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Gravitational search algorithm for synthesis
of selectively thinned concentric ring array
antenna with minimum sidelobe level and
with fixed and variable first null beamwidth

anirban chatterjee

1

, gautam kumar mahanti

2

and narendra nath pathak

3

Thinning a large concentric ring array by an evolutionary algorithm needs to handle a large amount of variables. The com-
putational time to find out the optimum elements set increases with the increase of array size. Moreover, thinning significantly
reduces the directivity of the array. In this paper, the authors propose a pattern synthesis method to reduce the peak sidelobe
level (peak SLL) while keeping first null beamwidth (FNBW) of the array fixed by thinning the outermost rings of the array
based on Gravitational Search Algorithm (GSA). Two different cases have been studied. In the first case only the outermost
ring of the array is thinned and in the second case the two outermost rings are thinned. The FNBW of the optimized array is
kept equal to or less than that of a fully populated, uniformly excited and 0.5 l spaced concentric ring array of same number of
elements and rings. The directivity of the optimized array for the above two cases are compared with an array optimized by
thinning all the rings, while keeping the design criteria same as the above two cases. The optimized array by thinning the
outermost rings gives higher directivity over the optimized array by thinning all the rings. Time required for computing
the optimum elements state for the above two cases using GSA are shown lesser compared to the optimized array by thinning
all the rings using the same algorithm. The peak SLL and the FNBW of the optimized array for the above two cases are also
compared with the optimized array by thinning all the rings.
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I . I N T R O D U C T I O N

Concentric ring array has received considerable interest over
other types of planar arrays because it is symmetric and pro-
vides a nearly invariant beam pattern for 3608 azimuthal
coverage. A concentric ring array, also known as a concentric
circular array (CCA) consisting of elements lies on several
concentric circles of different radii. The array configuration
in which all the elements are uniformly excited and are kept
by almost half of the wavelength is regarded as the uniform
concentric circular array (UCCA). One of the most important
properties of the beam pattern of an UCCA is its cylindrical
symmetry; however, it often suffers from a high sidelobe
problem. Sidelobe reduction techniques in concentric ring
array appear in the literatures [1–13].

The beam pattern function of a concentric ring array has
been expressed by Stearns and Stewart [1] as a truncated
Fourier–Bessel series and the non-uniform distribution of the
rings has been approximated to a smaller number of equally
spaced ones. Goto and Cheng [2] showed that for a Taylor
weighted ring array the maximum allowable inter-element
spacing should be about four-tenths of a wavelength, if high
sidelobes are to be avoided. Biller and Friedman [3] used stee-
pest descent iterative process to find out element weights and
ring spacing to get lower sidelobe levels and control over beam-
width. Huebner [4] reduced the sidelobe levels for small con-
centric ring array by adjusting the ring radii using
optimization technique. Kumar and Branner [5] also proposed
optimum ring radii for getting lower sidelobes. Thinning of a
planar concentric ring array for fulfilling the requirements of
beamwidth in the broadside direction and peak sidelobe level
in a specified sub-domain of the visible region is proposed by
Hebib et al. [6]. Dessouky, Sharshar and Albagory [7] showed
that the existence of central element in case of concentric circu-
lar array of smaller innermost ring reduced the sidelobe levels
significantly while minor increase in the beamwidth. Sidelobe
level can also be reduced by thinning the array [8–13],
spacing the concentric rings non-uniformly or by varying the
number of elements in each ring of the array [8].
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In this paper, sidelobe levels are reduced by thinning the
outermost rings of a uniformly excited concentric ring array
with a specified number of rings and elements. Two different
cases have been considered. In the first case (case I), peak side-
lobe level (peak SLL) is reduced by thinning only the outer-
most ring. In the second case (case II), peak SLL is reduced
by thinning the two outermost rings of the proposed array.
In [12], authors already shown that Gravitational Search
Algorithm (GSA) [14] is a better alternative than particle
swarm optimization (PSO) for the synthesis of a thinned
scanned concentric ring array. Considering the outcomes,
GSA [14] is applied as a global optimization algorithm to
find out the optimum elements states for the selectively
thinned arrays of both the cases. Ghosh and Das [13] show
the thinning of a planar concentric ring array by differential
evolutionary approach. The presented work is different from
[13] because instead of thinning all the rings only the
outmost rings of the array are considered, which relatively
improves the directivity of the array. The angular positions
as well as the states of the elements in each ring of the opti-
mized arrays for both the cases are also presented graphically
to get better idea about the presented method.

Thinning the outermost rings instead of thinning all the
rings of the initial concentric ring array by GSA requires
dealing with fewer numbers of variables for determining
optimum elements state. Moreover, from the computational
point of view, only the field contributions due to the elements
in outermost rings (which has to be thinned) need to be
compute, as the field contributions due to the uniformly
excited elements in inner rings are already known, and the
final beam pattern in obtained by combining both the fields
for outermost rings as well as inner rings. In this manner
the computational time for the above two cases improves
than thinning all the rings of the initial array for getting
desired array characteristics by the same algorithm.

The directivity of the array decreases as the array becomes
thinner. The thinning percentage of the optimized array for the
above two cases remains comparatively less than that of an opti-
mized array by thinning all the rings. So, the directivity of the
optimized array of the above two cases remains higher than the
directivity of the optimized array by thinning all the rings of
the initial fully populated array. The outermost rings of the
initial array are chosen for thinning, because for an array with
fixed inter-element spacing the number of elements in each
ring increases with its radius. So, choosing the outermost rings
for thinning the array using any evolutionary algorithm gives
sufficient amounts of variable for getting a satisfactory result.

In both the cases, peak SLL is reduced for fixed and variable
first null beamwidth (FNBW) constrains. The fixed FNBW is
considered to be less than or equal that of a fully populated, uni-
formly excited and 0.5 l spaced concentric ring array of same
number of elements and rings. For variable FNBW consider-
ation, peak SLL is reduces without maintaining any predefined
value of the FNBW. The peak SLL and the FNBW of the opti-
mized array for the above two cases are compared with the opti-
mized array by thinning all the rings using the same algorithm.

I I . S Y N T H E S I S O F T H I N N E D
C O N C E N T R I C R I N G A R R A Y

Thinning an array means turning off some of the elements
from a uniformly spaced or periodic array to generate a

pattern with low sidelobe levels. Typical applications for
thinned array include satellite-receiving antennas that
operate against a jamming environment [15], ground-based
high-frequency radars [15] and design of interferometer
array for radio astronomy [15]. It is assumed that the posi-
tions of the elements are fixed and all the elements have two
states either “on” or “off”, depending on whether the
element is connected to the feed network or not [12]. In the
“off” state, either the element is passively terminated to a
matched load or an open circuited [12]. If there is no coupling
between the elements, it is equivalent to removing them from
the array.

The array factor of a concentric ring array [7, 8] shown in
Fig. 1 on the x–y plane with central element feeding can be
defined as:

AF(u, w) = 1+
∑M

m=1

∑Nm

n=1

Imnej[k rm sin u cos (w−wmn)+amn], (1)

where, M ¼ number of concentric rings, Nm ¼ number of iso-
tropic elements in mth ring, Imn ¼ excitation amplitude of the
mnth element, dm ¼ inter-element arc spacing of mth circle,
rm ¼ Nmdm/2p, radius of the mth ring, wmn ¼ 2np/Nm,
angular position of mnth element with 1 ≤ n ≤ Nm, u,w ¼
polar and azimuth angle, l ¼ wave length, k ¼ wave
number ¼ 2p/l; j ¼ complex number, amn ¼ excitation
phase of elements on mnth ring.

All the elements have same excitation phase of 08.
Directivity of the planar concentric ring array is calculated

as [15, 16]:

D =
4p AF u, w

( )
max

∣∣∣ ∣∣∣2

�2p
0

�p/2
0 AF u, w

( )∣∣ ∣∣2
sinududw

. (2)

In the presented problem, Imn is 1 if the mnth element is
turned “on” and 0 if it is “off”. To make the initial array
thinned with desired array characteristics, optimum set of

Fig. 1. Concentric ring array of isotropic antennas in XY plane.

776 anirban chatterjee et al.

https://doi.org/10.1017/S1759078714001184 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078714001184


Imn is necessary. In this paper, for the first case, optimum set
of Imn for the outermost ring is determined using GSA and
for the second case optimum set of Imn for the two outer-
most rings are determined using the same algorithm. All
the other elements in other rings are assumed to be
excited uniformly. For the optimized array by thinning all
the rings, optimum set of Imn for all the rings are computed
using the same algorithm to get lower peak SLL with desired
array characteristics. The fitness function for this problem

can be defined as:

Fitness 1 = k1 max SLL + k2 FNBWo − FNBWd( )H(T), (3)

Fitness 2 = max SLL. (4)

Equations (3) and (4) are reduced using GSA for optimal syn-
thesis of the array, where max SLL is the value of peak SLL,
FNBWo, FNBWd are obtained and desired value of first null

Fig. 2. Flowchart of GSA.

gravitational search algorithm for synthesis of selectively thinned concentric ring array antenna 777

https://doi.org/10.1017/S1759078714001184 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078714001184


beamwidth respectively, k1, k2 are weighting coefficients to
control the relative importance given to each term of equa-
tion (3). Equation (4) is for variable FNBW.

H(T ) is Heaviside step functions defined as follows:

T = FNBWo − FNBWd( ), (5)

H(T) = 0 if T < 0,
1, if T ≥ 0

.

{
(6)

I I I . G R A V I T A T I O N A L S E A R C H
A L G O R I T H M

GSA proposed by Rashedi et al. [14] is a population-based
search algorithm based on the law of gravity and mass inter-
action. The search agents are considered to have different
masses and they moves due to the gravitational attraction
force acting between them. Each agent in GSA is specified
by four parameters [14]: position of the mass in the dth
dimension which is regarded as the solution of an optimiza-
tion problem, inertia mass, active gravitational mass and
passive gravitational mass. The inertia mass of an agent
reflect its resistance to make its movement slow. The compu-
tation of gravitational mass requires computation of best and
worst solutions at current iteration. The velocity of the search
agents is dependent on their gravitational mass and the iner-
tial mass. The velocity of an agent towards every other agent is
determined by computing the force acting in-between them
and thereafter computing acceleration which in turn requires
fitness evaluation. Based on the computed velocities, the posi-
tions of the agents in specified dimensions are updated. The
termination condition of the algorithm is defined by a fixed
amount of iterations, reaching which the algorithm automat-
ically terminates. The recorded best fitness at final iteration
gives the global fitness and the position of the agent reflects
the global solution. The flowchart of the algorithm is shown
in Fig. 2.

In this problem the algorithms is run up to 400 iterations
and number of agents is taken 50. The lower and upper
bound of the search interval are taken as 0 and 1, and the com-
puted real global fitness value is rounded off to get the state of
the array elements (on–off) required for fitness evolution.

Fig. 3. Far-field pattern of the fully populated and uniformly excited nine-ring
concentric ring array of isotropic elements [8].

Table 1. Ring spacing, inter-element distance and number of elements in each ring of the presented uniform array [8].

Parameter Ring 1 Ring 2 Ring 3 Ring 4 Ring 5 Ring 6 Ring 7 Ring 8 Ring 9

rm (l) 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500
dm (l) 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500
Nm 6 12 18 25 31 37 43 50 56

Table 2. Peak SLL, FNBW, number of switched off elements and thinning percentage of uniform array and optimized array with fixed and variable
FNBW constrains.

Types of array Peak SLL
(dB)

FNBW
(88888)

Directivity
(dB)

No. of switched
off elements in
the outermost
ring

No. of switched
off elements in
the second
outermost ring

Total no. of
switched off
elements

Thinning
percentage
(%)

Time
(h:min)

Fully populated
array

217.40 14.8 29.35 – – – – –

Case I
( fixed FNBW)

219.31 14.8 28.92 25 – 25 8.96 1:13

Case I
(variable FNBW)

222.79 16.3 28.79 32 – 32 11.46 1:13

Case II
( fixed FNBW)

220.17 14.8 28.23 23 30 53 18.99 1:19

Case II
(variable FNBW)

232.90 20.1 28.11 30 33 63 22.58 1:17

Thinned array
( fixed FNBW)

221.18 14.8 25.89 – – 125 44.80 1:33

Thinned array
(variable FNBW)

235.64 22.58 26.09 – – 125 44.80 1:37
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I V . S I M U L A T I O N R E S U L T S

For a fully populated nine-ring concentric ring array of iso-
tropic antennas [8] the radii of the rings are rm ¼ ml/2
(mth ring) and the inter-element spacing of each ring are
kept at l/2. For this arrangement, the number of elements
in the mth ring is found out by rounding off the values of
Nm expressed as Nm ¼ 2prm/dm, and the total numbers of iso-
tropic elements including the central element becomes 279.
The array with uniform excitation to all the elements gives
the maximum sidelobe of 217.4 dB [8], FNBW of 14.88 and
directivity 29.35 dB [8]. The beam-pattern of the fully popu-
lated and uniformly excited array is shown in Fig. 3.

In case I of the presented problem, the maximum sidelobe
level is reduced by thinning only the outermost ring. In the
second case, the maximum sidelobe level is reduced by thin-
ning the two outermost rings. For the first case, the outermost
ring of the initial array is thinned by finding out optimum set
of elements state (on–off) using GSA by minimizing fitness
functions of Equations (3) and (4). In the second case, the
two outermost rings of the initial array are thinned by
finding out optimum set of elements state (on–off) using
GSA by minimizing Equations (3) and (4). Finally, the
results from the above two cases are compared with the

results from optimized array by thinning all the rings using
the same algorithm for getting lower sidelobe levels, both
for fixed and variable FNBW requirements.

Table 1 shows the inter-element spacing and number of
elements in each ring of the presented uniformly excited con-
centric ring array of nine concentric rings. Table 2 shows the
sidelobe levels, FNBW, directivity, number of switched off ele-
ments and thinning percentages of the array for all the previ-
ously mentioned cases.

From Table 2 it can be observed that computational time
for the optimized array of cases I and II are lesser compare
to the optimized array by thinning all the rings using GSA
for both for fixed and variable FNBW requirements. The opti-
mized array by thinning all the rings gives better maximum
sidelobe level than the optimized array by thinning only the
outermost ring whereas the optimized array by thinning the
two outermost rings gives maximum sidelobe level which is
comparable to optimized array by thinning all the rings
using the same algorithm for both fixed and variable FNBW
requirements. From Table 2 it can be concluded, that the
directivity of the array decreases as the array becomes
thinner. The directivities of the optimized array by thinning
all the rings of the initial fully populated nine-ring concentric
ring array for both fixed and variable FNBW are 25.89 and

Fig. 4. Optimized array geometry under “case I”: (a) with fixed FNBW constrain and (b) without FNBW constrain.

Fig. 5. Optimized array geometry under “case II”: (a) with fixed FNBW constrain and (b) without FNBW constrain.
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26.09 dB, respectively, whereas the directivities of the opti-
mized array under cases I and II for both fixed and variable
FNBW considerations are 28.92, 28.79, 28.23, and 28.11 dB,
respectively.

Figure 4 shows the optimized array under case I for both
fixed and variable FNBW requirements and Fig. 5 shows the
optimized array under case II for both fixed and variable
FNBW. The far field patterns of the optimized arrays under
cases I and II of the presented problem are shown in Fig. 6.
It can be easily seen from Figs 3 and 6, that the optimized
array has lower sidelobes than the initial fully populated
array with uniform excitations among the elements.

From Fig. 6, it can be noticed that lower peak SLL is
achieved under case II of the presented problem for both
fixed and variable FNBW requirements.

The thinned arrays computed using GSA for fixed and
variable FNBW requirements are shown in Fig. 7. The
beam patterns of the thinned array for fixed and variable
FNBW constrains are shown in Fig. 6. From Fig. 6, it can
be easily observed that the peak SLL achieved by thinning
all the rings of the array and by thinning the outermost
rings of the array are comparable. Moreover thinning the
outermost rings reduces the hardware complexity in the
feed network. The time required to compute the array
factor of the partially thinned array is also less, because the
field contributions due to the uniformly excited elements in
the inner rings are already known. The optimized array
under cases I and II of the presented problem also shows
better directivity than the optimized array by thinning all
the rings.

Fig. 6. Far-field patterns of the optimized array of “case I”, “case II”, and thinned structure: (a) with fixed FNBW constrain and (b) without FNBW constrain.

Fig. 7. Optimized array geometry under thinned array: (a) with fixed FNBW constrain and (b) without FNBW constrain.
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V . C O N C L U S I O N S

The authors proposed method of thinning the outermost rings
instead of thinning all the rings of a large concentric ring array
of isotropic elements to reduce peak SLL while retaining the
desired array characteristics. The proposed method also
reduced the computational time to find out the optimum set
of elements state and increased the directivity of the array com-
pared to the optimized array by thinning all the rings. The pre-
sented method requires to control the states of the elements
which only resides in the outermost rings of the array and
hence capable of reducing the hardware complexity of the
feed network. This establishes the effectiveness of the proposed
method. Here GSA has been effectively used as a global opti-
mization algorithm to find out optimal set of elements states.
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