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Reconfigurable smart antenna offers low
complexity and high gain
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Schematic of the smart SSPP-LWA system. The RS-camera automatically
detects the moving target—a model car or a target user in the environment. The
position information of the target is sent to the control system, the supply voltage
(via a FPGA) or input power (via a signal generator) is fed back in a few
milliseconds, and the working status of SSPP-LWA is altered or the beam
tracking are realized accordingly. Credit: OES
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Smart antennas have garnered significant attention for their ability to
enable both communication and perception functions simultaneously;
however, they commonly come with complicated controls and a high
cost.

The growth of the Internet of Things (IoT) and artificial intelligence (Al)
has led to new applications across disciplines, and a range of flexible and
miniaturized perceptive devices. Smart antennas that can perceive the
environment and transmit and receive signals through complex wireless
channels will play an important role in future communication, sensing
and other fields.

Smart antennas typically fall into three main categories:

1. Beamforming antennas: These antennas dynamically adjust their
orientation to focus the signal and provide enhanced signal
coverage and quality. However, they require complex hardware
and signal processing, increasing system costs and posing
adaptation challenges in dynamic environments.

2. Adaptive antennas: These antennas adjust their parameters in real-
time to improve signal quality and combat interference. Despite
their benefits, they demand complex hardware and algorithms,
along with significant computing resources.

3. Multi-functional metasurfaces and reconfigurable intelligent
surfaces (RIS): multi-functional metasurfaces achieve full-space
functions by adjusting the phase or polarization of units, enabling
capabilities like holograms and optical sensing. RIS optimizes
signal channels by adjusting reflection and refraction properties,
so as to improve signal coverage and capacity. They require
sophisticated control systems when the metasurfaces are large-
scale.
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Among them, metasurfaces combined with sensors have advanced
intelligent electromagnetic (EM) control systems. For instance,
metasurfaces integrated with computer vision (CV) rely on cameras,
data, and algorithms to perform tasks such as beam tracking, remote
sensing, and traffic surveillance.

Intelligent metasurface systems based on CV have been developed for
EM tracking and real-time wireless communication with moving targets.
These systems tune the EM characteristics of each unit cell in the
metasurface electrically, enabling high-accuracy and flexible real-time
beamforming. However, manufacturing complexity and power
consumption pose technical challenges.

With the goal of developing a new type of smart antenna with reduced
system complexity and costs, a team has built an externally perceivable
leaky-wave antenna (LWA) system based on spoof surface plasmon
polaritons (SSPPs). Spoof surface plasmon polaritons (SSPPs) is a
special type of "one-dimensional" metasurface with highly localized EM
fields and flexible and tunable dispersion properties, which can provide
novel solutions for the development of next-generation circuits and
systems.

The research is published in the journal Opfo-Electronic Advances.

Low-crosstalk and conformal transmission lines, active and passive
devices and communication systems based on SSPPs have been
proposed, with the advantages of miniaturization, conformal, low cost
and easy integration for future wireless communication. Among them,
SSPP leaky-wave antennas possess flexible control, a wide frequency
band and high gain and can realize large angle beam scanning.

Compared with the metasurface, the reconfigurable SSPP antenna has
fewer active components and lower design complexity and is relatively
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simple to manufacture with low power consumption. In view of this, the
reconfigurable SSPP leaky-wave is particularly suitable for the
development of smart antennas.

The authors of the article delivered an externally perceivable leaky-wave
antenna (LWA) based on SSPPs. The proposed smart SSPP-LWA
system with external perceptibility can automatically realize real-time
switching between the "radiation" state (when external eavesdropper is
not detected) and the "non-radiation" state (when external eavesdropper
is detected), as well as beam tracking towards recognized moving target.

In the communication scenarios, the SSPP-LWA obtains the real-time
location information of the external jammer or target user through CV,
switches the radiation/non-radiation states accordingly, and realizes
automatic tracking of a moving target by adjusting the input frequency.

Leveraging the capabilities of beam reconfiguration and external
perception, the proposed SSPP-LWA serves as a prime contender for
smart systems, offering the ability to autonomously select optimal
operating modes and intelligent communication in dynamic, complex
environments.

This work is crucial as it addresses several challenges that current smart
antenna systems face, such as limited operating bands, high complexity,
and substantial costs. It also improves radar systems and secure
communication channels through adaptive beamforming and
interference mitigation.

Additionally, it facilitates efficient and reliable communication between
a vast number of devices in smart homes and cities. Enhanced radar,
better communication and sensing capabilities can make autonomous
vehicles safer and more reliable and enhance the user experience in
everyday applications, such as mobile internet and streaming services.
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The next steps for this research involve refining the SSPP-LWA
technology with other advanced systems, such as unmanned aerial
vehicles (UAVs) communication networks and artificial intelligence
(AI), to enhance its capabilities. Building upon the proposed
reconfigurable SSPP-LWA, there is potential to design multi-
dimensional digital LWAs in the future.

In brief, different radiation states can be determined by amplitude,
frequency, and polarization coding matrixes, allowing digital baseband
signals to be directly modulated onto the radiated wave. Consequently,
the presented reconfigurable SSPP-LWA is expected to find applications
in future intelligent wireless communications.

The smart SSPP-LWA system perceives the environment in real time to
complete the adaptive working state and accurate target tracking, which
can not only optimize the spectrum utilization and reduce interference,
but also improve the intelligence level and automation level of the
system, showing a wide range of application prospects in the fields of
UAYV, automatic driving, and intelligent transportation.

More information: Weihan Li et al, An externally perceivable smart

leaky-wave antenna based on spoof surface plasmon polaritons, Opto-
Electronic Advances (2024). DOI: 10.29026/0ea.2024.240040
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