
Aerospace Science and Technology 14 (2010) 316–320

Contents lists available at ScienceDirect

Aerospace Science and Technology

www.elsevier.com/locate/aescte

A sidelobe level reduction (SLL) for planar array antennas with −30 dB
attenuators weight precision ✩

Ahmed Khairy Aboul-Seoud 1, Ahmed Khairy Mahmoud 2, Alaa El-Din Sayed Hafez ∗,3

Faculty of Engineering, Alexandria University, Alexandria, Egypt

a r t i c l e i n f o a b s t r a c t

Article history:
Received 7 January 2009
Received in revised form 24 January 2010
Accepted 18 February 2010
Available online 21 February 2010

Keywords:
Planar array
Array weighting
SLL
Optimization
Genetic algorithm

The application of the genetic algorithms to the optimization of planar array weights will be investigated
with −30 dB attenuators weight precision. The aim is to adjust the weight coefficients of the array
attenuators in −30 dB precision to achieve a minimum sidelobe level (SLL) with narrower beam width.
The peak sidelobe level (PSL) of the synthesized beam pattern has been successfully lowered. The results
are compared with synthesized pattern using precision like weights such as Gaussian, Kaiser, Hamming,
Blackman and Chebyshev weight coefficients and give a significant improvement for a peak sidelobe level
(PSL). The minimum achieved peak sidelobe level (PSL) is −32 dB for beam width of 16◦ and −22.82 dB
for beam width of 12◦.

© 2010 Elsevier Masson SAS. All rights reserved.

1. Introduction

Array signal processing at element level is a crucial technology
of phased array radar, for which analog weighting at element level
is used for sidelobe suppression of patterns. In radar system, side-
lobe suppression is one of most basic and critical themes. It has
great advantage as anti-jamming technique. Genetic algorithm is
an efficient method with parallel, random and global search and
optimization. It is applied widely in array processing, as well as in
the analysis and design of patterns. Recently, a genetic algorithm
optimization is used to reduce the sidelobe level for linear array
antennas [11,12,18,3,16,4,15]. Genetic algorithm is used for opti-
mizing the array element position for planar array antenna [17,2],
the array weighting for difference pattern antenna [8], and the ar-
ray placement for circular array antenna [9]. This paper optimizes
the array elements weights with −30 dB precision in order to re-
duce the sidelobe level of the radar phased array antenna. The
results compared with those of the application of Gaussian, Kaiser,
Hamming, Blackman and Chebyshev weight coefficients produce a
significant improvement for the array peak sidelobe level (PSL).
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Fig. 1. N × M rectangular planner array.

2. Theoretical description

Fig. 1 shows a rectangular array in the x–y plane. There are M
elements in the x-direction and N elements in the y-direction cre-
ating an M × N array of elements. The mnth element has weight
wmn . The x-directed elements are spaced dx apart and the y-
directed elements are spaced dy apart. The planar array can be
viewed as M linear arrays of N elements or as N linear arrays of
M elements. Since we already know the array factor for an M or
N element array acting alone, we can use pattern multiplication to
find the pattern of the entire M × N element array. Using pattern
multiplication we have [7]

AF = AFx · AFy
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Fig. 2. Chromosome construction.

=
M∑

m=1

ame j(m−1)(kdx sin θ cosφ+βx)

N∑
n=1

bne j(n−1)(kdy sin θ cosφ+β y)

(1)

AF = AFx · AFy

=
M∑

m=1

N∑
n=1

wmne j[(m−1)(kdx sin θ cos φ+βx)+(n−1)(kdy sin θ cosφ+βy)]

(2)

where

wmn = am · bn

The weights am and bn may be uniform or may be in any form
according to the designer’s needs. This could include the various
weights such as the Gaussian, Kaiser–Bessel, Hamming, or Black-
man weights. The am weights do not have to be identical to the
bn weights. Thus, we might choose the am weights to be Ham-
ming weights while the bn weights are Gaussian. Any combination
of weighting can be used and wmn is merely the consequence of
the product am · bn . These weights are characterized in [1,14].

Gaussian. The Gaussian weights are determined by the Gaussian
function

w(k + 1) = e− 1
2 (α (k−N)/2

N/2 )2

where k = 0,1,2, . . . , N, α � 2 (3)

Kaiser–Bessel. The Kaiser–Bessel weights are determined by

w(k) =
(
πα

√
1 − ( k

N/2 )2
)

Io(πα)

where k = 0,1,2, . . . , N/2, α > 1 (4)

Hamming. The Hamming weights are given by

w(k + 1) = 0.54 − 0.46 · cos
(
2πk/(N − 1)

) · k

where k = 1,2, . . . , N − 1 (5)

Blackman. The Blackman weights are defined by

w(k + 1) = 0.42 − 0.5 · cos
(
2πk/(n − 1)

)

+ 0.8 · cos
(
2πk/(n − 1)

)

where k = 0,1,2, . . . , N − 1 (6)

The price of reduction of sidelobes is in the form of loss gain,
then

LG =
(∑N

n=1 gn
)2

N
∑N

n=1 g2
n

(7)

where gn is the weight factor of the element n and N is the total
number of elements.

Fig. 3. Genetic algorithm flow chart.

3. Optimization process

This section presents the detailed description of the genetic al-
gorithm to optimize the array weights with −30 dB precision of
the planar array antenna. This algorithm is produced to achieve a
minimum peak sidelobe level (PSL) for the beam pattern. The sim-
ulated antenna is a phased array antenna with 16 × 16 elements.
The value of the element weight is encoded using binary encod-
ing scheme and is represented by 8 bits for each element weight
including 256 quantized values between 0 and 1. Fig. 2 shows the
construction of the chromosome, which contains thirty two genes
each corresponding to the element weight.

The population size is taken as sixty four chromosomes during
the optimization process. The algorithm uses a random crossover
rate with no more than 1% mutation rate. Elitism is used to save
the best solutions to improve the performance of the genetic algo-
rithm [10,13,5,6]. The algorithm is started with a set of solutions
represented by chromosomes called population. Solutions from one
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