desires for the sector beam pattern are
shown in Fig 5 using dashed lines. To define the sector
beam, there are two specific angular regions. Region I
ranges from 50° to 120°, Region II controls the sidelobe
levels, which are all below 30 dB and between {135° and
1809 and (0° and 30°).

i i i
1] 2 40 60 B0 B0 120 146 {60 180
¢( Degree }

Figure 5 : Sector Beam Pattern Of An 16-element Linear
_Array. The Dashed Lines Are The Desired Pattern, Which
Requires Ripples In Region I at {50° ;120%] And Sidelobe

Levels In Region Ii Lower Than -30 dB.
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AF(BY

A B - e gy

@0 i i ; B

20 2} 20 40 B0 B0 100 120 142 160 180
4{ Degree )

Figure 6 : Sector Beam Pattern Of An  16-element
Linear Array. The Dashed Lines Are The Desired
Pattern, Which Requires Ripples In Region I At
[609; 100° ] And Sidelobe Levels In Region Ii Lower
Than -30 Db.

10 T A SR A
o Regon] SIS

I?ag':un Ii. Rsaiaﬁ 1l

.........................

=

.................................

amplitude(dB)

120 120 140 160 18D
#°)

Figure 7 : Sector Beam Pattern Of An 16-Element Linear
Array. The Dashed Lines Are The Desired Pattern, Which
Requires Ripples In Region 1 At [757; 80° JAnd Sidelobe
Levels In Region Ii Lower Than -30 Db,
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TABLE 1

Computed Element Phases and Magnitude

for Figures 5,6 And 7

Synthesized excitations
o 0 o
@ =50 Py =60 P =735
o 0 o
Py =120 @y =100 @, =80
(o] o] (o]
Ap =70 Agp =40 Ap=5
Fig.5 Fig.6 Fig.7
A 30dB 36dB 30dB
m arg i(rn) Ii(m] argi(m) l:(ml argi(m) ii(ml
1 361 0.0525 3028 00137 VT 0.0036
3 8353 00338 169,08 0.0H3 IG7.006T | 0.00%
3 | -3z 00250 16154 0.0250 1355747 | 00216
4 117 o052 3782 0.0038 753481 | O0459
5 397 00674 AT 0,0742 1361272 50747
I3 15787 0.0956 106,57 0.0345 973051 0.0037
7 16072 9.0068 34.05 0177 583831 0177
8 647 [ES) 368 0004 153610 01520
) 542 05483 1458 0.4004 19.4630 01470
10 5072 0.0068 405 [N¥ii 583831 C1377
T 14787 00556 106657 T6346 573051 01037
12 =A.97 00674 7719 i) 36327z | 0AT
13 2217 0.0052 3782 0.0038 EECATC N
14 109.32 50250 -161.54 0.0350 145.9287 [T
15 3353 0.0335 T43.08 0otz 1070087 | G0M6
16 I 0.0079 3078 00137 Ti7%154 | 00036

Table 1 illustrates the wave number translation process
arid the corresponding rotation of the angular pattern, for
an 16-clement uniform array with d = A/2, steered for

different sectors [50°, 120°], [60°, 100°] and [75°, 80°L.

Figs 8, 9 and 10 shows the synthesized radiation pattern
of 16-element multibeam arrays with half wavelength
spacing, and steered towards the different angles @45°,
@90°, @120° and @150°. The broadside array was
designed as a Taylor-Kaiser array with sidelobe level of

R =50, R=40 and R = 30 dB.

Régiun [ : i

A

AF(dB)

3 1© & 9
B 100 120 10 0 180
¢ Degres )

Figure 8 : Multibeam Arrays (2 beams @45°and @90°)
s with A = 50 dB Sidelobes,

T T
' Fet 14
! F{eg‘tunli CRElg
Lbes
Region Il ,
1] R 15 S Bat
LY ] K P
£ 35 % 20 b LN
_ H 1
g LY :
[y 1
< ] 1
it I
] ] 1
S Sl -
| 1 H
IS AN D "t i}
1 ] ?’ ]
A-p-d-p -1 R 1
| 1 | £ 1 :
'l Pl - p g hilg o I
a0 80 =) 00§20 140 183 180
&( Degrea }

Figure 9 : Multibeam arrays (3 beams@45°, @90° and
@120° with A =40 dB Sidelobes.

[
..} Regionll

T

AF(IB)

NN ¥
h
i
120 140 180 180

Ly
0 =2 4 & 8 18
&( Degree }

Figure 10 : Multi-beam Arrays (4 beams @S0°, @90°,
@120° and @150°) with A = 30 dB Sidelobes.
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Table 2 illustrates the wavenumber translation and the
corresponding rotation of multibeam antenna array for
16 elements uniform array with d = ?/2, steered for
different angles {2 beamns @45 o and 900} with sidelobe
level A=50dB, (3 beams @45 0,90 o and 120 o) with
A=40dB and (4 beams @50 0,90 0,120 o and 150 o)
with A=30dB

Table : 2 Computed Element Phases And
Magnitude For Fiures 8,9 And 10
Synthesized excitations
o] [+] 0
0 o] Q
gy =120 gy =100 py =80
o o o
Aq9=70 Ag0=40 A@:S
Fig.5 Fig.6 Fig.7
A 30dB 30dB 30dB
m argi(m) |i(m] argi(m) li(m} arg i(m) |:'(m1
1 83.61 0.0020 40.28 0.0137 11.5154 0.0046
2 83.53 0.0235 +16%.08 ¢.e112 -107.0067 0.004¢
3. -109.32 0.0290 161.54 0.G350 -145.9287 0.021¢
4 -122.17 0.0052 -47.82 0.0038 175.1452 0.0459
5 44.97 0.0674 -71.1% 0.0742 1362272 0.0747
6 -147.87 0.0956 -306.57 6.0346 97.3051 0.1037
7 _’160.72 0.0068 44.05 G177 58.3831 01277
8 6.42 0.5483 14.68 C.4004 19.4610 0.1420
1] -6.42 0.5483 -14.68 0.4004 -19.4510 D.142¢
10 160.72 0.0063 -44.05 0.1777 -58.3831 0.1277
11 147.37 0.095¢ 106.57 0.0348 -97.3051 0.1037
12 -44.97 0.0674 7719 0.0742 -136.2272 0.0747
i3 {22.17 0.0052 47.82 0.0038 -175.1492 0.0459
14 109.32 0.0290 -161.54 0.0350 145.9287 0.0216
15 -83.53 0.0235 169.08 0.0112 107.6067 1.0046
16 83.6184 0.0029 -40.28 00137 -111.9154 0.0046

4. SynTHESIS Using NEURAL NETWORKS

The NNs (Neural Networks) have to be trained with as
set of the input-output data pairs. The radiation pattern is
used as the input data, and the design parameters
(i m s P ) are used as the output data. The array factor
can be sample at different angles and presented to the
NN. Regardiess of the NN architecture chosen to solve
this problem, to describe the pattern correctly, a large
nuribers of samiples are necessary, and the number varies

with the complexity of the pattern.
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All input data presented to the NNs [8] have to be
normalized so their range varies from 0 1o 1. The array
factor is normalized next. The element distances are
expressed in terms of wavelengths and their excitation is
normalized with the magnitude of the largest excitation

of the elements of that particular array.

To check if the network can predict the excitations
(amplitnde and phase) required, a training file is created
with the Fourler coefficients of the array factor as the
input and the number of elements, expressed in binary

format as the output.

An MLP, with back-propagation algorithm training waé
used with matlab 6.5 toolbox. The NNs consisted 17
input nodes, {xl (p),...,xl-, (p)J and 16 output nodes

(16 antenna array), and one hidden layer.

A neural network is a considerable and parallel
computation structure composed by nonlinear individual
units known as neurons. The knowledge contained in the
network is obtained through a leaming process and is
stored at the interconnections between neurons. A
simplified model for a neuron is shown in Fig. 11. Its

behavior is expressed as:

P
y=g Jéle-xj -8

Where

(23)

go() is the activation function, are the weights apphed to
each imput X, , k =1,.., K are the inputs, and & is the
threshold or bias term. This simplified model is known
as perceptron. The activation function allows separation
of inputs through hyperplanes. The most common

activation function is sigmoid.
The process to train and test 2 designed neural network:

1) We make training patterns and test patterns.
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2} The neural network architecture is designed and
trained by newff MATLAB function with input patterns

and training parameters.

3) We can easily check the result by using a sim
MATLAB function.

Training Patterns (input data)

Taput (x): [x]s ;7 | (17 Sector beam) with x,, [0.1]

Desired output : lid]z.’godl yeers idlségodmj (Desired

amplitude and phase synthesized by Fourier transform -

method)

Table : 3 Typical Values Of Parameters Use In Back-

propagation Algorithm
Parameters Symbol value
Neuron in the input layer K 17
Neuron inthe output layer 7 16
Neuron in the hidden J 30
layer
coefficent of training n 0.03

Figure 11 : The Neural Beamformer Architecture

Fig.11 shows the architecture of network after training:
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Performance is 9.860718-008, Goal is 1e-007

Training-Blue Goal-Black

1 1 : 1 . s L . . ;
200 400 600 8O0 1000 1200 1400 1600 1800 2000
T 2148 Epochs

Figure 12 : Performance

The training phase is illustrated in Fig.12. It represents
the evolution of the mean square error between exits of
the NN and samples given according to the number of

epochs, the gotten final error is 9.96071 10°%,

5. SiMULATION AND MEASUREMENT RESULT

The proposed scheme has been tested with good results.
An 8 element collinear half-wavelength (band 2 to 2.7
GHz) quasi-yagi array with centers separated is now
used for synthesis purposes considering voltages with

variable amplitude and phase.

The geometry of the quasi-yagi array and its feeding
system with afl the geometrical parameters is shown in

Fig.13. The final dimensions of the circuit are:
W =W =W =W =W, =316 mm;
We=8=1.58 mm;

WDip =4 mm; .

Sger = 25 mm; S, =S, =19 mm;

=65 mm.

L,,=54 mm, LDH. =24mm; L, .

These dimensions have been obtained after optimisation

of the total circuit. As the microsirip to coplanar stripline
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transition exhibits good characteristics, only the antenna results of the reflection coefficient from both simulations

geometry and the coplanar siripline dimensions have " and measurement {12] are compared in Fig 16.

been adjusted manually. The following sub-sections Frequancy (Ghz)
. 15 1,7 18 2 21 22 23 24 25 28 27 3 32 35
reports the characteristics of the optimum aatenna in ° ' ~
3.5 Ghz
ferms of input impedance response and radiation *1
— -10
characteristics. ; k
@ 45
Wee > ;
e Simuslation :
251 e MEasurement
30

Figure 16 : Measured and Simulated S,

Fig.16 shows the simulation and measurement results

for the antenna (quasi-Yagi) at the resonant frequency.

The characteristics of the antenna were simulated

between 1.4 GHz and 3.6 GHz. Fig 17 and Fig.18
Fi 13: -y Of Th i-yagi , .
1gure Geometry Of The Quasi-yagi Amenna present the profit of the antenna according to the

frequency.

In short, the antenna with the following characteristics:

- Band-width: 450 MHz centred to 2.45 Gllz.

- Gain: 7.743 dB.

Figure 14 : Antenna(quasi-Yagi) Directivity: 15.484
- Directivity: 15.484.

- The -3dB width: 125 degrees in the plan H and 80
degrees in the plan E.

Etheta Ephi

Mag. [V]

T
!‘U (=]
[=]

Figure 15 : 8-Element Prototype THETA

The optimized antenna was first simulated on an infinite Figure 17 : Radiation Pattern In The Plan E ((p=90°)

substrate with the Advanced Design system 2002. The And In The Plan H (9=0°) (Elementary Antenna)

751




Karpagam JCS Vol. 2 lssue 5 July, - August. 2008

Figure 18 : Radiation Pastern (E phi) (f=2.4583 GHz,
Elementary antenna)

A- Prototype

A prototype of 8 collinear half-wavelength stots with as
separation between consecutive slot centers has been
designed and constructed for a frequency 2 to 2.7 GHz.
The antenna has been constructed using a feeding
network based on microstrip transmission lines with
feeding values (attenuation and phase shift) calculated
using the proposed Witkinson techniques. The feeding
petwork is shown in  Fig. 19. In our study one will

replace this technology by a neural networks model.

Figure. 20. Radiation Pattern (f=2.45 GHz, 8-Element
antennz quasi-yagi) In Plan 1
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vl

Figure 21.Radiation Pattern (£2.45 GHz, 8-Element

antenna quasi-yagi) In Plan 2

Fig.20 and Fig.21 present the radiation pattern simulated
with Advanced Design system 2002 in two different
angles from visualizations with a uniform excitation,
therefore the form of the radiation obtained on the

desired frequency band.

The profit is indeed with its maximum for angles close to

0° and the diagram present moreover one quasi-perfect

symmetry.
B-switched Beam Smart Antenna System

A switched beam smart antenna system can be realized
by breaking the whole system down into four major

building blocks for ease of analysis [9].

The switched-beam arrays comprise beamforming
networks and a beam selection neural model, as shown in

Fig20.

The neural model selects the beam with maximum power
response by switching the beams. However, the adaptive
array antennas incorporate more intelligence than the

switched beam arrays.
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i XD j(u—-.' + q)m) l

i

gl |

(1) = o ()

Figure : 22 Schematic Diagram Of A Beamforming
Network

The Neural networks are a suitable beamforming
network that can be used together with an antenna array
for switched beamforming. Sector beam and multibeam
are formed and steered towards the desired user to
minimize interference from other users, using less
transmit power as compared to an omni-directional
antenna. There has to be a phase change at each of the
fadiating antenna clement so that the wavefront formed

will give a number beams.

This switched beam system works based on the strength
of power and a neural model [10-11]. The
implementation incorporates the use of a linear antenna
fed by neural network as a beamforming network, with
possible method of improving DOA resolution being

incorporated.

6. ConCLUSION

In this paper, a global optimization technique based on
Fourier transform method and neural network technique
are applied so as to determine the excitation coefficients

and the resultant pattern for a broadside discrete element
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array whose array factor will directly approximate the

symmetrical sectoral pattern.

The implementation system is described in detail, and
linear antenna array examples are discussed to
demonstrate its validity. Optimized results show that the
desired array factors, a null controlled pattern and a
sector beam pattern, are effectively obtained. It is found
that neural network is an excellent candidate for
optimizing diverse applications, as it is easy to realize

and converges to the desired patterns rapidly.
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