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Abstract— Modern communication systems employ antenna
arrays for enhanced coverage and efficiency. Such arrays need to
exhibit low peak sidelobe level (PSLL) and the capability of
positioning multiple asymmetrical mulls. In this paper, modified
Invasive Weed Optimization (IWQO) algorithm is used to estimate
the complex elemental excitations required for achieving multiple
nulls in specified directions while maintaining PSLL below the
detectable range of -40dB. The novelty of the proposed approach
is in the application of a constraint-based static penalty function
during optimization of the array. The static penalty function is
able to put selective pressure on the PSLL, the first null beam
width (FNBW) or the accurate null positioning as desired by the
application at hand lending a high degree of flexibility to the
synthesis process. Several numerical results of periodic array
patterns with the imposed asymmetrical multiple null conditions
are presented to illustrate the performance of the proposed
method.

Keywords— Linear antenna array; invasive weed
optimization; static penalty function; side lobe level;
asymmetrical nulls; null steering.

1. Introduction

Antenna arrays are being widely used in wireless, satellite,
mobile and radar communications systems. The use of antenna
arrays has extended system coverages, improved signal quality
and increased the spectrum efficiency through the formation of
steerable beams with increased directivity. The performance of
the communication system greatly depends on the efficient
design of the antenna arrays. To meet the demands of long
distance coverage and noise free communication, it is
necessary to design antenna arrays with high directivity,
narrow beam width and low side lobe levels and at the same
time with an enhanced ability to position nulls in directions of
undesired interferences.

Systems with narrow beam width are desired for obtaining
high directivity. On the other hand, systems need to maintain
low peak side lobe levels (PSLL) to avoid interference with
other systems operating in same frequency band. The above
mentioned requirements of SLL and beam width are in
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contrast to each other as arrays with narrow beam width
generally do not produce lower side lobe levels and vice versa.
Also, the increasing EM pollution has prompted the placing of
nulls in undesired interference directions. So it is necessary to
design the antenna array with low side lobe levels while
maintaining fixed beam width and placing nulls in interference
directions.

Low sidelobe levels and steering nulls in interference
directions can be achieved by adjusting either the amplitude
excitations or the phase excitations or the complex excitations
of a periodic array. Otherwise the spacing between the
individual elements may also be varied to form an aperiodic
array. In communication environment, multiple nulls need to
be positioned asymmetrically at multiple locations around the
main beam. Position-only and amplitude-only optimizations
are incapable of producing the asymmetrical nulls. For this
purpose phase needs to be optimized. Thus, phase-only or
complex optimization is of practical interest in producing the
asymmetrical nulls around the main beam. Synthesis of linear
antenna arrays has been extensively studied from the past 5
decades. In order to optimize this type of electromagnetic
designing problems, nature inspired algorithms based on the
nature laws such as genetic algorithm (GA) [1-2], Particle
swarm optimization (PSO) [3, 4], cat swarm optimization
(CS0O) [5], Ant colony optimization (ACO) [6, 7] have been
successfully applied in the design of antenna array synthesis.

The present work deals with an improved variant of the
Invasive weed optimization (IWO) [8] algorithm. The classical
IWO [9, 10] can be modified to incorporate a sinusoidal
variation in the standard deviation of the randomly distributed
solutions during the optimization. This leads to quicker
detection of optimize solutions. The present work also
introduces constraint handling as a new concept in antenna
array synthesis through the application of the static penalty
function [11]. The use of the static penalty function allows the
designer to set desired values of PSLL, FNBW and null depth.
This renders a great degree of flexibility to the synthesis as the
different design parameters may be assigned different penalty
coefficients depending on the application requirements. To the
best of the author’s knowledge, constraint handling using
static penalty function has not yet been applied to optimize the
complex excitations in linear antenna array synthesis. In this
communication, several design examples are considered to
show how the modified IWO using constraint handling is
useful in controlling the shape of the radiation pattern while
determining the optimal performance.

In this paper, the modified IWO is applied to optimize
complex excitations of the individual elements to produce a
radiation pattern with minimum side lobe levels while steering
the nulls in directions of interferences. The configuration of

(X

SEEK

DIGITAL LIBRARY



Proc. of the Second Intl. Conf. on Advances In Computing, Electronics and Communication - ACEC 2014.
Copyright © Institute of Research Engineers and Doctors, USA .All rights reserved.
ISBN: 978-1-63248-029-3 doi: 10.15224/ 978-1-63248-029-3-96

the linear array and the problem formulation is discussed in
Section II. Section Il presents the IWO algorithm. Design
example and detailed simulation results are discussed in
section IV while Section V concludes the paper.

. Modified Invasive Weed

Optimization

IWO algorithm was first introduced by A. R. Mehrabain
and C. Lucas in 2006 [9]. IWO is inspired by weed
colonization in nature and is based on weed biology and
ecology. Distinctive properties of the IWO algorithm are that
it allows all of the population (weeds) to participate in the
reproduction process and reproduction of weeds happens
without mating. This leads to a global search for the optimized
solutions. The steps involved in the modified IWO are
presented below.

A. Initialization

A finite number of seeds are initialized randomly in the N
dimensional solution space with random positions. Each
seed’s position represents one possible solution of the
optimization problem.

B. Reproduction

In reproduction stage the fitness value of each seed is
determined. This process resembles growing of seed to
flowering weed. The magnitude of the fitness value
determines the reproductive capability of each seed. The
number of reproduced seeds from each seed is calculated
based upon the seed’s own fitness value and the colony’s
lowest & highest fitness values. Thus, the number of seeds
produced increases linearly from weed with worst fitness to
weed with better fitness. That is, those weeds with worst
fitness values produce less number of seeds and vice versa.
The procedure is illustrates in figure 2. A significant
advantage of the algorithm is that it allows all weeds to
participate in the reproduction process. This is beneficial
because under certain conditions, weed with worst fitness
value may also have some useful information to contribute
during the evolutionary process.

c. Spatial dispersal

The produced seeds are dispersed randomly over the
search space by normal distribution with zero mean and
varying standard deviation. That is, the produced seeds are
scattered around the mother weed, leading to local search. The
number of seeds {57} produced by each weed is given by

) Smas] (1)
where 5z and S are maximum and minimum number of
seeds that may be produced from each weed respectively. finz
and fnin are maximum and minimum fitness values in the
colony.
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The standard deviation () of the distribution at generation

number g reduces nonlinearly over the generations ranging
from initial standard deviation (&g} to final standard
deviation (g7:,4;) and is given by:
L

e e— (Sinitiar — Ffinat) + Ffinar. @)

To enhance the performance of IWO, lcos(gen)| term [8]
is added for periodic variation in standard deviation, which
helps in exploring the better solutions quickly. The modified
standard deviation is given by:

g = [F5Nmax _Q:'.E

i lcos(gen) | (Ginitict — Finat) + rinar (3)

Where gemy, . is the maximum number of generations and sl
is the non linear modulation index. It is noticed from the
literature [9] that, the value of nl has shown significant effect
on the performance of the IWO. It was suggested that the good
choice for ni is 3.

D. Competitive exclusion

The new seeds produced grow to flowering weeds and are
placed together with parent weeds in the colony. So there is a
need of limiting the number of weeds and elimination is done
based on the fitness values of the weeds in the colony. Weeds
with worst fitness are eliminated until the maximum number
of weeds (Fyz») in the colony is reached. Thus weeds with
better fitness survive. Previous work [9, 10] has shown that
IWO algorithm gives better performance when the Fpg. is
chosen between 10 and 20. The selected Pz, goes to the next
generation. The steps involved in the IWO algorithm are
shown in Fig. 2.

. Problem Formulation

The geometry of a 2N element linear antenna array placed

symmetrically along x axis is shown in Fig. 1.

A

y

Fig. 1. Geometry of the symmetrically placed linear array.

The array factor (AF) [4, 5] of the array in the azimuth plane

is
AF(8) = E¥=1Hn§j'|:::|:d.-'.lj gin(8]) (4)

where & is the azimuth angle, d/4 = 1/2 is the spacing
between the elements normalized by the wavelength
and A, =I,e¥= I, and w,are the excitation amplitude and
phase of element n respectively.

The main motive is to suppress the PSLL with near constant
first null beam width (FNBW) of chosen array while steering
the nulls in directions of interferences by employing non
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Fig. 2.

uniform complex excitations on individual elements of the
antenna array.

So it is required to develop an objective function which will
force the optimization algorithm to find the feasible solutions
by satisfying all the above objectives. The effective way to
combine the all the objective in a single objective is to use of
static penalty function [11]. Penalty function methods
transform a constrained problem to an unconstrained one by
penalizing those solutions which are infeasible. The penalty
function method adds a penalty whenever the solution is far
distance from feasibility. In the static penalty method the
penalty coefficient for each constraint is chosen in such a way
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that it increases in proportion to higher levels of violation. The
formulation of the objective is given as
F(x_:] = f':-fj + Elﬂ;l{ﬂnl o ma_r':[], Hl{‘fj:]:} (5)
If constraint is satisfied(g;(%} = 0} then max (0, g;(¥)} =0,
otherwise max (0, g; (1)} = g;(¥)}. Where £ is the vector of
variables, g; () is the i constraint, m is the total number of
inequality constraints, Ry ; is the i penalty coefficient, f (¥ is
unpenalized objective function, k=1, 2,.., q, where q is the
number of levels of violation defined by the user. The design
problem is modeled as
F(X) = |[FNBW, — FNEW,| + (R, x max[0,|PSLL, —
PSLLGI1* + Ry, x EP, max[0, INully — Nully[17)
(6)

Where % is the element complex excitation vector, & is
angular region excluding the main lobe, FNEW, & FNEW}
are the optimized FNBW and desired FNBW
respectively, PSLL, = max(AFL (6,)) & PSLL, are the
optimized PSLL and desired PSLL respectively,
Nully; = AFFz(8;) & Nully; are the optimized null depth
and desired null depth respectively of the i*® null at & for n
number of nulls.

iv. Numerical Illustrations

In this paper, a 20 element linear array is synthesized using
the method of IWO. The element spacing of the array is taken
as 4/2, where frequency of operation is 1GHz. The mutual
coupling between the antenna elements is ignored in this
analysis. IWO is applied to optimize complex excitations of
the individual elements for obtaining deep nulls at different
interference directions. The obtained results are compared to
the non-optimized periodic array with a 40dB Taylor profile
amplitude distribution, referred to herein after as TADPA. The
desired first null beam width is maintained constant at the
beam width of the non-optimized 20 element TADPA. The
beam width tolerance was set at +3%. For all the examples,
the desired FNBW, PSLL and null depth level are set at 21°, -
40dB and -80dB respectively. The values of A; and H; are set
at 107 and 10% respectively for all the design cases.

IWO algorithm is implemented using MATLAB. The
parameters of the IWO algorithm are given in the Table I.
These parameters were set after experimental verification
while complying with the guidelines provided in literature [8,
9]. The radiation pattern of the array is computed at 720 angles
in the azimuth region of —90° to 90%. All the computations
are performed on a PC operating at 3GHz with 2GB of RAM.
The optimized complex excitations are summarized in Table
Il.

Table I. Parameter setup for IWO
Smin

Parameter 5?."!:1‘ T initial I:r_;":r;::i Pm:x

Pop.
size
10

nl

4 0 0.1 0.00015 20

The first example illustrates the synthesis of a 20 element
TADPA with two nulls imposed at 21° and —42° . The
obtained far field radiation pattern and the corresponding
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convergence of the fitness value by controlling the phase
excitations, while maintaining a Taylor profile for the
amplitude excitations is shown in Figs. 3 and 4 respectively.

0

-10

20

=30

-40

Array factor in dB

s0f i

60§

[T AN DULIS SN SN LANLE- | BLNNS SILENS SR
-80 -60 -40 -20 0 20 40 60 80
Azimuth angle 0 in deg

Fig. 3. The normalized radiation pattern with imposed nulls at 217 and —£27,
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Fig. 4. The fitness value of IWO algorithm for optimizing phase excitations
of TADPA with nulls imposed at 217 and—42~,

Fig. 5 shows the far field radiation pattern with two nulls
imposed at 21% and 33" by optimizing the phase excitations of
the TADPA. The convergence of the fitness value for the 20
element array with imposed nulls at 21% and 33° using IWO is
shown in Fig. 6.1t is seen from Figs. 3 and 5, that nulls as deep
as -70dB are obtained at the interference directions, while
maintaining the PSLL less than -40dB and FNBW same as
that of TADPA.

In the third example, the synthesized pattern with three nulls
imposed at different interference directions is presented. The
normalized  array  pattern  with  nulls  imposed
at 27 | —33" and —40° using the optimized complex
excitations and the corresponding convergence curve are
shown in Figs. 7 and 8 respectively. It is seen from Fig. 7, the
IWO algorithm is able to place three nulls as deep as -60dB at
imposed null directions.

The above three examples demonstrate that by proper
synthesis it is possible to create pattern nulls in the exact
directions as dictated by the application at hand. This synthesis
is accurate irrespective of whether the multiple null directions
are very close to each other or are adjacent to the main beam.
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Fig. 5. The normalized radiation pattern with imposed nulls at 21% and 337,
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Fig. 6. The fitness value of IWO algorithm for optimizing phase excitations
of TADPA with nulls imposed at 217 and 33°,
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Fig. 7. The normalized radiation pattern with imposed nulls at 27%, —337
and —40°,

v. Conclusion

In this communication, the static penalty function is
incorporated with a modified IWO algorithm for the synthesis
of linear antenna array. Modified IWO is successfully applied
for the synthesis of linear array by optimizing complex
excitations of the individual elements with the use of static
penalty function. The obtained results are compared with the
pattern of the 40 dB Taylor amplitude distributed periodic
array.
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The obtained results are compared with the pattern of the 40
dB Taylor amplitude distributed periodic array. Results show
that, nulls as deep as around -60 to -70dB are achieved in the
interference directions while maintaining low PSLL (< -40dB)
for the design examples. This complex-only optimization
method using IWO offers a new degree of flexibility over the
conventional method of amplitude-only optimization by
placing nulls asymmetrically at multiple locations. Thus the
performance of the wireless communication system can be
greatly enhanced by incorporating this proposed array design.
This design will help in management of jammers and
interferes by proper null placement.
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