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Abstract — A novel method to reduce antenna radar cross
section (RCS) is proposed in this paper. A wideband
Vivaldi antenna is adopted for demonstration, the shape
of which is optimized by the differential evolution
algorithm (DEA) under Python and HFSS co-simulation
environment. By utilizing this simple and efficient
design approach, no additional structure is required for
RCS reduction while other electromagnetic performance
of the antenna can be well maintained. Results show that
the designed Vivaldi antenna achieves a good RCS
reduction from 4 GHz to 9 GHz, validating the possibility
and feasibility of this method for further radar target
application.

Index Terms — Differential evolution algorithm (DEA),
radar cross section (RCS) reduction, Vivaldi antenna.

I. INTRODUCTION

With the development of detection technology
and stealth technology, the radar cross section (RCS)
reduction of the antenna is undoubtedly of great military
significance. RCS is a physical indicator that
quantitatively describes the effective scattering area of
the incident wave from a certain direction. Obviously,
different kinds of antennas have different RCS response
[1]-[7]. Vivaldi antenna, as a typical ultra-wideband
(UWB) antenna, is often used in the military field due
to its advantages of good directivity, wide frequency
band and high gain. Therefore, to enhance its practical
versatility in practical application, it is of significance to
reduce the Vivaldi antenna’s RCS.

The RCS reduction of Vivaldi antenna has been
studied in many literatures. Basically, reducing the RCS
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of Vivaldi antenna can be categorized to two groups.
One is to load specially-designed structures on the
Vivaldi antenna to achieve antenna RCS reduction. In
[8], ultrathin microwave-absorbing materials (MAMS)
are placed at the side edges of a Vivaldi antenna, which
can absorb the reverse currents at the outer side edges so
that the RCS can be reduced. A half-mode substrate
integrated waveguide (SIW) structure proposed in [9] is
used in antenna design for RCS reduction while a phase-
switched screen (PSS) is designed for the same purpose
in [10]. In addition, a photonic band gap (PBG) structure
is applied to a bilateral Vivaldi antenna to realize
antenna’s RCS reduction [11].

The other group is to modify the shape of the
Vivaldi antenna so as to achieve low RCS response.
In [12], an antipodal Vivaldi antenna with low RCS
characteristic is demonstrated, which is realized by
removing a portion of the metal from the antenna and
placing periodic slots near the edges of the radiating
element. Vivaldi antennas are modified in [13] by three
pairs of arcs to realize wideband RCS reduction. In [14],
an approach to implement annular slot along with
exponential curves in the antenna is proposed to achieve
RCS reduction. Moreover, a flat corrugated slotline is
designed in [15] to replace the exponential gradient
curve of antenna, which results in RCS reduction when
the incident wave is perpendicular to the antenna.

However, regarding to the approaches of either
introducing extra structures or modifying the shape of
the antennas, all of these above-mentioned design
methods still have to take a long and customized
simulation process, which is not a universal methodology
for RCS reduction. Therefore, it is necessary to have a
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new and highly efficient method so that researchers can
specify design goals and then use an optimization tool to
find and select the most reasonable result and obtain the
desired performance. From the mathematical point of
view, the optimization method should be a fast way to
find extreme values, i.e., under the constraints of a set of
equations or inequalities, the system's objective function
reaches its extreme value of maximum or minimum.

In this paper, in order to alleviate the aforementioned
problems, a low RCS Vivaldi antenna is designed by a
highly efficient optimization method. The co-simulation
of the commercial electromagnetic tool, HFSS, and
Python program is adopted, and the differential evolution
algorithm (DEA) is utilized to find the optimal antenna
pattern that satisfies both radiation and scattering
requirements.

I1. PRINCIPLE OF DEA METHOD

The DEA is a random parallel direct search algorithm
proposed by Storm Rainer and Price Kenneth in 1995
[16]. It has the characteristics of simple operation and
global search, which not only can avoid the shortcomings
of classic and local optimization methods such as low
convergence accuracy and easy convergence to local
extreme values, but also has been successfully applied to
complex electromagnetic optimization problems such as
array synthesis and filter design. In this work, the DEA
is applied to the RCS reduction of the antenna for the
first time. Figure 1 shows the flowchart of optimizing the
RCS of Vivaldi antenna with DEA method.

In this paper, Vivaldi antenna is separated into small
rectangles, and low RCS Vivaldi antenna is obtained by
controlling the presence or absence of the rectangles in
each position. Each column of the Vivaldi antenna is
considered as a variable. Before the optimization, the
number of rectangles (denoted as N) contained in each
column of the Vivaldi antenna needs to be calculated.
For each variable, the value ranges from 0 to 2N-1. When
the Vivaldi antenna is optimized by the DEA, the
individuals of population number are randomly generated
to form the first generation population, and then the
HFSS software is called by Python script, where the
antenna model is simulated by Finite Element Method
(FEM) to realize the calculation of antenna radiation and
scattering characteristics and then each individual fitness
value can be obtained. The fitness function here is the
RCS of the antenna. The fitness value will be compared
with the target value afterwards. Once the fitness value
is less than the target value, the optimal pattern of the
low RCS Vivaldi antenna can be obtained. Otherwise,
mutation and crossover operations are then performed to
obtain crossover individual. Next, the target individual is
compared with the crossover individual. If the fitness
value calculated by the crossover individual is less than
the fitness value calculated by the target individual, the
crossover individual is inherited to the next generation.
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Otherwise, the target individual will be given to the next
generation. This is going to repeat until the fitness value
is less than the target value or the number of iterations
reaches the specified maximum number of iterations, the
whole optimization process will be terminated.
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Fig. 1. Flowchart of DEA method for Vivaldi antenna
RCS reduction.

h—. -

X

tl,

o =

Fig. 2. Geometry of the reference Vivaldi antenna.

Fig. 3. Surface radiating current of the reference Vivaldi
antenna at: (a) 4.5 GHz and (b) 8.5 GHz.

It is worth noting that for the design of low
RCS Vivaldi antenna, both radiation and scattering
characteristics must be taken into account. Therefore, as
long as the reflection coefficient of the Vivaldi antenna
is less than -10 dB, a series of subsequent steps such as
the comparison between the fitness value and the target
value would be performed.



111. DESIGN AND DISCUSSION OF LOW
RCS VIVALDI ANTENNA

A. Low RCS Vivaldi antenna design

In order to illustrate the RCS reduction effect, a
conventional Vivaldi antenna is taken as the reference
antenna, and its geometry is shown in Fig. 2. It can be
known that the Vivaldi antenna is composed of a stepped
microstrip feeding line and a radiating tapered slot.

B

Ws

Fig. 4. Geometry of the proposed Vivaldi antenna.

The surface radiating current distributions of the
reference antenna at 4.5 GHz and 8.5 GHz are shown in
Fig. 3, which can be observed that the radiating current
of the Vivaldi antenna is mainly concentrated on both
sides of the tapered slot and the microstrip line, so DEA
method can be applied to optimize the remaining part
of the Vivaldi antenna with relatively weak radiating
current, which can in turn help reduce the antenna’s
RCS. The proposed antenna optimized by DEA method
is shown in Fig. 4. Both antennas are printed on Rogers
5880 substrate with dielectric constant of 2.2, loss tangent
of 0.0009 and thickness of 0.508 mm. The detailed
dimensions of the proposed antenna are shown in Table 1.

Table 1: Parameters of the proposed Vivaldi antenna

Parameter | Value Parameter | Value
w 80 mm Wa 2 mm

| 120 mm Ws 20 mm
h 0.508 mm d; 38 mm
W1 60 mm hy 2 mm
Wo 1.65 mm r 7.8 mm
W3 2 mm 6 80°

B. Radiation performance

In order to verify the radiation characteristics of
the proposed antenna, the VSWRSs, maximum radiation
gains, and radiation patterns of the reference antenna and
the proposed antenna are discussed in this section.
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The simulated VSWRs and gains are depicted in Fig.

5. It can be seen that the VSWR of the proposed antenna
is less than 2 in the frequency range of 4~9 GHz, which
is similar to that of the reference antenna. By observing
the gain response in Fig. 5, it can be found that the
gain of the proposed antenna is slightly lower than
the reference antenna but within an acceptable range,
the phenomenon of which can be understood that the
effective radiation aperture of the proposed antenna is
slightly smaller than the reference antenna.

The E-plane and H-plane normalized radiation
patterns of the two antennas at 4.5 GHz and 8.5 GHz are
plotted in Fig. 6, from which one can observe that the
proposed antenna has comparable radiation performance
as the reference one.
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Fig. 5. Simulated VSWRs and gains of the reference and
the proposed antennas.
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Fig. 6. Radiation patterns of the reference and the
proposed antennas at: (a) 4.5 GHz and (b) 8.5 GHz.
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C. Scattering performance

In order to evaluate the scattering characteristics of
the proposed antenna, planar incident wave is uniformly
illuminated on the antenna surface, and the monostatic
RCS at different incident angles can be calculated in
HFSS when the incident wave is #-polarized. According
to Fig. 7 (a), when the incident wave is perpendicular
to the Vivaldi antenna, i.e., ¢ = 0°and 8= 0° the
monostatic RCS of the proposed antenna in the whole
frequency band is significantly reduced compared with
the reference antenna. In particular, the monostatic RCS
of the proposed antenna is reduced by 5.24 dB at 5.5 GHz.
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Fig. 7. Simulated monostatic RCS at different incident
angles: (@) ¢ = 0°, 6= 0° (b) ¢ = 0°, 0= 60° (c) ¢ =
90°, 6=60°.
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Figures 7 (b) and (c) show the monostatic RCS
performance when the angle of incident wave 6
increases to 60°. It can be seen that, though the incident
direction varies to a large angle, the monostatic RCS
reduction of the proposed antenna can still maintain in a
satisfactory range in most frequency bands of 4~9 GHz.
Especially, when ¢ = 0°and 8= 60°, the monostatic RCS
of the proposed antenna can be reduced more than 6 dB
in the band of 4.75~6.2 GHz; and at 4.85 GHz, 14.4 dB
RCS reduction is achieved. At the case of ¢ = 90°
and 6= 60°, the proposed antenna obtains more than 6.5
dB RCS reduction in both 5.8~6.2 GHz and 7.25~8.05
GHz bands, particularly 11 dB RCS reduction is achieved
at 6 GHz. Therefore, it can be concluded that the average
monostatic RCS of the proposed antenna in the whole
frequency band is much lower than that of the reference
antenna while the proposed one still possesses other
good radiation performance similar to the reference one.

1V. CONCLUSION

A low RCS Vivaldi antenna for UWB
communication system application is proposed in this
paper. Numerical results show that satisfactory radiation
performance of the proposed antenna has been obtained.
Compared with the reference antenna, the operational
bandwidth of the proposed antenna can cover a wide
range from 4 GHz to 9 GHz with VSWR less than 2,
while its radiation patterns still maintain directional
performance. The scattering characteristics when the
incident wave is #-polarized are also analyzed. Results
show that when the incident wave is perpendicular to the
antenna, the monostatic RCS of the proposed antenna
has been reduced in the whole frequency band,
particularly when the incident wave angle increases to
60°, the monostatic RCS still maintain a good reduction
in most frequencies of 4~9 GHz.
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