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ABSTRACT

Wearable devices have the potential to transform multiple
facets of human life, including healthcare, activity monitor-
ing, and interaction with computers. However, a number of
technical and adaptation challenges hinder the widespread
and daily usage of wearable devices. Recent research efforts
have focused on identifying these challenges and solving
them such that the potential of wearable devices can be
realized.

This monograph starts with a survey of the recent liter-
ature on the challenges faced by wearable devices. Then,
it discusses potential solutions to each of the challenges.
We start with the primary application areas that provide
value to the users of wearable devices. We then present re-
cent work on the design of physically flexible and bendable

Ganapati Bhat, Ujjwal Gupta, Yigit Tuncel, Fatih Karabacak, Sule Ozev and Umit
Y. Ogras (2020), “Self-Powered Wearable IoT Devices for Health and Activity
Monitoring”, Foundations and Trends® in Electronic Design Automation: Vol. 13,
No. 3, pp 145-269. DOI: 110.1561/1000000056.
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devices that aim to improve user comfort. We also discuss
state-of-the-art energy harvesting and security solutions that
can improve user compliance of wearable devices. Overall,
this monograph aims to serve as a comprehensive resource
for challenges and solutions towards self-powered wearable
devices for health and activity monitoring.
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1

Introduction

About 15% of the world’s population lives with a disability according to
the annual world report on disability (World Health Organization, 2011).
Moreover, 100 to 190 million individuals face significant difficulties in
functioning. State-of-the-art methodologies for diagnosis, treatment,
and rehabilitation of this population rely on evaluations by medical
professionals in a clinical environment (Espay et al., 2016). Monitoring
their symptoms is not possible after the patient leaves the clinic due to
the lack of standard approaches (Espay et al., 2016). The quality of life
of this population can be improved significantly with the help of wearable
internet-of-things (IoT) devices that combine sensing, processing, and
wireless communication (Dimitrov, 2016; Hiremath et al., 2014).
Wearable sensors and mobile health applications are emerging as
attractive solutions to augment clinical treatment and enable telepathic
diagnostics (Daneault, 2018; Espay et al., 2016). The use of wearable
devices has been recently demonstrated for monitoring patients in a
free-living home environment (Lee et al., 2015). This capability allows
doctors to understand the progression of symptoms over time (Contreras
et al., 2016). Wearable devices have also shown promising results in the
diagnosis and management of many movement disorders. For instance,
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Figure 1.1: Organization of rest of the sections. The challenges and application
requirements determine the design needs. Design- and run-time approaches to address
these needs are presented in Sections 4 and 5, respectively, while security and privacy
are discussed in Section 6.

studies in Woods et al. (2014) and Pulliam et al. (2014) use wearable
sensors and machine learning algorithms to identify essential tremor
in patients. Wearable technology has also been widely used in the
diagnosis and treatment of Parkinson’s disease patients (Chomiak et al.,
2017; Zhang et al., 2018). Despite these promising results, practical
use of wearable sensors and devices is still largely limited to research
prototypes.

Recent research has studied the challenges that hinder the widespread
adoption of wearable devices despite their potential to improve health-
care (Espay et al., 2016; Ozanne et al., 2018). Addressing these chal-
lenges can transform existing pioneers and research prototypes into
mainstream wearable technology that routinely improve the quality of
life. To this end, this monograph is organized to analyze these challenges
and discuss potential solutions, as illustrated with related facets of the
system design problem in Figure 1.1.
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e Challenges: Recent studies show that users and technology de-
velopers face a variety of adaptation and technology challenges,
which obstruct broad acceptance of wearable devices (Ozanne
et al., 2018). Understanding these challenges can drive research ef-
fort towards effective and practical solutions. To this end, Section 2
discusses these challenges and potential solutions.

e Driver application areas: Driver applications and standard
hardware-software (HW-SW) platforms are needed to achieve
a scalable solution. They can demonstrate the value of wearable
devices and expedite their adoption (Espay et al., 2016). Hence,
they help build a large user base and stimulate demand for wear-
able solutions. At the same time, driver applications determine
the processing power, sensing, communication, and energy require-
ments. This data, then, can drive the design of hardware—software
platforms and energy management frameworks. Therefore, Sec-
tion 3 introduces potential high-impact application areas.

e Physically flexible and stretchable designs: User studies show that
conventional rigid devices are uncomfortable and awkward to wear
for long periods of time. Therefore, users prefer not to wear them
in public (Ozanne et al., 2018). Physically flexible and stretch-
able electronics offer a great potential for sensor-rich wearable
applications that can conform to the user’s body (Khan et al.,
2016a). Section 4 presents physically flexible design techniques and
overviews existing prototypes that can pave the way to commercial
devices.

e Powering wearable devices: One of the major limitations of wear-
able devices is the limited battery capacity that can be obtained
within a wearable form-factor. Therefore, small-form-factor wear-
able devices must operate under extreme energy constraints and
ideally sustain on their own energy. More specifically, self-powered
devices can harvest energy and optimally manage the available
energy to maximize its utilization (Bhat et al., 2017). To this end,
Section 5 presents energy harvesting and management techniques
for wearable devices.
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e Security and privacy for wearable devices: Security and privacy are
two leading concerns of the users of wearable health monitoring
devices (Ozanne et al., 2018). Most users do not feel comfortable
sending private data to the cloud for processing and storage. At
the same time, it is not possible to process the data and infer
clinical decisions locally without network connectivity. Therefore,
practical solutions must be secure and protect the privacy of their
users. Section 6 discusses these considerations and survey existing
solutions.
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