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Radiation safety analysis of metasurface antennas in underground space electromagnetic

environments
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*(State Key Laboratory of Millimeter Waves, Nanjing 210096, China)

*(School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

ABSTRACT To improve the quality of wireless communication in underground spaces, this study designs a
metasurface antenna based on a circular ring structure. The antenna operates in the 4.717—5.206 GHz frequency
band, with a bandwidth of 489 MHz and a peak gain of 9.7 dBi. The distributions of electric field strength and
received power for both the metasurface antenna and a conventional antenna are comparatively analyzed in above-
ground and underground environments. Furthermore, the electromagnetic exposure safety of the human body in
these environments is investigated. The results demonstrate that in above-ground environments, the metasurface
antenna increases the maximum electric field strength by 67% and the peak received power by 12.24 dBm, providing
broader coverage. In underground environments, it enhances the maximum electric field strength by 263.1% and the
peak received power by 11.62 dBm, leading to a more uniform signal distribution. The average signal coverage area
under specific thresholds is improved by 5.66% on the second above-ground floor and 9.25% on the second
underground floor, respectively. Additionally, under metasurface antenna radiation, the peak electric field strength on
the first underground floor reaches 3.254 V/m, where the maximum 10 g averaged Specific Absorption Rate (SAR)
for the human body is only 4.433x10° W/kg, far below the public exposure limits specified by the International
Commission on Non-lonizing Radiation Protection (ICNIRP). In summary, the proposed metasurface antenna
effectively overcomes the rapid attenuation of wireless signals in underground spaces, enhances communication
coverage, and ensures the safety of the electromagnetic environment, providing a new perspective for optimizing

wireless communication deployment in enclosed underground areas.

KEYWORDS Metasurface antenna, Underground space, Wireless communication signal coverage,
Electromagnetic environment safety, Electromagnetic exposure safety assessment
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Fig.1 Structure diagram of the metasurface antenna
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Table 1 Metasurface antenna structure dimensions
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Fig.2 Structure diagram of conventional patch antenna
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Fig.4 Gain comparison of two antennas: (a) conventional patch antenna; (b) metasurface antenna (color online)
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Fig.5 Experimental scenario model: (a) schematic diagram of an indoor communication scenario; (b) above-ground space structure
diagram; (c) underground space structure
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Fig.10 Received power distribution map of the second floor: (a) conventional antenna for above-ground space; (b) metasurface
antenna for above-ground space; (c) conventional antenna for underground space; (d) metasurface antenna for underground space
(color online)
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na limit
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Fig.12 Comparison of SAR distribution in the human torso under different scenarios: (a) conventional antenna for above-ground
space; (b) conventional antenna for underground space; (c) metasurface antenna for above-ground space; (d) metasurface antenna for
underground space

F3 4.9 GHzHE T AE SAR BKE5 ICNIRP BRIE K% L
Table 3 Comparison between maximum SAR values in the human body and ICNIRP limits at 4.9 GHz

AN it i Ho3g 5% SAR F KAH/(W-kg") ICNIRP FRIE/(W-kg")  BRAE/5 EAH

Antenna type Simulation scenario Maximum SAR ICNIRP limit Ratio (Limit/Simulation)
e GiRE o bk 7.092x1077 2.0 2.820x10°

Conventional antenna  First floor, above-ground

G R Ho Rk 8.274x107 2.0 2.417x10°

Conventional antenna  First floor, underground
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