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Abstract

The novel approach of this paper describes the suppression of grating lobe level with the element
count optimization in planar antenna array. Rectangular lattice (RL) and triangular lattice (TL)
structures are chosen for determining the achievable array element patterns (EP) and further
suppressing the grating lobe level. The element spacing and number of elements (10 x 20 array)
are taken into account for particular lattice. Grating lobe peaks are observed for the 200-element
planar array at maximum scan angle () with the set frequency of 3 GHz. Further, it is found that
14° bore sight elevation of rectangular lattice produces a transformed field of view, which permits
a reduction in element count of 20.39% compared with 10° bore sight elevation. Finally, the typi-
cal values of elevation, element count and array size (25 cm?2) are trained using artificial neural
network (ANN) algorithm and element count is predicted after testing the network. The network
shows a high success rate.
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1. Introduction

Planar antenna array design with operational bandwidths would result in benefits such as the ability to use a sin-
gle array for wideband or widely separated signals and the ability to share a common aperture for multiple func-
tions. Since fewer openings would be required in a host platform needing to communicate on widely spaced
frequency bands, the use of wideband arrays could reduce integration cost and also ease other system-level re-
quirements [1]. Significant analytical and empirical effort is usually required in order to design wideband arrays.
This is in part due to grating lobe between array elements, which complicates the array design. Grating lobe re-
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sults when array elements located in close proximity interact in a manner that alters the element count and ele-
ment patterns.

Because of the difficulty associated with predicting these effects, grating lobe level is traditionally considered
an obstacle to array design. Grating lobe typically tends to make the active element pattern more directive than
the ideal element pattern indicating high scan roll off of the array.

One of the important array design parameters is element spacing. It is often desirable to design a planar array
with larger element spacing so that more real estate can be made available for transmission lines and discrete
components [2].

However, to avoid the formation of high grating lobes, element spacing is limited to less than 14, for broad-
side beam design and less than 0.64, for a wide-angle scanned beam. In designing a wide-angle scanned planar
array, rectangular and triangular lattice structures are taken as shown in Figure 1.

Selection of the maximum element spacing corresponding to the minimum number of controlled elements in
the limited-scan arrays results in the presence of the array factor grating lobes in real space [3].

The higher level of lobe is usually undesirable, since it corresponds to lowering the array gain due to taking a
part of the radiated power away from the main lobe [3].

The grating lobes of a planar array antenna are conveniently shown in the projection coordinates space as
given in Equation (1), by making use of the direction cosines u and v, where

u =siné@cosp,v=singsin g. (@h)

The rectangular lattice array with axes parallel to array edges, the incipient grating lobes in the array plane
given by Equation (2), determines the optimum lattice spacing is given by [3],

' =sin[A/L+sind)]. 2

2. Analysis of Grating Lobes

The grating lobe constraint restricts array element spacing and is a result of the array periodicity. The periodicity
imposes constraints on element spacing in order to avoid the formation of unwanted radiation peaks called grat-
ing lobes. First grating lobe is parallel to the array when the beam is scanned to an angle 6’ off bore sight and
the length of the array (L = Nd, N = number of elements and d = inter element spacing). The position of the first
outside (array from bore sight) null for an array beam steered to 8 and is given as [3],

d=2/(1+sing") (3)

As 6 =60, the separation d can be large as 0.536. before the grating lobe peak emerges from the plane of
the array as defined by Equation (3). For element (k, I), the phase of element relative to (1, 1) element, y,, is
given as,

W =k, (k=1)d, sin@cosp+k, (1-1)d, sindsinp 4)

where ko = 27/4¢ and the planar array radiation is given by Equation (5),
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Figure 1. Regular lattices. (a) Rectangular lattice; (b) Triangular lattice.
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m is integer number. This condition can only be met if to start with u= pdi,v = qdi where p & q are integer
X y
numbers.

Subject to the condition that, these lobes fall within the unit circle of u®+v? <1. In u-v space, the area with
circle of radius “one” corresponding to real angles 6 and ¢ (—90° < 8 < 90°, 0° < ¢ < 360°) and is called visible
space as in Equation (6). The area outside this is called invisible space with complex angles. For an element dis-
tance equal to one wavelength, grating lobes occur in the principal planes (u = 0, v = 0). Choosing the larger
spacing for dy//l and with v = 0, generates a lobe (U, v—;) as shown in Figure 2.

This often yields unsatisfactory results since grating lobes changes the element performance from the isolated
response. The array designer must balance avoiding undesired mutual coupling effects with eliminating grating
lobes due to the element spacing at the high end of the frequency band [4] [5]. This limits the array bandwidth
when designing with traditional elements.

Elements that are typically used in wideband arrays also tend to be deep and not amenable to conformal ap-
plications. These limitations have prevented array designers from providing array systems that are wideband,
planar, and free from grating lobes over a large scan volume. The spacing of the array’s elements should be
chosen such that grating lobes do not occur when the main beam is steered within the boundaries of the specified
field of view [5] [6]. In addition, it is desirable to space the elements as far apart as possible, in the context of
the grating lobe constraint, in order to minimize array cost and complexity, since larger separation permit a giv-
en aperture to be filled using fewer elements [7].

3. Optimization of Element Count in Planar Arrays

Artificial Neural Network is used for this problem in optimizing the element count taking in to account the grat-
ing lobe level for a given array area and variation of bore sight elevation from 10° to 40° with a step of 2°.

The ability of these networks to generalize relationships between inputs and outputs is a key to their effec-
tiveness [8]. The accuracy of a properly trained network depends on the accuracy of the data used to train the
network. Therefore care must be taken while generating training data, whether the data is generated by simula-
tion or experimentally [9]. The data patterns generated are well trained and confined in retrieving the actual and

V -
T e I (UO, Vl) i
Aldy / ﬁ Ady ——=
l .-"rr » \_‘ [
I:'I (U 1 Vo) (Uo Vo) I'|I
| |
| |
| | u
|I I|
W (U, va) (uo, V1) i
- - i -Fﬂn:'u 5
(Uo, V-2)

Figure 2. Grating lobe location for two dimensional rectangular grid array.
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predicted values of both rectangle and triangular lattice structures. The inputs of the network are expressed as
vector {X}, hidden layer is represented by h(X) and output layer is denoted by {Y} as represented in Figure 3
[10].

4. Results and Discussion

Grating lobe patterns are generated for the case of rectangular lattice planar array antenna structure with element
spacing of dy = 0.294, d, = 0.51 as shown in Figure 4.

Input layer Hiddern layer Output layer

Figure 3. Artificial neural network structure (radial basis function).
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Figure 4. Grating lobe diagram for rectangular lattice planar array antenna for d, = 0.294, d, =
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Different values of inter element spacing of planar array elements considered in order to control the grating
lobe levels. The patterns are generated for the case of rectangular and triangular lattice structure. Inter element
spacing for the rectangular lattice structures are shown in Figures 4-6 and the triangular lattice structures are
represented from Figures 7-9.
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Figure 5. Grating lobe diagram for rectangular lattice planar array antenna for dy = 0.394, d,
=0.54.
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Figure 6. Grating lobe diagram for rectangular lattice planar array antenna for dy = 0.494, d,

= 0.54.
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Figure 7. Grating lobe diagram for triangular lattice planar array antenna for dy = 0.294, d, = 0.54.

2o N B E E B S B BB R S B
35
3
25
2
15
1
05

> 0

45 4 35 3 25 -2 -15 -1 05 O 05 1 15 2 25 3 35 4 45

Figure 8. Grating lobe diagram for triangular lattice planar array antenna for dy = 0.394, d, = 0.54.
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It is observed that with the position change of the grid points in the lattice, the fine tuning of the grating lobes
are controlled. Simulations are carried using MATLAB software.

Array element patterns (EP) with normalized (dB) and general values (dB) are also generated for triangular
lattice structure and are as shown in Figure 10, Figure 11. Further, the performance of the grating lobes is ex-
tended with optimization of element count using ANN.
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Figure 9. Grating lobe diagram for triangular lattice planar array antenna for dy, = 0.494, d, =
0.54.

Pattern

) -1 -0.75 -05 -0.25 0 0.25 0.5 0.75 1

Figure 10. Normalized array pattern (dB) for 10 x 20 triangular array.
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The optimized element count for triangular array element pattern provides element savings of 13%, 13.2%
and 25.03% for 10°, 14° and 26° bore sight elevations respectively, relative to the optimum rectangular lattice.

The data patterns are well trained and tested further in determining the predicted element count. Table 1
shows the actual and predicted element count values for the inputs selected for the rectangular lattice structure.
The network performs high success rate.

Table 2 shows the actual and predicted element count values for the inputs selected for the triangular lattice
structure. The network performs high success rate.

Pattern

dB
)
a

Figure 11. Total array pattern plot (dB) for 10 x 20 triangular array.

Table 1. Actual and predicted values of optimum element count (rectangular lattice).

Bore sight elevation Actual element count Array size Predicted element count
10 152 25 151
12 139 25 139
14 121 25 119
16 114 25 110
18 102 25 101
20 89 25 87
22 81 25 82
24 74 25 71
26 66 25 64
28 59 25 52
30 54 25 50
32 47 25 48
34 42 25 45
36 34 25 39
38 24 25 22
40 19 25 12
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Table 2. Actual and predicted values of optimum element count (triangular lattice).

Bore sight elevation Actual element count Array size Predicted element count
10 131 25 124
12 122 25 120
14 105 25 100
16 99 25 105
18 84 25 89
20 70 25 67
22 59 25 60
24 52 25 56
26 49 25 51
28 41 25 39
30 32 25 31
32 27 25 27
34 21 25 22
36 17 25 14
38 13 25 12
40 8 25 10

5. Conclusion

An approach of grating lobe suppression with the array element count optimization using neural network is ob-
tained. Analysis on the grating lobe and conditions applied for suppression is explained and performed with
maximum scan angle. With change in the bore sight elevation value in rectangular and triangular structures, the
grating lobes are observed for different inter element spacing using MATLAB simulation. The element count
decreases with the increase in bore sight elevation. Comparison of both lattice structures gives the proper opti-
mization of element count with the variation in different values of elevation. As observed, the optimum element
savings of about 25.03% for 26° elevations is achieved for triangular array when compared with optimum rec-
tangular array. Element count optimization for grating lobe suppression is obtained using radial basis function
ANN. The network shows a high success rate for element count for RL and TL structures.
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