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Abstract
One of the most popular types of personal health device is the activity monitor, which is
attached to the user’s wrist or waist in order to measure physical activity data such as
exercise time/duration and calorie consumption. Given that it has an activity sensor and a
gyro sensor to measure the speed of a user’s movement, an activity monitor can also be used
to track the movement of sporting equipment. The accelerator sensor in the activity monitor
used for this study can measure up to a certain level. When the activity monitor is attached to
a body part or slow-moving sporting equipment, the limit of the certain level is considered to
be enough to measure the activity data. However, the peak acceleration of fast-moving
sporting equipment may exceed the certain level. In this paper, in order to overcome the
limitations of the sensor, the peak acceleration of the fast-moving sporting equipment is
estimated using the interpolation method based on the acceleration values of the rest of the
movement. Furthermore, it also describes how to calculate a swing surface.
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1. Introduction
Due to the wide variety of PHDs (Personal Health Devices), the tasks related to PHD
management have become more complicated than ever. There are various PHDs being used in
the ubiquitous computing environment [1-5]. Some of the typical PHDs include oximeters,
blood pressure monitors, blood glucose meters, activity monitors, SpO2 Monitors, and
medication dispensers [6-14].
Given that it has an activity sensor and a gyro sensor to measure the speed of a user’s
movement, an activity monitor can also be used to track the movement of sporting equipment
[15-17]. The accelerator sensor in the activity monitor used for this study can measure up to
24G. When the activity monitor is attached to a body part or slow-moving sporting equipment,
the limit of 24G is considered to be enough to measure the activity data. However, the peak
acceleration of fast-moving sporting equipment may exceed 24G. In this paper, in order to
overcome the limitations of the sensor, the peak acceleration of the fast-moving sporting
equipment is estimated using the interpolation method based on the acceleration values of the
rest of the movement. Also, in order to provide various golf swing information, it is important
to obtain the swing surface closest to the real movement path of a swing. Using the swing
surface, it can be determined how accurately a swing has been made in this study.
The remainder of this paper is organized as follows. Section 2 discusses the related studies
and Section 3 discusses an interpolation scheme to overcome sensor’s monitoring limit.
Furthermore, it also describes how to calculate a swing surface. Section 4 draws conclusions
and discusses some future directions for research.
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2. Related Studies
Studies on tracing systems for moving objects using sensors in a PHD were conducted in
[15-17]. Tracing a moving object is the process of recording the movement of objects. In [16],
a handy system for tracing moving objects is proposed. The tracing sensors are attached to an
object in order to calculate motion data of the object. Then the motion data is sent to a
Smartphone or a PC using RF communication. The tracing system proposed in the paper can
be used outdoors as well as indoors inexpensively. The movement tracing system proposed
in the paper consists of a sensor module, a communication module and a display
module. Figure 1 shows the structure of the sensor module of the system.

Figure 1. The Structure of the Movement Tracing System
The sensor module measure 300 movement data for 3 seconds. Figure 2 shows an example
of the graph of the swing angle and the swing acceleration which can be obtained in the study.
Among gyro 3-axises, the y-axis (Acc_y) represents the vertical movement of the object [16].

Figure 2. A Graph of the Swing Acceleration
The tracing system in [16] provides the graph of the swing angle and the swing
acceleration of the moving objects. The tracing system in [16] provides the graph of the
swing angle and the swing acceleration of the moving objects. The accelerator sensor
used for this study can measure up to 24G (about 235). When the activity monitor is
attached to a body part (e.g., wrist or waist) or slow-moving sporting equipment, the
limit of 24G is considered to be enough to measure the activity data. However, the peak
acceleration of a golf swing may exceed 24G and the resulting graph may be incomplete.
In [17], a ubiquitous motion tracking system that tracks sporting equipment using the
sensors installed in an activity monitor is proposed and constructed. The activity
monitor with the tracking sensors can be attached to places on the body or on sports
equipment to calculate the speed and acceleration of these objects. The ubiquitous
motion tracking system consists of four modules: A tracking sensor module and
communication module in an activity monitor, a communication module in a USB
dongle and a motion analyzer module in a laptop PC, as shown in Figure 3. For
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experiments, an activity monitor with the tracking sensor module and the
communication module is attached to a golf club, and a golf swing is taken. The results
of the experiments show that the motion data of sporting equipment can be captured and
analyzed easily, in both an indoor and an outdoor environment.

Figure 3. Structure of the Ubiquitous Motion Tracking System
For the experiments in the study, an activity monitor installed with the tracking sensor
module and the communication module is attached to a golf club as shown in Figure 4, and a
golf swing is taken. The USB RF dongle module is attached to a laptop PC to receive the
movement information for the laptop PC, as shown in Figure 5.

Figure 4. Activity Monitor Attached to a Golf Club

Figure 5. A USB Dongle Attached to a Laptop PC
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3. Activity Tracking Analysis of the Activity Monitor
3.1. Swing Path Calculation
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Then, by using the Euler method (Wikipedia), the speed and position of the moving object
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We will assume that the initial speed and the initial orientation are as follows:
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3.2. Interpolation to Overcome Sensor’s Limit
The accelerator sensor used for this study can measure up to 24G (about 235). When the
activity monitor is attached to a body part (e.g., wrist or waist) or slow-moving sporting
equipment, the limit of 24G is considered to be enough to measure the activity data. However,
the peak acceleration of a golf swing may exceed 24G. In order to overcome the limitations of
the sensor, the peak acceleration of the golf swing is estimated using the interpolation method
based on the acceleration values of the rest of the swing. For the interpolation, the Bézier
curve [19] is used to obtain a smooth curve. As shown in Figure 6, the maximum acceleration
value the sensor used in this study is 65520. Let t be the time frame when the acceleration
value of the swing exceeds the measurement limit of the sensor (i.e., when the interpolation
begins) and t+k be the time frame in which the acceleration value of the swing comes down
under the measurement limit of the sensor (i.e., when the interpolation ends). Then, the
) (
)
(
). The cubic
acceleration values we have to calculate are (
Bézier control point can be obtained as follows:
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Finally, the interpolated acceleration value at time t can be obtained as follows:
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The final acceleration graph after the interpolation work is shown in Figure 7.

Figure 6. Acceleration Graph Before Interpolation

Figure 7. Acceleration Graph After Interpolation
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3.3. Calculation of a Swing Surface
In order to provide various golf swing information, it is important to obtain the swing
surface closest to the real movement path of a swing. Using the swing surface, it can be
determined how accurately a swing has been made. To do this, the moving path is analyzed
using the principal component analysis method [20] in order to obtain the basis vector as
follows:
()

( ) , where

Then a surface consisting of the starting point
follows:
()

()

( ) are constants.

and the basis

can be obtained as

()

Since the swing surface we have to find consists of points which are closest to the points
on the swing path, it remains for us to find the starting point and the basis that satisfy the
following equation:
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4. Experiment
The objects for which motion can be tracked include human body parts or sporting
equipment. For this experiment, the activity monitor is attached to a golf club to track the
movement of the golf swing, as done in [17]. The motion tracking display can be done by the
swing analyzer of the monitoring server. As shown in Figure 8, the display shows a view of a
golf swing. The swing lines are colored to show how fast the golf swing is at that time. The
faster the swing, the redder the segment of the line. The brightest red represents the fastest
swing.

Figure 8. Motion Tracking Display of a Golf Swing
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5. Conclusion
Given that it has an activity sensor and a gyro sensor to measure the speed of a user’s
movement, an activity monitor can also be used to track the movement of sporting
equipment. The accelerator sensor in the activity monitor used for this study can
measure up to 24G. When the activity monitor is attached to a body part or slowmoving sporting equipment, the limit of 24G is considered to be enough to measure the
activity data. However, the peak acceleration of fast-moving sporting equipment may
exceed 24G. In this paper, in order to overcome the limitations of the sensor, the peak
acceleration of the fast-moving sporting equipment is estimated using the interpolation
method based on the acceleration values of the rest of the movement.
In order to provide various golf swing information, it is important to obtain the swing
surface closest to the real movement path of a swing. Using the swing surface, it can be
determined how accurately a swing has been made in this study.

Acknowledgements
This research was supported by the Basic Science Research Program through the National Research
Foundation of Korea (NRF), funded by the Ministry of Education, Science and Technology (No. 2012013549).

References
[1] S. A. Alavian and J. D. Chimeh, “Mobile Systems Challenges in Next Generation Networks”, International
journal of Future Generation Communication and Networking, vol. 1, (2009), pp. 15-22.
[2] M. R. Lee and T. T. Chen, "Trends in Ubiquitous Multimedia Computing", International Journal of
Multimedia and Ubiquitous Engineering, vol. 4, pp. 115-124
[3] R. D. Caytiles and P. Sungwon, “u-Healthcare: The Next Healthcare Service Paradigm”, International Journal
of Bio-Science and Bio-Technology, vol. 4, no. 2, (2012), pp. 77-82
[4] S. W. Franklin and S. E. Rajan, “Personal Area Network for Biomedical Monitoring Systems Using Human
Body as a Transmission Medium”, International Journal of Bio-Science and Bio-Technology, vol. 2, no. 2,
(2012), pp. 23-28.
[5] B. -Y. Chang, “Ubiquitous Healthcare System Management based on Agent Platform with Application of
PLD”, International Journal of Bio-Science and Bio-Technology, vol. 4, no. 4, (2012), pp. 49-54.
[6] Health InformaticsPersonal Health Device Communication, (2008), IEEE Std. 11073-10404 Device
Specialization-Pulse Oximeter, http://standards.ieee.org.
[7] Health Informatics-Personal Health Device Communication, (2008), IEEE Std. 11073-10407 Device
Specialization-Blood Pressure Monitor, http://standards.ieee.org.
[8] Health Informatics-Personal Health Device Communication, (2008), IEEE Std. 11073-10417 Device
Specialization-Glucose Meter, http://standards.ieee.org.
[9] Health Informatics-Personal Health Device Communication, (2008), IEEE Std. 11073-10443 Device
Specialization-Physical Activity Monitor, http://standards.ieee.org.
[10] Health Informatics-Personal Health Device Communication, (2008), IEEE Std. 11073-10472 Device
Specialization-Medication Monitor, http://standards.ieee.org.
[11] Health Informatics-Personal Health Device Communication, (2008), IEEE Std. 11073-10417 Device
Specialization-Glucose Meter, http://standards.ieee.org.
[12] K. Park and J. Pak, “Implementation of a handheld compute engine for personal health devices”, International
Journal of Smart Home, vol. 6, (2012), pp. 59-64.
[13] J. Pak and K. Park, “UbiMMS: an ubiquitous medication monitoring system based on remote device
management methods”, Health Information Management Journal, vol. 41, no. 1, (2012), pp. 26-30.
[14] J. Pak and K. H. Park, “Advanced Pulse Oximetry System for Remote Monitoring and Management”, Journal
of Biomedicine and Biotechnology, vol. 2012, Article ID 930582, doi:10.1155/2012/930582 (2012), pp. 8.
[15] K. H. Park, “A Study of a Tracing System for a Moving Objects”, Bull, I.I.S. Keimyung University, vol. 35-2,
(2012) December.
[16] K. H. Park, S. Lim and J. H. Lee, “Construction of a System for Tracing Moving Objects”, Proceedings of
UCMA2013 (Ubiquitous Computing and Multimedia Applications 2013), Xian, China, (2012) May, pp. 9-12.

Copyright ⓒ 2014 SERSC

367

International Journal of Control Automation
Vol. 7, No. 6, (2014)

[17] K. H. Park, “A Ubiquitous Motion Tracking System Using Sensors in a Personal Health Device”,
International
Journal
of
Distributed
Sensor
Networks,
Article
ID
298209,
http://dx.doi.org/10.1155/2013/298209, (2013), pp. 6.
[18] N. J. Higham, “Computing the polar decomposition with applications”, Society for Industrial and Applied
Mathematics, vol. 7, no. 4, (1986), pp. 1160-1174.
[19] G. Farin, “Curves and surfaces for computer-aided geometric design - a practical guide (4th. ed.)”, (1997).
[20] I. T. Jolliffe, “Principal Component Analysis”, Springer-Verlag, (1986), pp. 487.

Author
KeeHyun Park (khp@kmu.ac.kr)
He received his B.Sc. and M.Sc. degrees in Computer Science from
Kyungbook National University, Korea, and from KAIST, Korea, in 1979
and 1981, respectively, and his Ph.D. degree in Computer Science from
Vanderbilt University, USA, 1990. He has been a professor of Computer
Science and Engineering Department at Keimyung University, Korea
since March 1981. His research interests include Mobile/Network
Communication System, Embedded System and Parallel Processing
System.

368

Copyright ⓒ 2014 SERSC

