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Abstract- The synthesis of uniformly spaced linear
array geometries with minimum sidelobe level and
beamfor ming capability using genetic algorithmsis
presented. The iterative process aims not only at
matching the desired pattern to the desired one but
minimizing the sidelobe level as well; through
optimizing the eement excitations. Various
examples are included to demonstrate the design
effectiveness and flexibility namely for switched
smart antenna systems applications.

Index Terms- Linear arrays, pattern synthess,
sidelobelevel, genetic algorithms.

the nulls with varying degrees of accuracy and
flexibility [2,3].

In general synthesis problems can be treated by
classical methods, but each of these is developed i
response to a given class of problems. If the tiadia
pattern has many constraints we have to use nuaheric
optimization techniques. However, we have to takte i
account the limitations of these methods; espgciadal
minima trap problem, the restrictive requirements o
continuity and the existence of derivatives. In ¢thse of
large arrays the problem is more critical and thieton
space is very large ssxhaustive checking of all possible

phase-amplitude excitations and-or element postisn
very difficult for the methods based on determinist
rules. Hence we must reject calculus-based methods
because they are not robust and thus other heuristi
In modern wireless communication systems, smart algorithms such as Genetic Algorithms (Gas) will be
antennas are playing an important role, which may b unavoidable. The literature has reported some works
one of the indispensable techniques in the third an about the application of GAs for general electronsdiy
fourth generation systems. Antenna pattern syrghesi problems [2-7] and particularly for the synthesisda
constitutes an important topic in the smart anteima  design of array antennas [7-13].Genetic algoritrares
which the speed and robustness of algorithms are th classified as global optimizers while more famijliar
key points [1]. traditional techniques such as conjugate gradiedtthe
quasi-Newtonian methods are classified as local

Smart antenna systems, mainly the switched beaen typ optimizers. Thg Fiistﬁnction bgtween llocal and globa
in our application, communicate directionally by search of optimization techniques is that the local
forming specific antenna beam patterns and sefpctin {€chniques produce results that are highly depenaien
one of them (based on weighted combinations of the starting point or initial guess, while the gibb
antenna outputs) with the greatest output powehén methods are highly independent of the initial ctiods
remote user's channel [2]. When a smart antenna[3-4]. Though they possess the characteristic ohge
directs its main lobe with enhanced gain in the fastin convergence, local techniques, in partictfe
direction of the user, it naturally forms side Iskend ~ 9quasi-Newtonian techniques, have a direct deperdenc
nulls or areas of medium and minimal gain ©N _the existence of at Iea_st the first denyanm .
respectively in directions away from the main lobe. addition, they place constraints on the solutioacep
Hence the level of the sidelobes needs to be asSuch as differentiability and continuity, conditgthat
mimimum as possible for the sake of interference areé hard or even impossible to deal with in pracfd].
reduction. Actually, different switched beam and The global techniques, on the other hand, are llarge

adaptive smart antenna systems control the lobés an independent of and place few cons?raints on thetix_;ol
space [3]. An advantage of Genetic Algorithms iat th

I. INTRODUCTION
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they can be used on many problems where traditional This is a polynomial of degreM-1. From complex

techniques cannot be applied easily. This is often
case in problems which are formulated discretelgnay
contain non-differentiable functions. Another attian
arises in the simplicity of the algorithms and Hese at

which they may be programmed. There are many AF(9)=a (z-2z)(z-2)(z-2)..(z-2,,)
different types of Genetic Algorithms with new

techniques being developed constantly. The syrdhafsi
uniform linear array patterns with emphasis on Isioe
level reduction has been considered by some author
the specialised literature [I11-12-13].

Particularly, the Schelkunoff Polynomial method J[12

is very suitable to synthesize uniform linear asreyth a
radiation pattern specified by several nulls. Insth
method the array factor is viewed as a polynomiabse
roots are located in the complex w plane; the ®githis
carried out by appropriate placements of the roothe
complex plane. Since there are too many posséslitd
achieve the appropriate solution, exhaustive chmeckif
all possible complex excitations is difficult witthe
optimisation methods that use deterministic rulétsder

these conditions GAs acquire importance becausg the
use random search methods, are robust and capfble o

solving complicated problems [3-4]. Synthesis
procedures pertaining to uniformly spaced lineaays
for sidelobe level reduction are quite limited icope

variables and algebra, any polynomial of deghtd

possessel-1 roots and can be expressed as a product of
N-1terms as follows:

(4)

Wherez, %, z..., % are the roots of the polynomial
and may be complex.

The magnitude of the array factor may be expressed
as:

(®)

|AF (8)] =

a,||z-z|z- z,||z- z|.|z- z, |

The complex number z of equation 2 can be written
as:

z=|Ze"

(6)

With
)

Some very interesting observations can be drawn fro
equation 5. When all the roots are not on the cinile
but lie outside or inside of it, only those roots the

v = kdcos@) = 27”d cos)

when compared to those for matching the desire&"c'e will contribute to the nulls of the pattetdence, it

radiation pattern only.

In this work, the equally spaced linear arrays fas
synthesised using the Schelkunoff method to match a
priori desired pattern. Then, the constraint ofekie
level reduction is introduced by forcing it in tfimess
function.

I.LMATHEMATICAL FORMULATION

The array factor for a uniform linear array of N
elements with an inter-element spacing d is giwen b

N N

— j(n-1)kd cos(6) _ -1y 1
AF (8) ;Ine ;Ine (1)
Where:
I, is the excitation of the element n.
k is the wave number.
dis the spacing between the elements.
Letting:

Z= X+ ]y = @V = gli(kdcos(8) (2)

Expanding and rearranging we get:

N
AF(0)=) az"'=a +a,z+a,2"+..+a,z"" (3)
n=1

Is possible to select the root locations so ashtaio a
desired pattern. If the firdfl roots of (5) denoted by w'
are not on the unit circle then (5) can be writien

AF=1]-2)[[@-2)

k=M +1

8)

By controlling the amplitude and phase of thseoots,
we can control the shape of the pattern. Oth&-M
roots corresponding to nulls are located over thi# u
circle in fixed positions.

The synthesis procedure using the Schelkunoff naetho
married with genetic algorithms consists in thédieing
steps. The works is divided into two partas: withou
sidelobe level reduction constraint and with sibelo
level reduction constraint. In what follows we assuan
array with N equally spaced elements. In the Sahelk
method, an array factor of an array with N elements
possesses N-1 roots so that the synthesis procéaiure
the first part becomes:

1- The radiation pattern is specified usiNgl-M nulls
(whereM is the number of the roots not lying on the unit
circle), andP target points. Figure 1 shows an example
of how to specify the null locations along with ttaeget
points.
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the phase. The initial population was generated
randomly. The selection strategy was the rouletieed
(fitness proportionate selection) and the crossové¢he
single point crossover. The mutation rate wasce8tQ5s.

N1 N, N3 Ns Ns Nes >9 I1.RESULTS AND DISCUSSION
Fig. 1 A sampling scheme of the desired radigtiattern.

The approach presented earlier has been applied to

2- An individual of dimensiorN-1 (the roots of the different linear arrays. Particularly, 30-element at0-
array factor) is a set of amplitudes and phaseshef element arrays have been chosen as the work irhHs5]
different roots. These roots include the ones d®jithe peen concluded to the fact that the Schelkuntdthod
locations of the nulls (called fixed roots) so thta¢ GA  \orks better with large arrays. At start up, the @vrays
varies only those roots not lying on the unit @rcl have been synthesized for radiation pattern magchin

3- An individual is going to generate a certain pyrpose only. Then the sidelobe level constraistteen
radiation pattern that differs from the desired dwyean included. Three direction of the main beam havenbee
error that is quantified as follows: chosen for each array: 0°, 30° and —60°. Satisfacto
results were achieved. Figures 2.a, 2.b and 2aw sthe
resulting patterns of the 30-element array alontt Wie
— (9)  samples of the desired pattern having the main beam

Q, directed towards 0°, 30° and —60° respectively.

WhereQ@ is the desired radiation pattern value (target)
— calculated using GA
O desired points ]

Q, -T,)|

_1s
ei—PZ

k=1

at angular positiofy and-|; is the pattern generated by :

the individual at the same poiéit
4- The fitness of an individual is related to theoerr
generated by this individual as follows:

1
10

1+\/g. (10) 07

The definition of the fitness this way makes the
optimization problem a maximization one rather tlelan 0
minimization with the error function.

For the second part, the fitness function is medifio
contain the sidelobe level term. This is done by
introducing a penalty function defined as follows: 04

1
F-:—
! 1+\/€

Where Fg, is the penalty function introduced to take
account for the sidelobe level reduction and isneéef as
follows

F=

array factor
S

+ FS” (11) 03

02

SLL-SL . .
. —Ld if 9L> SLLd 20 150 100 ENREIRERE) 100 150 20
FS” =J SLLd (12) theta, degrees
0 otherwise Fig. 2.a. The radiation pattern of the 30- elenzeray having main
beam towards 0° along with the desired sample point
The desired sidelobe level has been set to —20 dB
which is a typical value for all modern communioati

systems. Notice that for the three chosen angles, the maambhas

been matched at exactly the desired direction. ,Alsnull

The genetic algorithm was coded in binary, with ap'lacement has been 100% successful. However, the
populat?on of 80 ﬁqembers (arrays) and an intgr-ehIm sidelobe level exceeded the beforehand set valdidamce
spacing d#/2. The complex roots in the complex planeneeds to be reduced to meet the requirements oemod

were coded using 32 bits: 16 for the amplitude Eéor communication systems.
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Fig. 2.b. The radiation pattern of the 30- elena@mdy having main beam ' » - theta, degrees

towards30° along with the desired sample points

Fig. 3.a. The radiation pattern of the 40- elenserdy having main
beam towards 0° along with the desired sample point
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Fig. 2.c. The radiation pattern of the 30- elen@ndy having main
beam towards —60° along with the desired samplet®oi

For the 40-element array, figures 3.a, 3.b andsBawv
the resulting patterns again for 0°, 30° and —68°
directions of the main beam respectively. It ibéonoticed
that the directions have been matched perfectlygaigith
a 100% success in placing the nulls. The sidelebel lis
less than that of the 30-element array becausmpbsing
the same high value of the directivity of the dirngty and
knowing the compromise that exits between direfstiaind
sidelobe level, as the number of the elementsri@sased,
the sidelobe level has to decrease. However, theesaot
still overtake the desired ones and hence addgesbia
issue of sidelobe level reduction is mandatory.
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Fig. 3.b. The radiation pattern of the 40- elen@nay having
main beam towards 30° along with the desired sapuilets

In conclusion to this part, the exclusion of thdesbbe

Alevel from the optimization procedure has outcowmidyf

satisfactory results and to complete the designraadt
the modern reliable system requirements, the deelo
level has been introduced in the second part utieg
penalty function defined in equation (12). The samay
specifications have been used to have the sams tmasi
comparison and to assess the sidelobe level reducti
success or failure. Again, the same three angles been
chosen with the same null and sample point
specifications. For the 30-elemen array, the reskibw a
considerable sidelobe level reduction. Figures4tiaand

[JMOT-2008-5-318 © 2008 ISRAMT
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4.c show the resulting patterns along with the onesarray, the resulting patterns are shown in Figires

obtained in the first part for comparison.

theta, degrees

Fig. 3.c. The radiation pattern of the 40- elena@rdy having main
beam towards —60° along with the desired sampletgoi

| === Without SLL reduction
O drsired points

— With SLL reduction constraint

20 Tas0 100 Ts0 0 e 100 T1s0 20

theta, degrees
Fig. 4.a. The reduced sidelobe level radiationgpatof the 30-
element array (towards 0°) with the previous patterd the
desired sample points

The average sidelobe level reduction relative t® th
first part wasb.23 dB with an average sidelobe level
value 0f21.45 dB that is suitable for a communication
system and is very good especially for the high
directivity that has been imposed. For the 40-elgme

5.b and 5.c. The reduction in sidelobe level wagirag
considerable at an average 12 dB relative to the
results of the first part and the average valuehed
was 21.54 dB and again is very adequate for any
modern communication system.

=== Without SLL reduction
| @ desired

7| — With SLL reduction

array factor

theta, degrees
Fig. 4.b. The reduced sidelobe level radiationguatt
of the 30- element array (towards 30°) with the
previous pattern and the desired sample points
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Fig. 4.c. The reduced sidelobe level radiationgsatof the 30-
element array (towards —60°) with the previousgratand the
desired sample points
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