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Abstract—We became interested in the demands of the
sensor systems and feedback applications in volleyball
training. Besides the professional optical tracking systems,
we propose a much less expensive sensor system, suitable for
basic temporal motion analysis in volleyball. The main goal
of our research is finding a simple, but sufficient sensor
setup that would provide enough information about the key
temporal indicators and parameters in different basic
volleyball skills. The paper also presents the first field test
results. A motion specific custom applications can provide a
very useful supplemental feedback information to the coach
in real-time and for later analysis.
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I INTRODUCTION

In the last decade, information and communication
technologies (ICT) have penetrated al areas of human
activities. A very large research area is connected to the
measurement of various parameters in  various
environments. With the help of a plethora of sensors, we
detect different parameters and create information-related
environments: from smart cities, smart buildings, smart
homes, smart cars to smart suits. Physically, the closest to
humans are sensory systems for detecting movement
activity that can be used for the purpose of scientific
research and applications in physical rehabilitation, in
recreational sports, and in professional sports. There are
many commercia applications for motion monitoring that
use dedicated wearable sensors and sensors that are
embedded in smartphones or smart watches.

For research in the field of biomechanicsin elite sports,
the most accurate are universal professional optical
motion tracking systems (Vicon, OptiTrack, Qualisys,
etc.). In addition to the above mentioned, inertial motion
capture systems (Xsens, STT systems, Shadow, etc.) are
aso used. Inertial sensors are less precise than optical
systems, but they can be used in open space with
unlimited capture area. In the last ten years, there have
been many studies in which IMU sensors were used to
analyze motion in sports [1], [2]. Most volleyball
movement studies [3-14] relate to jump height
measurements using IMU sensors, video cameras, force
plates, and opticdl measurement systems. In [15] a
volleyball spike skill assessment method using a single
IMU sensor is proposed, and an Al system is capable to
classify between three basic groups of players (elite, sub-
elite and amateur) with 94% accuracy.
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When measuring in professional sport, it is necessary to
use measurement equipment that does not hinder the
athlete and can be prepared for operation in a very short
time. This is particularly important for measurements that
are more often exercised to control physical fitness during
training. The complexity of the measuring system can be
greatly reduced, if the scope of the observed motion
parameters is limited to the most relevant, sport-specific
parameters selected. In doing so, it is necessary to use
various sensor technologies and ensure accurate
synchronization of all sensor signalsin time. For example,
in a heterogeneous measuring system with a plurality of
measurement channels, physiological parameters sensors,
IMU sensors, force sensors, pressure sensors, and fast HD
cameras can be used at the same time.

The main goa of our research is finding a simple but
sufficient sensor setup that would provide enough
information about the key tempora indicators and
parameters in different basic volleyball skills. The paper
also presents the first field test results. A motion specific
custom applications can provide very useful supplemental
feedback information to the coach in real-time and for
later analysis.

II.  MOTIVATION

Synergetic use of sensing, communication, and
computing technology, should be utilized in sports
without obstructing or distracting athletes during the
performed action. The main goal of our research isfinding
a smple, but sufficient sensor setup that would provide
enough information about temporal indicators and
parameters of basic volleyball actions: jump serve, attack
action and block action. For accurate movement
measurements in sport, professional optical motion
tracking systems are most often used. Such systems use a
large number of high-speed cameras to detect reflective
markers that are attached to the body of the athlete and
sports equipment. Although these systems are very
accurate, their main disadvantage is the time consuming
and demanding process of setting and calibration; a lot of
problems in this process are related to the elimination of
the unwanted light sources and reflections in the room.
The first objective of our research was to design a
measurement system, which can be quickly applied in
practice without demanding calibration procedures. The
main purpose of the research is the implementation of a
support system for assisting professiona volleyball
coaches.
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Figure 3. A series of stages and events during the performance of a volleyball jump serve. From right to left: throwing the ball, accelerated steps
to the line, vertical jump, ball hit, and landing.

Il1.  RESEARCH QUESTIONS

We became interested in the research question about the
usability of sensor systems and feedback applications in
volleyball training. Detailed information on the timing of
events is important in the analysis of the repeatability and
regularity of complex movements as shown in Fig. 1.
These data are usually not fully obtainable on the basis of
video analysis. For this purpose, we can use a professional
optical motion tracking system. Our research question is
related to checking the suitability of a much less
complicated sensing system, which primarily detects the
times of key events in the implementation of a complex
movement. Simplification of the measurement system can
be achieved by adapting to the specificity of the
movement activity. For this purpose, we have to use a
non-universal measurement system, which is specialy
adapted to specific movements in the chosen sports
discipline.

IV. METHODOLOGY

In the design of a sensor system, which detects the
timing of key events in performing various volleyball
activities (service, attack and block), we use force pressure
sensors and MEMS inertial motion sensors. We also
developed a specialy tailored shoe insert, which detects
different types of foot loads through the four-point sensing
of the force pressure on the sole, see Fig. 2. With this
sensor, we can accurately measure the time in the
sequence of steps before the flight, and also the fly time
where all foot sensors are unloaded. The approximation of
the jump height, measured to the body center of gravity,
can be calculated directly from the flight time, with
additional consideration of the heel lift offset.

Fig. 2 shows the arrangement of the sensors and the
composition of the insole, which can be easily inserted
into the sports shoes. Each insole is connected with the
cable to the processing device that is attached to the belt.
In the prototype measurement system, we aso used two
identical motion sensors. The first motion sensor is
installed in a device that is attached to the belt and gives

Figure 2.. Sensors for measuring the pressure distribution of the foot: a) arrangement of the sensors, b) composition of theinsole, c) wired
connections of the pressure sensors in shoes and sensor on a alove to the processor and communication device, which is attached to the belt.
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Figure 3. (a) The moments of ball throw (BT) and impact (t = 0) are detected by a gyroscope. (b) The flight time is measured from the total sole
pressure signal. Left (c) and right (d) foot pressure distributions during the volleyball jump serve; sensors placed at different positions on the sole
are marked with different colors: big toe = red, medial forefoot = blue, lateral forefoot = magenta, hill = green.

approximate data about the movement of the body's center
of gravity. The second motion sensor is attached to the
glove on the dorsal side of the hand and is intended to
detect the moment of throwing the ball at the start of the
jump serve and to detect the moment of the ball hit
(impact) during the jump phase. All the data of the above-
mentioned sensors are synchronized in the loca
processing unit, which transmits this data via the Wi-Fi
communication interface to the LabVIEW application that
runs on a personal computer. The application is designed
to capture, store, and anayze data. Algorithms for sensor
signa processing as well as agorithms for detecting the
occurrence of individual maotion phases and analyzing the
times between individual phases of motion are developed
and implemented in LabVIEW.

V.  SOLUTION/DISCUSSION

The operation of the sensor system and the application
for timing analysis in volleyball movement was first
checked on the jump serve movement. Fig. 1 shows the
basic stages in performing the correct sequence of player
moves and Fig. 3. shows the time responses of the
processed sensor signals during the volleyball jump serve.
From the timing of the acquired sensor signals, it is
possible to identify key events and measure the duration
of each phase. We can gain relevant timestamps before
and after the ball hit (impact). For example, the time of the
ball throw, the consecutive times of maxima loads in

different segments on the left and right foot soles, and the
total flight time of the player. The application also enables
adtatistical analysis of repeated similar movements; based
on these results, we can obtain information on the
movement consi stency.

VI. CONCLUSION

After completing the first phase of the research, we
have established that the configuration of the prototype
sensor measuring system is suitable for practical use in
volleyball training. Small adjustments will be needed to
simplify the physical attachment of sensors inside the
sports shoes and to the body of the athlete. The application
for the acquisition and analysis of sensor signals alows
obtaining specific time parameters when performing
volleyball serve. Based on the obtained data, it is already
possible to accurately estimate the speed of the
implementation of the individual phases, the timing of the
ball impact and the height of the jump. All parameters are
obtained with a minimum delay and therefore provide
concurrent feedback to the trainer. In the continuation of
our research, we will expand the application to analyze all
the main elements of the volleyball game (serve, block,
attack). In co-operation with volleyball trainers, we will
customize the application-to-coach interface; we will
rearrange the feedback modes and the selection of most-
relevant feedback parameters.
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