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Abstract – A single-element antenna is usually unable
to meet the communication requirements of the wire-
less system and the main solution is to use an array
antenna. The desire to reduce the weight and cost of
the array antenna gave rise to the sparse array. A lin-
early polarized sparse array antenna with ultra-wideband
wide-angle scanning characteristics based on a genetic
algorithm (GA) is developed in this paper. The antenna
array consists of 40 units, which are arranged by a
rectangular array with a side length of 300 mm. Com-
pared to the conventional periodic array, the proposed
sparse array has reduced about 190 antenna elements.
The sparse array can achieve S11 < −10 dB in the ultra-
wideband of 2.7–12 GHz (120%). Experimental results
for the proposed antenna exhibit an azimuth scanning
angle of ±45◦, and a pitching scanning angle of ±30◦.

Index Terms – genetic algorithm (GA), linearly polar-
ized, sparse array, ultra-wideband, wide-angle scanning.

I. INTRODUCTION
With the rapid development of modern communi-

cation technology, the antenna is indispensable as the
carrier of electromagnetic waves and current conversion.
In some specific engineering applications, the antenna is
required to have high gain and strong directivity, or the
antenna pattern can be scanned, then a single antenna is
often not qualified. The main method to solve the prob-
lem is to adopt an array antenna.

Periodic arrays are widely used due to the conve-
nience of mathematical treatment and assembly of the
array structure. In general, the main lobe resolution
of an array is inversely proportional to the aperture. If
the periodic array is required to have high resolution,
the aperture will be large, leading to an increase in the
number of array elements and production costs [1]. On
this basis, to reduce the cost and system complexity,
it is generally expected to design the large array into

a sparse array or sub-array form. The sparse array is
used to randomly sparse on the same aperture as the
full array [2]. The array element spacing is usually
not fixed and can be any value. The sparse array can
satisfy the required radiation characteristics with fewer
array elements, which not only simplifies the antenna
structure and feed network, reduces the overall weight
of the system, but also greatly reduces the cost of the
system [3]. In the optimized design of a sparse antenna
array, unequally spaced array element positions lead
to a complicated nonlinear optimization. To solve this
problem, setting the element spaces as integer multiples
of a suitably chosen basic spacing simplifies the design
procedure. As GA possesses intrinsic flexibility to
a nonlinear problem, it is mature in optimizing the
unequally spaced arrays. In addition, some antennas
based on GA are proposed [4–6].

Due to the above advantages of a sparse array, the
United States carried out related research on the synthe-
sis of sparse arrays in the 1960s and successfully applied
the sparse array to HAPDAR radar [7]. The same beam
width and side-lobe level can be achieved when the num-
ber of sparse array elements is 50% of the full array. With
the rapid development of sparse array technology, it has
been well applied in Cobra Dane [8], TechSat21 space-
based radar [9], SIAR, Sea-based X-band radar (SBX),
SKA giant Square Kilometer Array [10], and other sys-
tems. Some ultra-wideband phased array antennas have
been proposed [11–13]. Compared with this literature,
The paper has some advantages as shown in Table 2.

Referring to the literature, it can be seen that most
of the researchers on sparse array focus on the opti-
mization of the algorithm, which only focuses on the
theoretical part and less on the practical part [14]. This
paper focuses on the practical part, and a novel sparse
array based on a genetic algorithm is systematically
designed, optimized, and fabricated. Considering that the
practice environment is a missile-borne antenna, how to
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design an ultra-wideband array antenna with wide-angle
scanning, lightweight and high integration are diffi-
cult. Through many experiments, the log periodic dipole
antenna (LPDA) with an exponential shape is selected as
the antenna element. The overall sparse array can oper-
ate from 2.7 to 12 GHz (120%) with 40 antenna ele-
ments. Simulation results show that the beam pointing
accuracy is better than 10 degrees, the azimuth scanning
angle is ±45◦, and the pitching scanning angle is ±30◦.
It is shown that the proposed sparse array significantly
reduces the number of antenna elements.

II. DESIGN PROCESS
A. Sparse configuration

In the case of random array element distribution,
there are many resonant points of the array that are not
at the center frequency, which will lead to impedance
mismatch. When the spacing of array elements is too
large, there will be a gate flap, which will affect the
antenna array gain. Therefore, it is necessary to use a
genetic algorithm to optimize the array layout to deter-
mine the physical layout of the antenna array under the
given constraints and obtain the radiation direction graph
that meets the desired performance index. In GA, the fit-
ness function is used to evaluate the merits and demerits
of each individual, which is usually constructed accord-
ing to the optimization target requirements of specific
problems. In this paper, the antenna position is taken as
the decision variable and the sidelobe level of the sparse
array is reduced as the optimization objective to con-
struct the fitness function. The starting point of array
antenna theory is the principle of superposition. The
principle is applied to the far-region radiation field of the
array antenna, which is the principle of direction graph
multiplication. According to the principle of direction
graph multiplication:

s = elρat ·AF (Ø) , (1)
where elρat is the element factor. AF (Ø) is the array
factor, which is related to the position of the antenna
element in the array. The flowchart of the adopted GA
is shown in Fig. 2 (a), and the population size NP
is 50 when the initial population is formed. Encoding
using real number coding, each optimized variable as a
basis to construct the dye body. To achieve the required
beamwidth while controlling the gain, the fitness func-
tion (2) was constructed according to the maximum E-
plane beamwidth:

f it =
1

a(G−GT )+b(BW −T BW )
,a+b = 1, (2)

where G is the main lobe phase-to-gain, GT is the tar-
get main lobe phase-to-gain; BW is the beam width, and
TBW is the target beam width. By adjusting the weight
system number a and b to adjust the weight balance and
beam width, a=0.8 and b=0.2 were selected according to

the root data. As the beam width and the gain increase,
the fitness function approaches zero. In the selection pro-
cess, the crossover probability is 0.8 and the mutation
probability is 0.05. When the global optimal solution is
obtained or the iteration limit is reached, the iteration is
stopped and the optimization variable is output.

The number of sparse array units is necessary, which
can reduce the cost. As shown in Fig. 1, it realizes the
same characteristics as a full array with fewer units. In
this paper, the scanning angle of the antenna array is
different in azimuth and pitch direction. The azimuth
needs to realize -45 to +45 degree scanning and the pitch
needs to realize -30∼+30 degree scanning. If a rectangu-
lar grid is adopted, as shown in Fig. 2 (b), the final rect-
angle grid determined by antenna element spacing is dx=
0.014 m, dy=0.0156 m. The number of antenna elements
required by the conventional rectangular raster antenna
array is 230 and the spacing between elements is 0.5λ .
The final number of units is determined to be 40 shown
in Fig. 2 (c) and the dimensions are 300 mm × 300
mm. The degree of sparsity reached 17% and the average
inter-element spacing of the antenna is 0.2λ when work-
ing in the low-frequency band. Considering the physi-
cal size of actual antenna elements, the minimum spac-
ing between adjacent elements is 30 mm. Through the
random array optimization algorithm, no grating lobes
appear in the visible area when the antenna array is
scanned in the area of azimuth plane 45 degrees and pitch
plane 30 degrees. The convergence accuracy reaches the
ratio of main and side lobes no less than the target value
of 10 dB and the beam width no more than 35◦. Ideally,
the scanning results of the designed sparse array at 12
GHz are shown in Fig. 3. It can be seen that the antenna
can scan up to 45 degrees in the azimuth plane and 30
degrees in the pitching plane accurately.

Fig. 1. Alignment of expected and reconstructed direc-
tional graphs.
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Fig. 3. Scanning results: (a) Azimuth plane with scan-
ning at 45 degrees. (b) Pitching plane with scanning at
30 degrees.

are determined, the structure of array elements needs to
be designed. To put 40 antenna units in a finite aperture,
a variety of UWB antennas are compared such as a cor-
rugated horn, ridged horn, a helical antenna, and so on
[15]. To meet the index requirements of a sparse array,
various LPDA models are simulated in the design pro-
cess.

Figure 4 (a) shows the contour shape of LPDA
with the director. The model can improve the antenna
directivity greatly, but the impedance-matching effect
is bad. Figure 4 (b) shows the LPDA with a dielectric
lens. This structure is beneficial to improve the radia-
tion efficiency of the antenna, but the cost of the lens
is high. Figure 4 (c) shows the LPDA of the Koch fractal
structure. Considering the performance of antenna ele-
ments and elements in the array, the printed LPDA is
selected.

Figure 5 (a) shows the front view of improved
LPDA, which is printed on a 1.016 mm dielectric sub-
strate with a relative dielectric constant of 3.0 and a loss
tangent of 0.002. To achieve miniaturization, unneces-
sary triangular areas are cut by the dielectric substrate.
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outer conductor is welded directly to the antenna. The 
dielectric between the inner and outer conductor is 
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For traditional LPDA, the dimensions and spacing of
each oscillator are determined by the same scale factor
τ [16]:
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wm
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, (3)

where, lm and wm are the full length and width of the
Mth symmetric bit. dm is the distance between the Mth
symmetric bit and the Mth+1 bit. While keeping the
length of the shortest and longest oscillator constant, the
Vivaldi curve is adopted to cut the size of the remaining
oscillators, which can not only reduce the transverse size
to a certain extent but also improve the antenna gain in
the operating frequency band [17]. The Vivaldi curve is
expressed as follows:
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where (y1, z1), (y2, z2) are the coordinates of starting
and ending points of the curve respectively, and R is
the gradient rate. The contour shape of LPDA can be
changed by adjusting R. Here, we choose R to be 21.4.

Figure 5 (b) shows the overall structure of improved
LPDA and the feeding structure in detail. A pair of metal
isolation plates with a distance of 4 mm is added to the
front and back sides of each antenna element to avoid
serious coupling in the subsequent sparse array design.
Considering the processing feasibility, a metal rectangu-
lar plate is added between the isolation plate and the
printed dielectric plate as support. The antenna is fed
by a coaxial cable, which passes through the reflection
plate and feeds from the bottom [18]. The outer con-
ductor is welded directly to the antenna. The dielectric

converter without affecting the radiation of the antenna, 
making it easier to achieve impedance matching. The 
fabricated antenna is shown in Fig. 5 (c). The final 
dimensions of the proposed LPDA are shown in Table 
1. 
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between the inner and outer conductor is higher than the
outer conductor. The feeding structure plays a role of
a broadband unbalanced-to-balanced converter without
affecting the radiation of the antenna, making it easier to
achieve impedance matching. The fabricated antenna is
shown in Fig. 5 (c). The final dimensions of the proposed
LPDA are shown in Table 1.

Table 1: Dimensions of the Proposed Antenna Element
(unit: mm)

Symbol Value Symbol Value
w 56 l9 24
l 64 d9 7.5

w0 1.2 lq 12
l0 61 hq 16
w1 23.4 hb 3
w9 6 τ 0.8

C. Design of antenna array
After the unit design is completed, 40 antenna units

are arranged according to the positions shown in Fig. 2.
However, due to the idealization of the genetic algorithm,
the position of some antenna elements needs to be further
adjusted. The model of the sparse array after coordinate
optimization is shown in Fig. 6.

(a)

(b)

Fig. 6. The sparse array model: (a) Simulated sparse
array. (b) Fabricated sparse array.

III. SIMULATED AND MEASURED
RESULTS

A. Active standing wave ratio results
The simulated active VSWR < 3 bandwidth of the

antenna is from 3 to 12 GHz (120%), as shown in Fig. 7.
It can be seen that the active standing-wave ratio of indi-
vidual units at individual frequency points exceeds 3.
From Fig. 8, the results show the array antenna has a
return loss of greater than 10 dB over an ultra-wide fre-
quency band (approximately 5:1) for each unit. The oper-
ating frequency band of the array antenna is wider than
that of the other antenna. However, when 40 units work
simultaneously, individual units will not affect the array
effect.

Fig. 7. Active VSWR simulated results.

Fig. 8. S Parameter results.

Active VSWR of some units in the array environ-
ment was measured by Popular Portable Phasor Network
Analyzer (PNA) as Fig. 9 shows. Due to the limited
space in this paper, feeding measured results of four ports
mentioned in Fig. 6 are given in Fig. 10. It can be seen
that the active standing wave ratio of the antenna units is
less than 3.
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Fig. 9. Active VSWR test environment.

Fig. 10. Active VSWR measured results.

B. Radiation pattern results
The radiation pattern was tested in the Microwave

Anechoic Chamber using a planar near-field scanning
technique as Fig. 11 shows. Figures 12 and 13 are the
lobe diagrams at the azimuth plane with scanning 45
degrees and the pitching plane with scanning 30 degrees
at 3.4 GHz, 6.5 GHz, and 11.5 GHz.

Fig. 11. Radiation pattern test environment.

(a)

(b)

(c)

Fig. 12. Radiation pattern in azimuth plane with scanning
45 degrees: (a) 3.4 GHz, (b) 6.5 GHz, (c) 11.5 GHz.
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(a)

(b)

(c)

Fig. 13. Radiation pattern in pitching plane with scan-
ning 30 degrees: (a) 3.4 GHz, (b) 6.5 GHz, and (c) 11.5
GHz.

Figure 14 shows the measured gain results. The gain
of the proposed sparse array antenna is lower than that
of the periodic array antenna with the same aperture.
The decrease in gain is approximately proportional to the
decrease in the number of active array elements, and the
side-lobe is higher than that of the periodic array antenna
with the same aperture. Therefore, when the gain and
sidelobe requirement is not high, this sparse array can
be used to achieve good performance with fewer antenna
elements.

Table 2: Comparison with prior Literature
Ref. Units BW Scanning

Angle
[11] 256 3:1 ±45◦

[12] 64 5:1 ±45◦

[13] 64 3:1 ±60◦

This Work 40 5:1 ±45◦

Fig. 14. Measured and simulated gain.

IV. CONCLUSION
A new linearly polarized sparse array antenna with a

small number of elements, well-controlled side-lobe lev-
els, and wide-angle scanning is introduced. The sparse
array is designed to replace the traditional periodic array
to obtain better performance while reducing cost. The
overall antenna has an impedance bandwidth of 120% for
active VSWR < 3. The measured result overlapped fre-
quency band covers the range of 2.7 – 12 GHz. The sim-
ulation and measurement results indicate that the sparse
array antenna can scan up to ±45◦ in the azimuth plane,
and up to ±30◦ in the pitching plane. The demonstrated
sparse array is a good candidate for popular S-band, C-
band, and X-band applications, such as satellite commu-
nications.
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