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Abstract: Sensors, wearables, wireless networks, and other Internet of Things technologies are ever more
present in our daily life. We study their applicability and use in biofeedback systems and applications in sport.
Biofeedback systems are important in motor learning where a person in the loop uses the feedback information to
influence the execution performance. Sensors, actuators, and wireless technologies come in great varieties
regarding their properties. We describe the most common groups of sensors and actuators that are used in sport
and list the most widespread and easily available wireless technologies. We present the most important
constraints of a biofeedback system operation and define a number of fundamental architectures of biofeedback
systems. Taking into account all of the above, we present a number of different biofeedback application scenarios
in sports. We match the scenarios to the most appropriate existing wireless technology that is expected to sustain
scalability in the number of nodes or increased data rates for the expected application lifetime. We find out that
currently none of the existing wireless technologies can satisfy the variety of demands of different biofeedback
application scenarios.

Index Terms: biofeedback systems; wireless technologies; wearable sensors; embedded devices; Internet of
Things; distributed applications

1 INTRODUCTION

A great number of researchers are putting their efforts into research connected to the Internet of
Things (loT) — a field of research with great prospects and plans for the future. loT is present in
systems of all scales; from large systems such as smart energy and smart city, medium sized systems
such as industry automation and smart home, to small sized systems such as connected car and
smart wearables. lIoT can offer benefits also to more traditional areas, such as agriculture, and
healthcare [1]. 10T can also help with promoting and enabling the concept of smart and connected
communities [2].

We are particularly interested in the role of 0T in human wellbeing, which includes, but is not limited
to healthcare, rehabilitation, recreation, and sports. Sport and recreation are identified as some of the
most rapidly growing areas of personal and consumer Internet of Things applications [3]. Smart
devices or smart wearables such as wrist band activity trackers, heart rate monitors, motion tracking
devices, and others are penetrating our daily life; they are readily available, affordable, and fast
growing in numbers, and spatial density. The practical use of such embedded devices heavily
depends on the development of wireless and sensor technology, corresponding applications, and a
close cooperation with sports experts.

This paper studies the possible use of embedded devices and (distributed) mobile applications in
recreational and professional sports. We try to make a leap from toys and gadgets that mostly offer
approximate, statistically based, activity and biometric measurements, to devices, tools, and
applications that would offer precise and timely information for motor skill or training improvement.
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