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Beam-Pattern Control via Thinned Elements Strategy in Linear
and Planar Phased Arrays
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Abstract—Reconfigurable antenna arrays play a major role in the current and future wireless
communication systems due to their multifunctional capabilities and many other advantages.
Conventionally, the array pattern reconfigurations were usually achieved by controlling the excitation
amplitudes and phases of all or most of the array elements which are generally costly and complex
methods. In this paper, a simple method for controlling the reconfigurability of the beam-patterns
of linear and planar arrays is presented. It can be easily switched between narrow and wide beams
using thinned elements strategy. First, the array elements are divided into three groups based on their
locations namely central, middle, and outer elements. Their amplitude weights are chosen to be unity,
adaptive, and zero, respectively. To add some desired constraints on the array beam-patterns such as
limited sidelobe level and specified nulls placement, the excitation weights of the middle elements are
optimized such that an abrupt change in the array taper is avoided. This also avoids an undesired
change in the sidelobe pattern. A genetic algorithm is used to perform such optimization so that the
produced beam-patterns are best matched to the desired ones. Moreover, the size of the thinned region
controls the resulting beam width.

1. INTRODUCTION

Reconfiguration in the array radiation pattern is considered as a major issue for current and future
wireless communication systems. It is usually achieved by controlling relative excitation amplitudes
and phases of the array elements, for example, see [1-3]. However, such methods were characterized
as complex and costly [4-6]. The concept of thinned arrays can be creatively exploited for pattern
reconfiguration to operate in different modes according to the demanded applications. In [7], the author
introduced the concept of partially thinned elements for null steering, while in [8] the useless elements
that had negligible effect on the desired array patterns were thinned out (i.e., turned off). Thinning
concept can be included in the array taper such that its effective aperture can be increased or decreased
according to the required beam width. In general, array tapering can be defined as the manipulation
of the excitation amplitudes of the individual array elements and its contribution to the overall array
radiation pattern. Usually, array tapers such as Taylor or Dolph-Chebyshiv were used to reduce the
undesirable high sidelobes of the array pattern, but it generally comes at the cost of lower directive gain
and widens beam width.

In this paper, the array elements are first divided into three main subsets according to their locations
namely central, middle, and outer such that the overall antenna pattern can be easily reconfigured
between narrow and wide beam widths with low sidelobe level (SLL) and steered nulls. The narrow
beam patterns can be achieved by selecting the amplitude excitations of the central subset elements
to be unity, while those for middle and outer subset elements are optimized to get the lowest SLL
and steered nulls. On the other hand, the wide beam patterns can be obtained by turning off all the
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elements of the outer subset. That is by setting their excitation amplitudes to zero. In this case, only
the excitation amplitudes of the middle subset elements are optimized such that the corresponding wide
beam pattern has the lowest SLL and steered nulls. The number of active or passive elements in each
subset is determined by the optimization algorithm such that the required patterns are obtained.

2. DESCRIPTION OF THE METHOD

Consider a linear array of even number of elements N = 2M which are symmetrically distributed about
the center of the array with equally spaced inter-element spacing of d = A\/2. Its radiation pattern as a
function of the elevation angle () in the far-field region can be written as [9]

M (2m—1)
AF uniform (6 Z Wy, COS [ 5 kdsin 6 (1)

where k£ = )\ , A is the wave length, and w,, = amep ™ is the complex amplitude and phase excitations

of the array elements. For uniformly excited arrays, its taper is wy,, = 1 for m = 1,2, ..., M. Note that
there are abrupt changes in the taper amplitudes at the end elements of both array edges which causes
high SLL about —13 dB. The solution to this problem is to apply a specific weighting function across the
array taper where the central elements give more weights and the outer elements less weights as most
of the well-known tapers such as Dolph-Chebyshiv, Taylor, and many others [7]. To proceed with the
proposed multi-region taper, the array elements are divided into three subsets or regions according to
their locations and taper amplitudes. The first subset contains a number of elements whose amplitudes
are all set to ones which are usually located at the array center. The second subset contains the
transition elements whose amplitudes are bounded between ones and zeros which are located at the
middle of the array, while the third subset contains only the thinned elements whose amplitudes are
zero, and they are located at the array edges. Assume that the numbers of elements in these three
subsets are M7, Ma, and M3, respectively.
Then, the overall array pattern of these three portioned subsets can be given by

My
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m3

Outer Subset

Array pattern reconfigurability is achieved by properly controlling the excitation amplitudes of the
central subset elements, a,,,, middle subset elements, a,,,, and the outer subset elements, a,,. From
practical implementation point of view, the amplitude-only method is considered so that the excitation
phases, P, are solely left for the scanning purpose. Further, we choose a,,, =1 for m; =1,2,..., M;
and an,, = 0 for m3 = 1,2, ..., M3, while a,,, are variables for the optimization algorithm or the degrees
of freedoms that determine the required SLL and the steered nulls. Intuitively, to achieve narrow beam
pattern, My > Ms and M3 = 0. Here the number of subset elements M, should be large enough to
provide sufficient number of degrees of freedom for achieving the required array pattern shape.

To obtain a wide beam pattern, we basically need to shorten the array aperture by switching off
more edge elements, thus M3 should be relatively large and M; small while Ms should be able to provide
the necessary degrees of freedom. The genetic algorithm is used to optimally choose the values of Mj,
My, and M3 as well as the excitation amplitudes of the middle subset elements.

3. SIMULATION RESULTS

Consider a symmetric linear array with N = 2M = 40 radiating elements with half wavelength inter-
element spacing. As an example, a narrow beam pattern is achieved with SLL below —30dB and



Progress In Electromagnetics Research Letters, Vol. 111, 2023 81

N
o

1
1
:
Amplitude (Volts) (blue)
-8
Phase (radians) {red)

Magnitude (dB)
g |

0.5

S
=

i

i

S0k §

""""" Uniformly Excited Array Pattern L & » ®
— Optimized Array Pattern
H = = = Constraint Mask
80 = E = 0 L L L L L L L R
-80 -60 -40 -20 0 20 40 60 80 -20 -15 -10 -5 0 5 10 15 20

0 (Degrees)

Figure 1. Array patterns and its corresponding taper weights for M; = 7, My = 13, and M3 = 0.
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Figure 2. Array patterns and its corresponding taper weights for My = 1, My = 9, and M3 = 10.

two symmetric wide steered nulls centered at § = +40° and ranged from 6 = £35° up to 6§ = +45°.
Optimization result shows that each side of the considered array is portioned to My = 7, My = 13, and
Ms = 0 elements as shown in Fig. 1. This figure also shows the corresponding array pattern for the
designed weights. For comparison purpose, the uniformly excited array pattern was also included in
this figure. From this result, it can be observed that the first null to null beam width (FNBW) of the
designed array is 9° which is a little wider than that of the uniformly excited array by 1.5°, and all of
its sidelobes are below —30dB. Also, the two desired nulls are accurately placed.

To switch the radiation pattern to wide mode and maintain the same SLL and steered nulls as in
the previous example, the number of elements in each subset is determined as M; = 1, My = 9, and
M3 = 10. Fig. 2 shows the resulting array pattern under such partitioned case. Here, it can be observed
that the FNBW of such an array is 18.6° which is greatly wider than that of the pervious narrow beam
pattern. Also note that all of its SLLs are still maintained below —30dB, and the two desired nulls are
within the required depth and width. Table 1 summarizes the performances of the above mentioned
two tapered array designs.

Figure 3 shows another case of the resulting array pattern for My = 1, My = 7, and M3 = 12
elements. Next, the variations of the taper efficiency, directivity, beam width, and the SLL for different
numbers of the thinned elements in the outer subset region are illustrated in Table 2. In this table,
the number of elements in the central subset region was set to M; = 1. From these results, it is
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Table 1. Weights and performances of the tested arrays.
T Directivit, LL FNB
Designs Subsets Weights aper Hrectvity S W
Efficiency (dB) (dB) (deg.)
Uniform | o 1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1 1 28.21 ~13.2 6.0
Array
My =17 0.16,0.23,0.26,0.21,0.29,0.43,0.38,0.57
Design 1 | Ms =13 O AT AT ST AT A0 6 0.81 26.38 -30 9.0
0.47,0.84,0.54,0.80,0.71,1,1,1,1,1,1,1
Mz =0
My=1 0,0,0,0,0,0,0,0,0,0,0.11,0.18,0.34,0.42
Design 2 My =09 A 0.4 20.23 —30 18.6
0.53,0.70,0.70,0.87,0.86,1
Ms =10
My =1 0,0,0,0,0,0,0,0,0,0,0,0,0.04,0.04
Design 3 My=7 T T e e 0.22 15.39 -31 42
0.11,0.17,0.41,0.64,0.90,1
Ms =12

Table 2. Performance of the designed array under different number of elements in the outer subset.

Tapered Array Pattern
Performances Number of array elements per side = 20, M; = 1, M2 and M3 are variables
Mzs=0|Ms=2|M3s=4|M3=6|M3s=8|M3s=10| M3 =12 | Mg =14 | M3 =16 | M3 =18
Taper Efficiency | 0.85 0.75 0.67 0.56 0.5 0.41 0.22 0.22 0.1 0.06
Directivity (dB) | 26.84 25.76 24.80 23.28 22.23 20.57 15.39 15.0 9.18 5.39
SLL (dB) -30 -30 -30 —31 —-30 —-30 -31 —-31 - -
FNBW (deg.) 8.5 9.6 10.8 13 14.6 17.6 42 44.6 160 170
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Figure 3. Array patterns and its corresponding taper weights for My = 1, My = 7, and M3z = 12.

found that the directivity and taper efficiency get lower when increasing the number of outer thinned
elements. In addition, the taper’s width becomes narrower which results in a wider beam pattern.
More importantly, the SLL and steered nulls are both maintained within the desired limits regardless
of the thinned elements number. This is mainly because the proposed subset tapers have been designed
without abrupt changes in the excitation amplitudes. The number of adaptive elements in the middle
subset region controls the transition width between the thinned region and centered region.
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Figure 4. Planar beam-pattern and its corresponding taper weights for My x M} = 7 x 7,

My x My =13 x 13, and M3 x M3 =0 x 0 elements.
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Figure 5. Planar beam-pattern and its corresponding taper weights for M; x M} = 1 x 1,

My x My =9 x 9, and M3 x M3 = 10 x 10 elements.
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Figure 6. Planar beam-pattern and its corresponding taper weights for M; x M} = 1 x 1,

My x My =7 x 7, and M3 x M3 =12 x 12 elements.
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Finally, the proposed method was extended and applied to the square planar array of dimension
20 x 20 elements. Fig. 4 shows the optimized amplitude weights along with their corresponding beam-
pattern for My x M1 =7 X 7, My x Mo =13 x 13, and M3 x M3 = 0 elements. Fig. 5 shows the result
for another case of My x My =1x 1, My x My =9 x 9, and M3 x Mg = 10 x 10 elements, while Fig. 6
shows the results for M| x My =1 x 1, My x My =7 x 7, and M3 x Mg = 12 x 12 elements. These
figures satisfy the desired beam-patterns and prove the effectiveness of the proposed method for both
linear and planar arrays.

4. CONCLUSIONS

From the demonstrated results, it has been found that the designed taper array have capability to
easily switch between narrow and wide beam patterns by adaptively controlling the number of elements
and their amplitudes in each subset region. Unlike other existing array tapers, the proposed taper
has three different regions, namely, uniform, transit, and thinned regions with full adaptive control on
their element excitation weights. The elements in the transit region play a major role in satisfying the
required SLL and steered nulls, while the elements in the uniform and thinned regions control the beam
widths of the resulting array patterns.
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