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Guest Editorial
Disruptive Beam-Steering Antenna Technologies
for Emerging and Future Satellite Services

1. INTRODUCTION

IGH-GAIN antennas with beam-steering capabilities no

doubt act as one of the crucial subsystems to realize world-
wide high-throughput Internet connectivity via satellites [1], [2],
[3], [4], [5], [6]. The importance of satellite-based connectivity
has become obvious after the massive increase in the Internet us-
age during the COVID-19 pandemic, which strained existing ter-
restrial connectivity infrastructure and further exposed the nega-
tive impact of the digital social divide to remote areas across the
globe, not only in developing countries but also in the developed
countries. A low-cost, energy-efficient, high-gain beam-steering
antenna terminal is paramount in making space-based Internet
services an affordable reality of people living in remote areas.

In addition to wireless links between satellites and Earth, high-
gain antennas with beam steering are required for interspace
communications, e.g., forming wireless links between space-
crafts such as intersatellite links, and various other satellite-
based services such as Earth observation using synthetic aperture
radars in certain imaging modes, such as the spot mode.

For satellite communications, many users demand low size,
weight and power (SWAP)-constrained beam-steerable antennas
that can be installed unobtrusively on various platforms, in-
cluding civilian and defense aircrafts, unmanned aerial vehicles,
submarines, ferries and other marine vehicles, trains and many
other land vehicles including coaches/buses, caravans/motor
homes, cars, sport utility vehicles and high mobility multipur-
pose wheeled vehicles. Due to various restrictions imposed by
spectrum sharing and physical constraints, these antennas are
required to conform with stringent regulatory standards. One
of the most challenging requirements comes from effective
isotropic radiated power density masks that limit the pattern
shape including side-lobe levels to reduce radio-frequency in-
terference to others, while transmitting. Other requirements are
related to dimensions, such as low drag on high-speed platforms,
low power consumption in battery-powered platforms, ease of
transportation and folding in portable/manpack platforms, and
a small visual signature for aesthetics or concealing.

Researchers from both academia and industry have been
working on innovative solutions to meet these requirements. The
solutions that have been proposed used many promising tech-
nologies, including but not limited to transmitarrays, reflectar-
rays, digitally controlled metasurfaces, electronically controlled
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arrays, mechanically rotated metasurfaces, and mechanically
rotated and tilted antennas (reflectors or flat-panel antennas).
This Special Cluster aims at compiling the state-of-the-art of ap-
plied and analytical research, including the latest technological
advancements and the use of innovative materials and methods
to disrupt the way beam-steering antennas are designed and to
reveal novel approaches for the design and analysis of antennas
for the next generation of satellite communication systems.

II. CONTRIBUTION

This Special Cluster consists of 16 peer-reviewed letters
from several academic institutes around the world, which are
summarized in Table I. These letters covered various topics that
addressed different research questions and are broadly divided
into two groups based on the fundamental beam-steering ap-
proach employed: electronic and mechanical.

A. Electronic Beam Steering

In electronically steered antennas, the beam is steered to the
desired direction without physically moving the antenna. One
of the classic examples of electronically steered antennas is
the phased array, where the phase of the signal being fed to
each antenna element of the array is varied to change the beam
direction. Classical electronically steered antennas have a low
profile, and they can steer the main lobe at a very high speed.
It is because of these advantages, these methods are mostly
used in high-end applications including radars, 5G, and radio
astronomy.

In [A1], Yang et al. present the concept of increasing the
maximum elevation angle of the end fire Yagi-based design by
reducing the antenna width. A 1x8 array design has demon-
strated a scanning range of up to 60° elevation angle.

In [A2], Xu et al. improve the scanning performance of
a leaky-wave antenna by via scanning. The design presented
has achieved a scanning rate of 8.84° per percentage with a
continuous beam-scanning in a range between —56° and +48°.

In [A3], Doucet et al. present a methodology to reduce the
maximum height of a parallel-plate-waveguide-based antenna
by a factor of 3. The design aims at reducing the height of
the antenna system and making it compact by introducing an
additional cavity to the parallel-plate waveguide.

A wideband multibeam beam-steering design is presented by
Xu et al. [A4] for 5G millimeter-wave communications. The
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TABLE I
CLASSIFICATION OF THE MANUSCRIPTS BASED ON THE PRINCIPLE OF
BEAM-STEERING TECHNIQUE

No Authors Technology Concept
1 Tengetal Mechanical Height-adjustable
antenna array
2  Yangetal Electronic End-fire array of quasi-
Yagi elements
3 Xuetal Electronic Leaky wave antenna
with high-Q resonators
4 Doucetetal. Electronic Parallel-plate
waveguide lens
5 Xuetal Electronic Substrate integrated
waveguide
6  Zetterstrom et Electronic Half-Luneburg lens
al.
7 Wang and Mechanical ~ Simplified Risley prism
Rahmat-Samii
8 Wangand Electronic T-shaped split ring
Dong resonator
9  Trzebiatowski Electronic Passive lens-based
et al. antenna for CubeSat
10 Kimetal. Electronic Stacked Yagi-Uda for
CubeSat with circular
polarization
11 Lietal. Electronic Folded reflectarray with
switches
12 Zhao and Electronic Circularly polarized
Dong microstrip leaky-wave
antenna
13 Kampouridou Electronic Reconfigurable
and Feresidis metasurface antenna
14 Tornero et al. Electronic Passive frequency beam
scanning method using
a leaky-wave antenna
15 Lietal Electronic Phased array of dual-
polarized aperture-
coupled patch elements
16 Sunetal Electronic Folded reflectarray

measured bandwidth of the antenna is 15.4% and its maximum
beam angle is 55°.

In [A5], Wang and Dong present a miniaturized antenna for
sub-6 GHz applications. The antenna has the dimensions of 0.36
Ap % 0.36 1o x 0.07 1y and can switch its beam in azimuth along
four different directions that are separated by 45° angles.

In [A6], Trzebiatowski et al. present a switched beam antenna.
This design is realized using a 3-D printed dielectric lens with an
array of a planar patch antenna. The antenna can switch its beam
in 16 different directions and maintains a gain value between
14-16 dBi.

A self-deployed Yagi—Uda antenna is presented for CubeSat
by Kim et al. [A7]. The antenna when folded occupies 69%
less volume. The antenna support structure makes use of planar
hinges, and the antenna deploys into the desired shape without
using any actuator or power source.
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In [A8], Li et al. report an interesting element for a reflecting-
metasurface-based design. This design intentionally uses an
asymmetric cell to achieve different phase shifts by twisting
the polarization of the incident field. With this design approach,
the number of switches needed in the metasurface is reduced by
half. This design can provide beam steering to a maximum 60°
elevation angle with a high gain of more than 27 dBi.

In [A9], Zhao and Dao discuss a circularly polarized fre-
quency scanning leaky-wave antenna using a novel square patch
and stub. The design demonstrates about 11% 3 dB axial ratio
bandwidth, and the antenna steers the beam between —4° and
18° elevation angles through the broadside direction.

In [A10], Kampouridou and Feresidis use the concept of
holographic metasurface to design a multibeam antenna in which
each beam can be steered independently with varactor diodes.
The theory of the design is verified through full-wave simula-
tions.

In [A11], Tornero et al. report a compact leaky-wave antenna
design for wide-angle frequency scanning. The design reported
in the letter demonstrates a scanning range of 130° (£65°) with
a peak gain of 9 dBi.

In [A12], Li et al. propose a scalable planar array design
for low-Earth-orbit satellite applications. The aperture-coupled
patch design used with the array can provide dual-linear and
dual-circular polarization to meet the dynamic requirements
of communication systems. The steering range of the design
reported in the letter is =50° with low cross-polarization levels.

In [A13], Sun et al. investigate and report another similar
design. The design uses the concept of polarization twisting to
achieve the phase shift for a reflecting metasurface. The concept
is demonstrated with two designs with the beams in the broadside
direction and at a maximum elevation angle of 60°.

In [A14], Zetterstrom et al. report a half-Luneburg lens, as
a compact alternative to planar beam forming antennas. The
reported design only has a 1 dB reduction in gain value despite
being half in size compared to a conventional Luneburg lens
antenna. The antenna uses multiple feeds distributed around the
lens periphery, and by switching these feeds, the beam can be
steered to a maximum elevation angle of 50°.

B. Mechanical Beam Steering

Mechanical beam steering is achieved by physically rotating
or laterally translating the parts of the antenna system to align
the beam in the desired direction. In many cases, mechanical
tilting is also required. A classic example of mechanically
steered antennas includes reflector “dish” antennas, where the
whole antenna is rotated and tilted in 2-D angular space to
steer the beam toward the intended direction. There are other
variants where only parts of the antenna system are rotated
and/or moved to steer the beam. For the sake of classification,
in this editorial, we refer to all of them as mechanically steered
antenna systems. Mechanical steering methods have historically
been used because of good system performance such as gain
and pattern quality when compared with electronically steered
antennas. Recent years have seen an enthusiastic response from
the researchers for this class of beam-steering method and some
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have been developed to commercial products, for example for
providing inflight connectivity to airplanes and connecting ships
in oceans.

In [A15], Wang and Rahmat-Samii report a simpler config-
uration of Risley prism antenna. The antenna design uses a
gradient-phase feed source and a gradient-phase transmitarray.
This configuration reduces the profile, weight, and complexity
of the classic Risley prism antenna systems. The performance of
the new configuration is verified through numerical simulations.

In [A16], Teng et al. demonstrate a design based on an
8x 8 antenna array, where the array elements (U-slot microstrip
patches) are physically moved up and down using 64 stepper
motors. The height movement of the array elements adjusts the
relative phase between the antenna elements and hence, points
the beam to the desired elevation angle. The proposed design
effectively steers the beam between +40° elevation angles.

III. CONCLUSION

There is considerable interest in the research community in
addressing the challenges of beam-steering antenna technology.
Although it is not comprehensive, this Special Cluster has
covered a great variety of them and complements a previous
publication by Guest Editor K. Esselle in which some of these
and other beam-steering methods have been reviewed but in less
depth [1]. A few other relevant beam-steering methods that are
not directly featured in this Special Cluster can be found in [2],
[3], [4], [5], and [6].
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