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Abstract – In this work, computationally efficient design
optimization of frequency selective surface (FSS)-loaded
ultra-wideband Vivaldi antenna via the use of datadriven surrogate model is studied. The proposed design
methodology consists of a multi-layer FSS structure
aimed for performance improvement of the Vivaldi
design, which makes the design a multi-objective multidimensional optimization problem. For having a fast
and accurate optimization process, a data-driven surrogate model alongside the metaheuristic optimizer honeybee mating optimization (HBMO) had been used. The
optimally designed antenna had been prototyped and its
performance characteristics had been measured. The
obtained experimental results are compared with the simulated results of the proposed method. Results show that
the obtained FSS-loaded structure has enhanced directivity compared with the design without FSS structure,
without any performance losses in the return loss characteristics. The FSS-loaded Vivaldi antenna operates
at 2–12 GHz band with a maximum gain of 10 dBi at
10 GHz which makes the design a good solution for
RADAR applications.
Index Terms – Frequency selective surface, optimization,
surrogate modeling, ultra-wideband, Vivaldi antenna.

I. INTRODUCTION
Due to their high-performance characteristics
Vivaldi antenna designs are being used in many
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communication applications such as microwave imaging and ground penetrating radar (GPR) [1], [2]. In
order to analyze the composition of underground soil,
GPR requires to propagate high-power EM wave to the
ground. In order to have a wide range of characterization of soil the signals need to go deep into the ground
and have high resolution. For such capability the GPR
antenna requires to operate in low frequency, have ultrawideband characteristics, and high gain performance [3].
There are different types of antennas suitable for GPR
applications with respect to their characteristics such as
o GPR antenna dipole [4], bowtie [5], [6], and Vivaldi
antennas [7], [8]. Due to its high gain, ultra-wideband
characteristic, Vivaldi antenna can be named as one of
the most commonly used antenna design for GPR applications. It should be noted that such designs usually
require a large design space or smaller size with lower
performance measures. Usage of lens structures can be
named as one of the methods for performance improvement of antenna designs [9], [10]. However, although
the placement of dielectric lens structures can increase
the gain performance of antenna but their improvements
are limited [11].
Another well-known solution for performance
enhancement of antenna designs is the placement of frequency selective surfaces (FSS) to the aperture of the
antenna in an optimally determined configuration such
as: antenna design with a multi-layer S-type resonator
with zero index for gain enhancement [12], design with
https://doi.org/10.13052/2021.ACES.J.361211
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process usually forces researchers to make a decision for
their models. Either they should use a course model with
low accuracy for achieving fast and computationally
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II. FSS-LOADED VIVALDI ANTENNA
In Figure 1, a typical AVA design modeled in 3D
CST MWS environment is presented. AVA is designed
on a PLA Filament–Polar White RBX-PLA-WH002 (εr
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C1 = 5, C2 = 0, R = 0.03; and C1 = 15, C2 = –8, R =
0.1, respectively. In Figure 2, the simulated performance
of the Vivaldi antenna without FSS structure had been
presented.

Fig. 1. A typical antipodal vivaldi antenna.

Fig. 1. A typical antipodal Vivaldi antenna.

Fig. 2. Simulated performance of the Vivaldi antenna.
Fig. 2. Simulated performance of the vivaldi antenna.
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Herein, for determination of optimal design variables of the proposed antenna, a powerful populationbased hybrid metaheuristic algorithm HBMO had been
used [30, 31]. HBMO is an algorithm based on the
mating habits of honey bees in which the new born members of the bee colony (usually assumed that all members are female) are ranked based on their fitness to be
the new queen of the colony. The search for the new
queen can be considered a global search strategy where
there is no initial knowledge of the optimal solution [30].
When, the nurse bee finds a candidate with better fitness values than the current queen the candidate will be
crowned as the queen. After the coronation, in order
to enhance the development of the new queen and her
breeding capabilities, the nurse bees start to feed the
queen with “Royal Jelly,” a nutrition that can significantly enhance the fitness of the new queen. This process can be considered as a local search where there is
an initial knowledge about a global or local optimum
which can be furthered enhanced [31]. It should be
noted that, although there are many novel and recently
published global search metaheuristic optimization algorithms in literature that might have better convergence
speed than the used HBMO algorithm, the main concern
of this work is not focused on the convergence performance nor the selection of optimal metaheuristic optimization algorithm. In this work, with the usage of the
proposed data-driven surrogate modeling technique, the
simulation time required for the prediction of scattering and directivity characteristics of the antenna would
be much less than a second while single EM simulation
for the selected antenna might take up to 5 minutes or
more with respect to the mesh size and the used hard
ware setup. Thus, in a case that hundreds of function
evaluations would took less than a minute the convergence speed of the algorithm can be neglected. Thus,
here HBMO algorithm is taken as an example of a metaheuristic optimization algorithm for the selected problem. The cost function that had been used for HBMO
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training and 100 are taken as “hold-out” data for evaluation of over-fitting performance of surrogate models.
For sampling method, Latin-Hyper cube sampling (LHS)
method is used. The frequency range is 1–12 GHz with
a step size of 0.1 GHz.

III. SURROGATE MODELING
In this section, some of the commonly used AI
regression algorithms have been used for creating a surrogate model for creating a mapping between design
variables of FSS structure and the outputs of maximum
gain and scattering parameters of the antenna design. For
creating the surrogate model of the FSS-loaded Vivaldi
antenna, the algorithms given in Table 2 are trained with
K = 5 K-fold cross validation. Furthermore, a holdout
data set with 100 samples is used for testing the overfitting performance of the models. Relative Mean Error
(RME) metric (Eqn (4)) have been used for performance

IV. DESIGN OPTIMIZATION
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The optimally selected design variables of the design are
as follows: W1 = 8.75, L1 = 4, S1 = 1, H = 23.7 all in
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[mm]. These values are obtained after 15 iterations, 25
Drone bees, and Royal jelly step size of ±0.1 using
HBMO optimization [30].
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