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Figure 1 (Color online) Schematic of the radar localization method
with receive-transmit integration characteristics based on information
metasurface antenna
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Figure 2 (Color online) Metasurface antenna prototype and radiation characteristics test results. (a) Metasurface antenna prototype. (b) Far-field

radiation pattern. (c) Reflection coefficient after integrating circulator
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Figure 3 (Color online) Target detection principle based on the
metasurface antenna with receive-transmit integration characteristics
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Figure 4 (Color online) Experimental platform of the proposed
positioning system
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Figure 5 (Color online) Schematic diagram of the positioning process
of the sensing and positioning system
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Figure 6 (Color online) Transmitting and receiving LFM signals. (a)
Time-domain waveform of the transmitting signal. (b) Time-frequency
diagram of the transmitting signal. (c) Time-domain waveform of the
receiving signal. (d) Time-frequency diagram of the receiving signal
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Figure 7 (Color online) Reflected echo wave intensity received by the
positioning system. (a) Environmental reflection. (b) Target detection at
0°. (c) Target detection at +15°. (d) Target detection at +45°
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Metasurface-assisted wireless localization method for
intelligent sensing

Huiming Yao, Baiying Taishi, Jiaxin Li, Kai Huang, Jianchun Xu" & Ke Bi"

State Key Laboratory of Information Photonics and Optical Communications, School of Physical Science and Technology, Beijing University of Posts
and Telecommunications, Beijing 100876, China
* Corresponding authors, E-mail: jianchun xu@bupt.edu.cn; bike@bupt.edu.cn

Electromagnetic intelligent sensing, as a contactless and non-invasive sensing paradigm, has been widely applied in diverse fields
such as intelligent home, autonomous driving, and smart surveillance. Currently, most intelligent sensing systems rely on massive
antenna arrays, which suffer from high cost, low energy efficiency, and limited portability due to their complex hardware
architectures and sophisticated control algorithms. Information metasurface, with low cost, minimal loss, and rapid
reconfigurability, has emerged as a promising alternative, offering dynamic control over amplitude, phase, and polarization of
electromagnetic waves through integrated tunable elements and field-programmable gate array. However, conventional
metasurface-based sensing systems still require additional electromagnetic components such as feed horns, receiving antennas,
and power sensors, which fundamentally limit their miniaturization and working performance. Consequently, there is an urgent
need to develop novel sensing and localization methods that simultaneously satisfy the requirements of low cost, low power
consumption, and high integration characteristics.

In this study, an innovative radar localization method with receive-transmit integration characteristics is proposed by utilizing a
programmable information metasurface antenna, to address the critical limitations of the dependence on external excitation
sources and receiving antennas. The proposed metasurface employs a planar array antenna as the excitation source, maintaining
the desirable characteristics of low profile, minimal loss, and high gain performance, and can achieve dynamic dual-beam
scanning within a 60° range by controlling PIN diode states. Based on the reciprocity theory, a receive-transmit integration design
of metasurface antenna is realized by incorporating a high-isolation circulator. This design remains the original radiation
performance while effectively eliminating signal interference between transmission and reception channels in single-path
operation. Furthermore, to mitigate the adverse effects of spatial phase superposition between transmitted and reflected waves, a
linear frequency modulation (LFM) signal with time-varying frequency characteristics is introduced as the system excitation.
According to the antenna’s —30 dB bandwidth, the designed LFM waveform features 50 kHz bandwidth and 0.25 ms pulse width,
significantly enhancing the signal-to-noise ratio and detectability of reflected waves. Leveraging the integrated metasurface
antenna design, a radar receive-transmit integration system is constructed for target localization. During operation, the high and
low signal levels in the current scenario are continuously monitored and their fluctuation characteristics are calculated relative to
the environmental baselines, which are established by collecting reflected waves in target-free environments. Through the
threshold detection algorithm, the target is identified when the signal variation at specific orientation surpasses the predetermined
threshold value. To evaluate the localization accuracy of the proposed system, experimental validation is performed by detecting
moving human subjects within a 3 m range. The metasurface antenna employs five distinct coding schemes to generate spatially
scanning beams at 0°, £15°, £30°, £45°, and +60°. Experimental results demonstrate that the system achieves observable signal
intensity variations exceeding 0.02 at a 3 m detection range with 15° angular resolution. Furthermore, by using the minimum
signal variation amplitude at each angle as the detection threshold, real-time target monitoring within £60° can be achieved by
loading dynamic coding sequences.

In summary, this work presents a localization system with low cost, low power consumption, and receive-transmit integration
characteristics by integrating programmable metasurface antenna with high-isolation circulator and utilizing LFM signal. This
design provides a novel approach for developing compact high-performance sensing systems, exhibiting significant potential in
diverse applications such as smart home automation, healthcare monitoring, and autonomous driving.
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