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Guest Editorial:
Introduction to the Special Section on Near-Field
Antenna Systems for Communications and Sensing

HE increasing demand for wireless systems that can

operate effectively in the near field of radiating devices
represents a significant shift in research approaches for
antenna engineers. In near-field scenarios, traditional far-
field approximations often fail to yield accurate results.
This necessitates a specialized approach to develop chan-
nel modeling and efficient radiating devices designed for
near-field applications. Such methodologies are essential for
advancing the next generation of antennas that can meet the
stringent requirements of near-field environments in various
applications, including near-field communications, imaging,
and sensing. This special section explores innovative tech-
niques for the analysis, design, and modeling of antennas and
propagating channels that are specifically tailored for near-
field sensing and next-generation communication systems.

The special section starts with a series of articles analyzing
the communication channels between radiating devices and
apertures in the near field to maximize power transfer and
data rates. Lewis et al. [Al] proposed a design frame-
work based on multimodal network theory to maximize
power coupling between two arbitrary aperture antennas. The
channel coupling between the apertures is modeled using
a multimodal two-port impedance matrix. The concept of
simultaneous conjugate matching is applied to derive the
termination impedance matrices that achieve a simultane-
ous Hermitian impedance match at both aperture ports. An
eigenvalue problem is solved to derive optimal modal current
excitation vectors on the transmit aperture, thereby defining
independent eigenchannels between the transmit and receive
apertures.

A systematic analysis is proposed in [A2] to analyze
near-field links using non-diffractive Bessel beams. Compact
launchers based on a resonant cavity and a partially open
radial waveguide are considered for the link. Ray-optics
interpretations and leaky-wave analysis are used to provide
qualitative and quantitative design rules for selecting the size
and type of emitting and receiving devices. In particular, it
is shown that the link efficiency increases dramatically when
different sizes and types of radiating devices are selected for
a given link.

Plug et al. [A3] presented a design methodology for high-
capacity line-of-sight communication arrays in the radiative
near-field region. The study demonstrates that using radiating

devices with an equivalent aperture current distribution char-
acterized by a prolate spheroidal wave function in amplitude
and a quadratic phase focusing term, yields noise-limited
independent data streams. This approach achieves a maximal
average signal-to-noise interference ratio across a specified
communication range. The findings are validated through a
wireless link utilizing 2 x 2 arrays operating at 270 GHz,
paired with 61p-diameter leaky-wave lenses.

Ozturk et al. [A4] presented a systematic over-the-air
characterization methodology for short-range, high-data-
rate millimeter-wave in-band full-duplex communication
channels. The work investigates how antenna radiation char-
acteristics and relative positioning influence the channel
response. An automated measurement setup is devel-
oped to characterize those short-range channels using two
types of antennas: endfire mode Yagui-Uda antennas and
broadside mode Tightly Coupled Dipole Array antennas
operating within the 57-64 GHz band. Extensive mea-
surements are reported as channel heatmaps and include
analyses of transmission levels, RMS delay spread, and self-
interference, providing insights for antenna selection in short-
range millimeter-wave in-band full-duplex communication
links.

Smart Electromagnetic Skins are introduced in [A5] to
enhance millimeter-wave communication in realistic indoor
environments and mitigate static near-field blind spots.
The work presents the design and implementation of two
metasurface-based antennas: a high-gain directive antenna
emulating a base station and a metasurface to extend cov-
erage. The Smart Electromagnetic Skin is designed using a
synthesis process that accounts for practical implementation
constraints, including a cost-efficient single-layer patch topol-
ogy with limited phased range and the actual field distribution
produced by the base station. The concept is experimen-
tally validated through radiated-field measurements and an
end-to-end communication link using a complete RF chain
and software-defined radio devices, demonstrating reliable
near-field millimeter-wave communications and effective
blind-spot mitigation.

The work [A6] presented a method for synthesizing
focused and curved electromagnetic beams in the near-
field region for microwave and millimeter-wave applications.
The approach is based on ray-caustic theory, in which the
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desired beam trajectory is defined by a target caustic curve
that enables spatial control of the field distribution along
arbitrarily shaped paths. Compared with conventional tech-
niques that rely on non-diffractive beams, the method offers
greater flexibility in beam shaping and near-field confine-
ment. The concept is validated through analytical modeling,
full-wave simulations, and a prototype based on a slot
array.

A wearable ultra-wideband antenna intended for wire-
less power transmission applications is presented in [A7].
The antenna operates at 3.11 GHz and achieves a realized
gain of 6.35 dBi with a fractional bandwidth of 69.93%.
Its performance is evaluated both in free space and on a
human skeletal muscle tissue phantom to assess realistic on-
body operation. Near-field transmission measurements show
a maximum power transfer efficiency of 66.3% at a transfer
distance of 0.31. In addition, specific absorption rate analysis
confirms that the proposed design satisfies safety require-
ments, demonstrating its suitability for wearable wireless
power transfer systems.

Carnicero et al. [A8] presented the design, fabrication, and
experimental validation of a near-field magnetic RFID system
for the detection of ultraminiature chipless tags operating
in the UHF band. The proposed system comprises four
subwavelength chipless tags based on LC resonators with
octagonal loop antennas and floating capacitors, together with
a frequency-reconfigurable segmented loop reader antenna
operating between 1.14 and 1.50 GHz. To determine the
maximum detection distance, a backend detection approach
based on the Frequency Sweep Envelope method is applied to
the phase derivative of both the reflection coefficient and the
input impedance measured at the reader. The results show that
using the derivative of the input impedance phase enhances
sensitivity to the small perturbations introduced by the tags,
enabling improved detection performance.

Finally, [A9] investigates the use of one-dimensional bi-
directionally fed frequency-scanning leaky-wave antennas
for proximity sensing applications. By exciting a microstrip
leaky-wave antenna from two opposite ports, a frequency-
dependent near-field focused radiation pattern is generated,
enabling frequency-diverse sensing in the Fresnel region of
the antenna. A half-width microstrip leaky-wave antenna
with a length of 350 mm is designed to operate around the
5.5 GHz band, and its capability to synthesize near-field
focusing patterns over the 5.18-5.72 GHz range is demon-
strated both theoretically and experimentally. The work
further shows the feasibility of sensing objects within a
50 x 50 cm region surrounding the antenna aperture.

The guest editors would like to express their sincere
gratitude to all authors for their outstanding contributions
and to the many anonymous reviewers for their valuable
feedback. We also appreciate the continuous support from
the OJAP staff and the Editor-in-Chief. We hope you enjoy
reading this special section and that it inspires further inno-
vation in near-field antenna systems for communications and
sensing.
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