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Abstract. In order to reduce the sidelobe level of antenna array, optimize the minimum element
space spacing and element number of the antenna array, it is proposed optimizing technology for
sparse antenna arrays design. The linear gradient aperture function and the stepped aperture
function are used to select the position of the array elements appropriately, and the sparse array with
fewer elements is obtained. The effective aperture is smoothed by controlling the shape of the
transmitting and receiving aperture functions. The radiation patterns of a single antenna and a
sparse array antenna are simulated and compared. The results show that the sidelobes are reduced in
the radiation patterns of the receiving antenna, which provide alternative solutions to the
optimization problems of sparse antenna arrays.

Introduction

Linear phase antenna arrays have been used in radar, sonar positioning, ultrasonic imaging and
seismic signal processing. Sparse arrays eliminating some elements are economical and of great
practical value. Several design algorithms for sparse arrays with specific beams are discussed in this

paper.

Sparse Antenna Array Design

Consider a linear array with N isotropic equispaced elements, where the elements are spaced d, Fig.

1 is the array structure of linear array.
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Figure 1. Array structure of linear array

p(w) =3 winge A (1)

In formula (1), w [n] is the weight of complex excitation or the nth element, A is the wavelength,
andU =sin#. The function p(u) can therefore be regarded as a DTFT with a frequency variable
w[n]. The array elements weighted by the function w [n] of element position are used as aperture
functions. w[n] is a constant for arrays with balanced drive, if d<A/2, the grating lobes in the
radiation pattern will be eliminated. Generally, d=A/2, at this time, the range of u(-m, i). It can be
seen from formula (1) that sparse arrays with fewer elements can be obtained by eliminating some
elements to increase the spacing between pairs of continuous elements until it exceeds A /2. Usually,
this will lead to an increase in the sidelobe level and may lead to the appearance of grating lobes in
the radiation pattern. However, these sidelobes can be significantly reduced by properly selecting
the location of array elements. A two-way radiogram is generated by a transmitting array and a
receiving array. The design of arrays can be viewed as the design of an effective aperture function
Wesi[n], it is a convolution operation of two functions, as shown in Formula 2. Where Wr[n] is the
transmitting array aperture function, Wr[n] is the receiving array aperture function. Therefore, the
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design is determine Wt[n] and Wr[n] according to expectations Wes[n].
W [N] = W [N]® We[n] ) )

Aperture Function

Z-transformation of formula (2) is the formula (3). First, consider the uniform array Wes[n]=1,
when N=2X, factorization P, (z)such as formula (4).

P (2) = R (D)R:(2) ) 3)
Py (D) =(1+2")(1+27)--(1+27") )
Uniform Aperture Function Method
When N = 16, the design method of sparse antenna array using formula (4) is given:
Pe()=(+z)1+z)A+27H(1+27) 5)
Three possible options Pr(z) and Pr(z) are as follows:
Design 1:
P(2)=1.
Pr(z) = (I+Z7HYA +Z7H)A+Z27HA+Z278) . (6)
Design 2:
P(z)=1+2z",
Pr(z)=(1+Z72 +Z7* +Z7° + 278 + 270+ 272 + Z271%) . (7
Design 3:
P()y=(1+z"Y1+z%=1+z2"+z2"+27,
P.(y=(1+z)A+z ) =1+z2"+2"+2°. (8)

Design 1 consists of a single element transmitting array and a 16 elements non-sparse receiving
array, so the total 17 elements are required. Design 2 and 3 generate sparse transmit and receive
arrays. The aperture function for transmitting and receiving of design 2 is given as follows (9).

W n]={11},wg[n]={101010101010101 }. 9)
Among Wr[n], 0 is the missing element, and a total of only 10 elements are needed. Figure 2
shows the radiation pattern of a single antenna and two radiation patterns of a combined antenna.
Figure 2 are the transmitting array (point Line) and receiving array (damaged line) radiogram and
two-way radiogram (solid line).
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Figure 2. Antenna radiogram
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As shown in figure 2, the derived lobe in the radiation pattern of the receiving antenna is
suppressed by the radiation pattern of the transmitting array. Most practical 8-element sparse
antenna arrays are designed using design 3, which requires total of 8 elements. For example, the
aperture function for transmitting and receiving of design 3 is given as follows (10).

W, [N]={1100000011}, wWe[n]={1010101}. (10)
Linear Gradient Aperture Function Method

The shape of the effective aperture function can be smoothed by controlling the shape of the
transmitting and receiving aperture functions to reduce the sidelobe. The sparse antenna array is
designed by choosing the linear gradient effective aperture function P, (z), it can choose

Pit (2) = P(2)P,(2) - (11)
Pl(z):%RZiz” ) Pz(z):siiz’”. (12)

The total number of elements of the aperture function is N=R+S-1. Gradient element value is

l,g,...,ﬂ. The parameter S must satisfy the condition S > R-1. For example, considering the
R R R
design of linear gradient antenna arrays with R = 3 and S = 8, the effective aperture function is

1 2 2 1
Werln]={— = 111111 = —}, 13
(=43 3 3 3 (13)

A possible design of transmitting and receiving antenna array is given as follows (14), the
corresponding proportional radiation diagram is given in figure.3.

WT[n]={110011},wR[n]={§ 1211, (14)
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Figure 3. Radiogram of linear gradient transmitting and receiving antenna arrays

Stepped Aperture Function Method

When in the formula (11),
P (z) = ﬁ [1+z78k@ +z7k@ + - Z_kl(l + ez (1 4 z7F) + )))] (15)

4
Number R of elements in Pi(z)”?], r= 2k, +1, the elements number S of Pa(z) must satisfy the
i=l
¢ (
condition§ = 2>k, » at this point, the elements number of stepped aperture function is 2> k> the
i=1 i=l

value is_1 2 2! For example, when ki = 1, I= 2, and S = 8, the design of the antenna
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P(z) = % (1421 + 273 + 275+ 776),

P(z)=(I+Z Y+ Z2+Z34+Z*+Z°+Z2Z7%+777). (16)
The aperture function is:

w, [n]={02 04 04 06 06 08 1 1 08 06 06 04 04 02} (17)
A possible design of transmitting and receiving antenna arrays:
112,211

1112 1 _
wln={s o ¢ 05 5 5 ghwn={l 1 00 1 1 (18)

The corresponding proportional radiation diagram is given in figure.4.
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Figure 4. Radiogram of stepped transmitting and receiving antenna arrays

It can be seen from figure.3 and figure.4, using linear gradient and stepped aperture function, the
position of the array element is taken as the optimization variable, and the effective aperture is
smoothed by forming the transmitting and receiving aperture function, which reduce the derivative
lobes and further suppresses the sidelobe level.

Conclusions

It is proposed a design of sparse antenna array based on aperture function algorithm in this paper.
By using linear gradient aperture function and stepped aperture function, the sparse array with
fewer elements can be obtained by properly choosing the position of array elements, which can
reduce the volume, weight and number of receiving channels and save hardware costs. The effective
aperture is smoothed by controlling the shape of the transmitting and receiving aperture functions to
reduce the sidelobe level. The simulation results prove the validity of this method.
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