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Abstract—Within the burgeoning 6G wireless network land-
scape, there is an intensified push toward achieving all-
encompassing accessibility through integrated solutions spanning
a multitude of mediums. Notwithstanding recent advancements,
the conventional relay-based communication paradigms grapple
with scalability and optimal performance issues. In this paper, we
introduce MeAnt, a versatile IoT platform uniquely architected
to foster seamless cross-medium communication by leveraging
the compact design of piezoelectric-based mechanical anten-
nas (Piezo-MAs). By capitalizing on the propagation attributes
of medium-frequency radios emitted from Piezo-MAs, MeAnt
promises communication across diverse environments such as
air, water, soil, concrete, and even biological tissue, all while
maintaining a compact antenna footprint. Moreover, in light of
challenges such as potential interference from AM broadcasts
and the intrinsic unidirectional nature of Piezo-MAs, we have
developed a finely crafted full-stack communication protocol.
Comprehensive tests underscore the system’s proficiency, demon-
strating a penetration depth of up to 10 m in cross-medium
environments and realizing a throughput of 8.9 kbps.

Index Terms—Mechanical Antenna, Cross-medium Communi-
cation, Wireless Sensor Networks.

I. INTRODUCTION

The forthcoming 6G wireless network aspires to attain
universal accessibility, ultra-high-speed connectivity, and low
latency to seamlessly integrate with the global Internet of Ev-
erything [1], [2]. This ambitious goal necessitates seamlessly
integrating networks across diverse mediums like space, air,
subterranean, in-body, and underwater. Nevertheless, establish-
ing a cross-medium network presents significant challenges

This work was supported by the National Natural Science Founda-
tion of China - Young Scientists Fund (NSFC62502342, NSFC62402336),
Special Fund for High-Quality Development in the Manufacturing Sec-
tor(25ZGZNGX00090).

Corresponding Authors: Lei Yang and Jingyu Tong.
Z. Gong and X. Liu are with School of Cyber Security, Tianjin University,

Tianjin, China. E-mail: {gongzheng,xiulong liu@tju.edu.cn}
Z. An, D. Dai, S. Long, and L. Yang are with the Department of Computing,

The Hong Kong Polytechnic University, Hong Kong SAR. E-mail: {an, dai,
young}@tagsys.org, shuijie.long@connect.polyu.hk.

J. Tong is with 6G Research Center, China Telecom Research Institute,
Guangzhou, China. E-mail: tong@tagsys.org.

X. Xie and K. Li are with School of Computer Science and Technology,
Tianjin University, Tianjin, China. E-mail:{xinxie,keqiu@tju.edu.cn}

B. Xiao is with Chongqing Key Laboratory of Image Cognition, School
of Artificial Intelligence, Chongqing University of Posts and Telecommu-
nications, Chongqing, China, and also with Jinan Inspur Data Technology
Company Ltd., Jinan 250101, China. E-mail: xiaobin@cqupt.edu.cn

H. Yao is with the State Key Laboratory of Networking and Switching
Technology, Beijing University of Posts and Telecommunications, Beijing,
China. E-mail: yaohaipeng@bupt.edu.cn

104 105 106 107 108 109
10

100

1000

3000

HF
3MHz - 30MHz

Frequency (Hz)

To
ta

l A
tte

nu
at

io
n 

(d
B)

LF
30KHz - 300KHz

MF
300KHz - 3MHz

20 m
50 m

100 m

VLF

VHF
30MHz - 300MHz

UHF

130 dB

Fig. 1: Attenuation of RF signals as a function of frequency. The receiver
is positioned above the water surface, whereas the transmitter is submerged
underwater at varying depths of 20, 50, and 100 m. The original data are
reformed from [8].

due to severe signal attenuation, asynchronous propagation
delay, unanticipated interference, and the requirement for
specialized hardware design.

In recent years, significant efforts have been made to achieve
cross-medium communications, addressing the necessity for
interconnection among various transmission environments. In
the following, we specifically examine air-to-water communi-
cation. Traditional approaches involve the deployment of relay
devices positioned at the interface and partially submerged
in water to facilitate communication. These relay devices
receive data from underwater sensors via acoustic links and
subsequently relay the information to a ground station using
radio signals [3], [4]. However, the vulnerability of such relay
devices to drift caused by sea waves necessitates frequent
repositioning, leading to increased costs and logistical com-
plexities, thereby limiting scalability. Recent solutions focus
on direct water-to-air wireless communication. For example,
TARF [5] exploits millimeter-wave sensing to detect water
surface displacements triggered by underwater acoustic vibra-
tions. AmphiLight [6] achieves notable data rates by directly
and bidirectionally employing laser light between aerial drones
and underwater robots. Shrimp [7] utilizes circularly polarized
light for cross-medium visible light communication. Despite
these innovative approaches, they still encountered limitations
related to range, data rate, cost, alignment, or environmental
conservation.

What prevents us from utilizing RF signals for cross-
medium communication without a relay? The water medium,
particularly salt water, exhibits high conductivity coupled with
an elevated dielectric constant. These characteristics contribute
to rapid attenuation of RF signals as they propagate through
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