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Implantable and wearable electronic devices can improve
the quality of life as well as the life expectancy of many
chronically ill patients, provided that certain biological signs
can be accurately monitored. Thanks to advancements in
packaging and nanofabrication, it is now possible to embed
various microelectronic and micromechanical sensors such
as gyroscopes, accelerometers, and image sensors into a
small area on a flexible substrate and at a relatively low
cost. Furthermore, these devices have been integrated with
wireless communication technologies to enable the transmis-
sion of both signals and energy. However, to ensure that
these devices can truly improve a patient’s quality of life,
new preventative, diagnostic, and therapeutic devices that
can provide hassle-free, long-term, continuous monitoring
will need to be developed, which must rely on novel energy
harvesting solutions that are non-obstructive to its wearer.
So far, research in the field has focused on materials, new
processing techniques, and one-off devices. However, exist-
ing progress is not sufficient for future electronic devices
to be useful in any new application, and a great demand
exists toward scaling up the research toward circuits and
systems. Few interesting developments in this direction indi-
cate that special attention should be given toward the design,
simulation, and modeling of energy harvesting techniques
while keeping system integration and power management in
consideration.

This Special Section includes contributions from leading
experts from both academia and industry. We believe that
novel approaches toward devices, circuits, and systems will
allow readers to identify the requirements, challenges, and
future directions related to the field of energy harvesting
for future wearable and implantable devices. In particular,
this Special Section aims to report the latest advancements
and future trends of key techniques and frameworks enabling
optimal harvesting, storage, and use of energy from the envi-
ronment or the human body while considering the technical
constraints and the uncertainties involved. Hence, this Special
Section will be useful for a broad audience of people working
in different domains.

A total of 56 articles were submitted to the Special
Section and 20 were accepted for publication. We will
briefly describe each of these articles and discuss how

they are linked to the general theme of the Special
Section.

In the article ‘‘Prediction of harvestable energy for self-
powered wearable healthcare devices: Filling a gap,’’ by
Wahba et al., the authors discuss various machine learning
algorithms that can be used to predict the amount of har-
vestable energy from sources such as solar, mechanical, and
electromagnetic radiation. This becomes crucially important
as wearable devices are expected to effectively manage their
own energy resources.

Moreover, the article by Abdul-Aziz et al., ‘‘High perfor-
mance supercapacitor based on laser induced graphene for
wearable devices,’’ describes using a CO2 laser for fabri-
cating supercapacitor electrodes. The authors demonstrated
excellent device stability and high capacitance in comparison
to previously fabricated graphene supercapacitors.

The article by Jinwei et al., ‘‘Simulation of crystalline sil-
icon photovoltaic cells for wearable applications,’’ describes
the authors’ approach in comparing the current-voltage
results from seven different commercial and free simulations
tools for predicting the performance of solar cells for wear-
able applications. According to their investigations, the non-
commercial PC3D software program produces results that
agree with previously published experimental data. These
findings are useful for researchers interested in optimising the
performance of solar energy harvesters.

In addition to cutting-edge disciplinary research, our Spe-
cial Section includes pedagogical articles in the area of
wearable and implantable devices. For example, in the arti-
cle ‘‘Implantable and wearable neuroengineering education:
A review of postgraduate programs,’’ by Ghannam et al.,
the authors describe the essential components of an
educational program for neuroengineers aiming to develop
next-generation wearable and implantable devices for neuro-
logical applications. A survey of postgraduate programs was
presented, with institutions from North America and Europe
leading the development of such programs.

Similarly, another pedagogical article was included in our
Special Section by Fan et al., ‘‘Teaching embedded systems
for energy harvesting applications: A comparison of teaching
methods adopted in UESTC and KTH,’’ which describes
student experiences in applying active learning techniques
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during the teaching of an embedded systems course for
energy-harvesting applications.

Furthermore, in the article by Li et al., ‘‘MSP-MFCC:
Energy-efficient MFCC feature extraction method with
mixed-signal processing architecture for wearable speech
recognition applications,’’ the authors discuss a novel,
energy-saving mixed-signal processing architecture that is
optimized for speech recognition on wearable applications.

The article by Tafekirt et al., ‘‘A sensitive triple-
band rectifier for energy harvesting applications,’’ describes
an innovative power rectifier that is capable of effi-
ciently harvesting energy from three RF bands: GSM-900,
GSM-1800, and WiFi-2450. The rectifier demonstrated
high efficiency, low power consumption, and good power
sensitivity.

As for the article by Wagih et al., ‘‘Real-world perfor-
mance of sub-1 GHz and 2.4 GHz textile antennas for
RF-powered body area networks,’’ the authors demonstrate
a wearable, textile-based antenna for harvesting energy from
realistic directional or omnidirectional transmitters.

In addition to harvesting RF power, Bing et al. demon-
strate simultaneous wireless and information power transfer
(SWIPT) using the hybridized power time splitting relay
protocol in the article entitled ‘‘Transceiver design for SWIPT
MIMO relay systems with hybridized power-time splitting-
based relaying protocol.’’

Keepingwith the concept of RF energy harvesting, the Spe-
cial Section included contributions from Ding et al. on
‘‘Implantable wireless transmission rectenna system for
biomedical wireless applications,’’ where the performance of
a novel circular antenna and rectifying circuit were experi-
mentally demonstrated. The system was designed to operate
at the 915 MHz ISM band.

Another RF power design that was experimentally
demonstrated by Qian et al. proposed a compact and
low-power wireless modulator to directly encode input
RF signals onto its oscillation carrier wave. The article
entitled ‘‘Wireless powered encoding and broadcasting of
frequency modulated detection signals’’ discusses a novel
circuit that can simultaneously detect, encode, and broadcast
locally acquired MR signals using tiny amounts of wireless
power.

In the article by Kawar et al., ‘‘An input power-aware
efficiency tracking technique with discontinuous charging
for energy harvesting applications,’’ the authors proposed a
discontinuous charging technique that maximizes the power
conversion efficiency according to the power sensed at the
input.

Furthermore, the article by Qian et al., ‘‘Wireless recon-
figurable RF detector array for focal and multiregional sig-
nal enhancement,’’ demonstrates how wirelessly amplified
NMR detectors (WAND) can use wirelessly pumped power
to amplify MRI signals.

In terms of energy conversion, the article entitled
‘‘A highly reliable SIMO converter using hybrid starter
and overcharging protector for energy harvesting systems,’’

by Jung et al. proposes a single inductor multi-output (SIMO)
converter that delivers a stable system supply voltage for
energy harvesting applications that require high reliability.

Moreover, two articles on electromagnetic energy har-
vesting were included in the Special Section. First, in the
article by Liu et al., ‘‘Design and research on a nonlinear
2DOF electromagnetic energy harvester with velocity ampli-
fication,’’ a novel two degree of freedom vibration-based
energy harvester was proposed. An experimental prototype
to verify the simulation results was also demonstrated. Their
design delivered 10.18 mW of power at a frequency of 8 Hz.
Furthermore, the article by Digregorio et al., entitled
‘‘Modeling and experimental characterization of an electro-
magnetic energy harvester for wearable and biomedical appli-
cations,’’ demonstrates an electromagnetic energy harvester
capable of scavenging energy from low-g acceleration as
well as slow movements, which is ideal for wearable and
implantable applications involving random or unpredictable
movements.

In the article by Cen et al., entitled ‘‘Design of capaci-
tor array in 16-Bit ultra-high precision SAR ADC for the
wearable electronics application,’’ the authors demonstrate
a 16-bit 6-channel high-voltage successive approxi-
mation register for wearable devices requiring high
accuracy.

Similarly, in ‘‘High-precision adaptive slope compensa-
tion circuit for DC-DC converter in wearable devices,’’
Fan et al. demonstrate a 96% precision adaptive slope com-
pensation circuit for dc–dc converters in wearable devices,
which was demonstrated using the virtuoso spectre circuit
simulator.

Moreover, following soaring interest in flexible and
polymer-based wearable devices, the review article by
Ying et al., entitled ‘‘Device based on polymer Schottky
junctions and their applications: A review,’’ summarizes the
latest trends in polymer-based Schottky junctions for appli-
cations that include photodetectors, gas sensors, and energy
harvesters.

Finally, the article ‘‘Inertial kinetic energy harvesters for
wearables: The benefits of energy harvesting at the foot,’’ by
Beach and Casson, compares the amount of power that can be
harvested from four different body locations, which are the
wrist, hip, ankle, and foot. In comparison to these locations,
the highest amount of power can be harvested from the foot.
Moreover, it is the least sensitive location for changes in
the frequency of walking rate. These promising results are
an important step toward achieving fully autonomous and
batteryless wearable devices.

In conclusion, we would like to thank all the authors
who submitted their research articles to our Special Section.
We highly appreciate the contributions of the reviewers for
their constructive comments and suggestions. We also would
like to acknowledge the guidance from IEEE ACCESS Editor-
in-Chief and staff members. The Guest Editors hope that this
Special Section will benefit the scientific community and
contribute to the knowledge base.
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