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Abstract

Single-wire transmission lines (SWTLs) were recently pro-
posed as an enabler of low-loss conformable on-body links,
and demonstrated up to mmWave bands. However, as struc-
tures with high spurious radiation, they show potential for
dual-mode on/off-body operation, but have not been ex-
plored for this purpose. Herein, the off-body transmis-
sion parameters of wearable textile-based SWTLs are pre-
sented for the first time, demonstrating their ability to si-
multaneously operation in on/off-body links. Across all
tested on-body links, line-of-sight (LOS) and non-line-of-
sight (NLOS), the SWTL presents a 10 to 40 dB chan-
nel gain enhancement compared to on-body dipoles up to
4 GHz, while retaining its broadband off-body radiation.
The results further highlight the benefits of realising quasi-
wireless networks based on broadband SWTLs.

1 Introduction

Body area networks (BANs) are widely seen as an enabling
platform for novel healthcare and consumer applications
[1]. Connecting multiple on-body wearables unlocks new
data from both wearable and implantable devices, transfor-
mative to diagnostics and bio-technology [2]. In their ear-
lier implementations, BANs were presented based on ra-
diative far-field propagation [3], prone to high losses from
tissue absorption and spherical spreading losses.

Recently, hybrid BANs based on “quasi-wireless” ap-
proaches gained significant interest, demonstrating perfor-
mance improvement over relying entirely on wireless prop-
agation [4–8]. Spoof surface plasmons, a class of metama-
terials widely considered for microwave transmission [9],
were implemented on textiles by Tian et al., showing how
guiding Bluetooth signals around the body at 2.4 GHz sig-
nificantly improves the links beyond wireless propagation
and microstrip lines [4]. Magneto-inductive waveguides,
tuned for operation in the 13.56 MHz NFC band, were later
proposed for simultaneous on-body wireless information
and power transfer [6]. These approaches were limited to
narrow-band applications, leading to single-wire transmis-
sion lines (SWTLs), commonly known as Goubau lines,
being proposed for broadband on-body UHF to mmWave
links, demonstrating channel gain improvements beyond
state-of-the-art across all bands [8]. Nevertheless, Goubau

Figure 1. The operation principle of the SWTL and an il-
lustration of the benefits over unconnected antennas: (a)
simulated E-field plots showing the surface wave vs. free-
space propagation; (b) simulated path gain between body-
worn antennas using monopoles and the SWTL.

lines or SWTLs suffer from high radiation losses, and do
not offer sufficient confinement, leading to undesirably-
high coupling being reported in mmWave bands [10].

In this paper, an experimental measurement campaign com-
pares the off-body response, of SWTLs, for the first time to
radiative BANs. Both the magnitude and phase parameters
of the link are investigated, with the performance in both
line-of-sight (LoS) and non-line-of-sight (NLoS) evaluated
and contrasted to on-body dipoles, further evidencing the
suitability of SWTLs and surface wave links for connecting
on-body BANs.

2 On-Body Surface Wave Network

The operation mechanism and motivation behind using a
surface-wave SWTL is illustrated in Fig. 1. The electric
E-field plots in Fig. 1(a) show how the propagation losses,
spherical spreading and absorption in the tissue, are reduced
using the surface-wave-guiding approach. In Fig. 1(c), sim-
ulated S21 responses of an SWTL and two standard disc
monopoles [11], in a 45 cm over a thick skin layer.

To explore the radiative losses and propagation response in
LOS and NLOS environments, the setup shown in Fig. 2




