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Abstract The increase of the elderly population has an enormous effect on the health
care system of a country, as the rise of this population sets the mood to an exponen-
tial growth in assistance and care. Indeed, the inherent costs of this populational
class are higher when comparing to the younger classes. Today paradigm focuses
on the reduction of these costs by promoting a healthier lifestyle on all classes of
the populations. Thus, the concern of a more active lifestyle is present in the elderly
population, which has proven to reduce, for example, the risk of coronary problems.
The stimulus on physical activity is now higher and it is possible to get several
monitoring devices to keep track on the activity that was performed. Following this
trend, the present paper presents a hybrid approach that employs the use of wearable
devices, the Mio Fuse band and the pandlet, and a non-wearable device, the Kinect
camera, to monitor elderly people during a Boccia game scenario. Preliminary tests
were performed in laboratory. The results include data collected concerning a main
movement that is used during a Boccia gameplay.
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1 Introduction

Nowadays, older adults are more concerned in having an active lifestyle. How-
ever, new possibilities to motivate to exercise must be explored, due to the rise of
longevity leading to a larger increase of the older population. In 2013, 18% of the
Europeans are aged 65 or more (more than 92 million individuals), but the European
Union estimates a rise of 30% by 2060 [23]. According to the last Census, in 2011,
19% of the population in Portugal are aged 65 or more [3]. Facing these statistics, it
is important to develop new possibilities to motivate and monitor the biosignals of
the elderly population.

Wearable devices offer the advantage of being usable inside and outside the
home, since they are small, lightweight, and less expensive. Conversely, the suc-
cess of these solutions depends upon the willingness of the user to wear them. Thus,
using a passive, non-invasive, and low cost solution, such as a Kinect based system
provides a better approach to monitor the older adult activity, that runs silently and
un-intrusively. However, the Kinect API as it is, does not have support to actively
monitor certain bio signals, such as the user heart beat during an activity. Bosi et
al. [6] proposed an algorithm to estimate the heart rate but the user has to be in a
standing position (being in a stationary position at 2.5m of the camera). Therefore,
the present work presents a hybrid approach that employs the use of wearable de-
vices, the Mio Fuse and the pandlet, and a non-wearable device, the Kinect camera,
to monitor elderly people during a Boccia game scenario.

This paper is organized as follows: in Section 2 research regarding activities and
devices to promote and monitor older adults is discussed, Section 3 describes the
setup proposed to monitor elderly people during a Boccia game scenario. Section
4 presents some preliminary results, and finally in Section 5 the final remarks are
addressed.

2 Background

The latest studies on health describes higher levels of obesity and inactivity in differ-
ent groups of age [8], such that older adults are overweight but also in the younger
ages where it has been confirmed epidemic levels of pediatric obesity [5]. Due to
the increasingly aged populations this issue becomes important for the maintenance
of a healthier life in older people. Thus, physical activity is important in disease
prevention and in the quality of life of this group of people since an elderly person
may maintain an independent life [25].

The technological developments are constant and new devices are increasingly
smaller and lightweight. Considering the activity monitoring regardless the age of
the user, one may find several devices with different specifications and sizes with
the goal of monitoring the physical activity of the user [10, 17, 26].

Section 2.1 describes a game that may easily be played by the elderly (taking
into consideration their physical abilities and limitations) and Section 2.2 and 2.3
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presents some approaches for monitoring the physical activity of the user, regardless
his/her age.

2.1 Boccia Game

Boccia is a game that was initially created to be played by people with cerebral
palsy, being a Paralympic Game since 1984. Nowadays this modality includes ath-
letes with different disabilities that affect their motor skills [4]. Due to its increasing
popularity this game has also been adapted to children and older people. Indeed,
there are national championships with adapted rules for this class of players (see
[20] for the Portuguese championship). It may be played outside or indoors and the
field must follows the definitions depicted in Figure 1. Just to promote the physical
activity over the people in a nursing home, the rules and the size of the field may be
readapted.

Fig. 1 Boccia field, retrieved from [21]
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Considering the goal of developing an activity and to promote the interaction
between the users of a nursing home, the Boccia game is a very good option since it
may be played by people with different levels of physical abilities and limitations.
In each turn there are 6 players (divided in two teams) where the team with the
higher scores is the winner (please refer to [4, 20] for details about the gameplay).
In a nursing home or in its perimeter it is possible to establish a field and play
this game creating different teams and promoting the interaction between the users.
Thus, besides the physical activity there is also another important aspect that is the
social interactions that are developed.

2.2 Wearable Approaches

The practice of physical activity has large benefits to the health of people. Regard-
less the age of the person the physical activity should be done as it may reduce
disabilities (in later ages, for example), increase the independent life of the elderly
and thus improve their quality of life [25].

Despite the type of exercise it is important to record the activity data so it is pos-
sible to check the performance of the user. Indeed, through the recorded data one
may verify if the time of a given activity is increasing or decreasing or if the same
activity may be executed for a longer time. The wearables used for this monitoring
are usually equipped with accelerometers which enable the measure of the acceler-
ation along an axis. A comprehensive review of the different types of such sensors
is presented in [26]. Despite the accelerometers there are also sensors to obtain the
body temperature [17], useful for example to monitoing the activity; the heart rate
monitoring may be done through sound detection, just to name a few. In the wear-
able field there are also portable ECG (electro cardiogram) which may be used in
the assessment of cardiovascular diseases [17].

Previously mentioned sensors are considered wearable, i.e., have to be with the
user, which may cause some discomfort or the user may be afraid to wear it. The
most common wearable devices are designed to be used in the wrist (resembling
the ordinary watch [14, 10]) being generally accepted by the user. Other wearable
devices like respiratory rate monitors may be considered more invasive due to the
type of sensors needed and the location where they must be on the body for the
monitoring process [12, 18].

2.3 Non-Wearable Approaches

Non-wearable technologies are also available to monitor the user activity. Generally,
these technologies are based on video recording systems, using one or multiple cam-
eras to generate a 3D image [9, 27, 11]. There are different approaches employed
in these systems that allows to monitor the human activity. The majority of these
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systems use classification algorithms by building a model that later allows classi-
fying human movements [22]. A more recent approach in the literature consists in
building a model of the human body and its motion via a stick-figure, i.e., a model
represented by means of joints that are inter-connected with sticks [9, 27]. However,
the main drawback of this approach is the difficulty to finding extremities and joints
in video sequences, since the parameter calculations requires a high computational
effort [22]. A device that follows this last approach is the Microsoft Kinect sensor
that along with the Microsoft Kinect Software Development Kit (SDK) computes a
skeleton model of the human body in real-time [15]. Following this trend, there are
several works in the literature that use Kinect for monitoring elderly people in the
context of healthcare.

Dell’Acqua et. al [7] proposed the use of the Kinect camera as a basis to develop a
system for monitoring physical activities in older adults. This assistive tool consists
of three main components: the Kinect SDK, a Motion Analysis module, and the
Activity Monitor module. Firstly, by using the first module the system extracts, in
real-time, the data from the skeleton outputed by Kinect. This data is processed in
the Motion Analyses module and the output data is saved in a database. Finally, the
last module reads the data and performs comparisons on statistical data of the user’s
activities. Their approach detects if and when an older adult exergames, how often,
with which intensity, and which body parts are moved most, if a person falls, and
among other functionalities. A similar approach, also using Kinect for passively
monitoring older adults, consisted in developing a system that performed posture
recognition (siting versus standing) and gait recognition [19]. They used Support
Vector Machines (SVM) as a classification method to analyze the gait and posture
data obtained from Kinect. Their approach was evaluated offering promising results.

The capabilities packed in Kinect offers a compact and affordable way to use it
for health monitoring and gait analysis.

3 Proposed system

The system proposed in this work (Figure 2) was designed to be easily expandable
and start reaching other games.

3.1 Architecture

The software architecture is based on a three-tier framework that organizes modules
(games) into dynamic categories, acting as a launcher and providing them a set of
APIs for common functionalities such as sensor communication, user profile and
game session management. The proposed system architecture allows the modules
to be agnostic on which sensors are currently supported and being used, as well as
which backend server may be used to manage user profiles and store game session
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Kinect:
• Facial features;
• Body posture;
• Gesture 

recognition. 

Wearables:
• Heart beat;
• Accelerometer. 

User Environment

Processing Unit Interface

Fig. 2 System overview

data. The API [13] for sensor communication provided by the framework is imple-
mented as shared library/DLL in pure native code (C++) and supports most of the
existing platforms: Windows, Linux and Android. The library is responsible for all
communication details with any sensor. The received data from sensors is processed
and merged into a single protocol and send to any client (game) that asked for it
and provided a callback. The protocol considers data from inertial sensors, gestures,
body tracking, among others.

3.2 Sensors

The main motivation behind this project is to be used in community or nursing home
unsupervised contexts, using standard and relatively inexpensive equipment to de-
tect movements during a Boccia game scenario. Therefore, currently there is support
for a small set of available sensor devices like Kinect sensor, a Mio Fuse band, pan-
dlet [2], and a computer. The general idea lies in using the Kinect sensor, pandlet,
and the Mio Fuse for actively monitoring the user in a Boccia game scenario. The
Microsoft Kinect V2 is a depth sensor based on the time of light technique, that
consist in measuring the time it takes for pulses of laser light to travel from a laser
projector, to a target surface, and then back to the image sensor. It possesses a built-
in 1080p color camera, a 3D depth sensor, and a microphone array, Figure 3. It is
capable of tracking users body movement, extract facial features, and recognize ges-
tures. The software released by Microsoft called Kinect Software Development Kit
(SDK) with Application Programming Interfaces (API) gives access to raw sensor
data streams as well as skeletal tracking [15]. In the present work, the face tracking,
body tracking, lean tracking, and gesture recognition APIs are going to be used to
track the user activity during a Boccia game scenario. The face tracking API gives
access to facial features from up to six users. This facial features allows to detect
if the user is happy and engaged in the activity. Additionally, it also gives accesses
to facial points, necessary for example detecting the user emotional state during the
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activity. The body tracking API outputs a skeleton model composed of 25 joints.
This model can be used to track each joint position that are part for example of one
gesture that later can be recognized as a particular gesture in the game.

Fig. 3 The Microsoft Kinect camera, retrieved from [1]

The Pandlet (Letting Everything Sense) [2] is a bracelet with a novel architecture
of embedded electronics for wireless devices that can be used to develop Wearable
and IoT solutions. Pandlet includes an accelerometer, magnetometer, and gyroscope
that can be used to track the user movements during the game. Along with the Kinect
sensor and the pandlet, the Mio Fuse band version 2 is used in this system for mon-
itor the user hear beat and to number of steps. It has a built-in heart rate monitor
and an accelerometer [16]. Finally, combining all this information the main goal is
to study the behaviour of each player during the game.

4 Preliminary Results

By applying the developed system to the Boccia gameplay we intend to retrieve
information about the force exerted by the player during the throwing movement.
This is achieved by retrieving the wrist position during different stages of the move-
ment. Being an activity that has higher levels of acceptance by the players, which
in our case are the residents of a nursing home in Guimares (Portugal), it is easier
to test and access the developed system. Through it, we may measure the throwing
movement regarding the acceleration of the ball, the angle that it leaves the player’s
hand, among others, and establish a comparison between all recorded data in order
to provide the overall performance of the player. Indeed, the caregiver may verify if
the user performance is increasing or not and, if the later applies, change or add a
personalized treatment. Before performing the tests in the institution to validate the
proposed system, a collaboration protocol between the University of Minho and the
institution will be signed. Also, informed consents, describing the research purpose
and methods, will be distributed and firmed by the participants or their responsible.

The Kinect sensor provides the coordinates (x,y,z) for each joint of the human
body. Figure 4 shows the desired angles and the selected joints that were used to
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compute them. The methodology used for computing the angles of each arm follows
a previous work of the research team [24].

Fig. 4 On the left - The desired angles of each joint. On the right - The selected joints.

Figure 5 presents the data collected concerning a main movement that is used
during a Boccia gameplay.

The performed tests were done in laboratory and the heart rate is omitted since
it was constant during the throwing (due to the reduced period of time). Thus, in
future tests in real game scenarious we consider to constantly monitor the heart rate
of the player during the entire game play to check whether the player is in ready for
his turn. Another aspect that will considered is the quality of the throwing with the

Fig. 5 Collected data of a main movement that is used during the Boccia gameplay.
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engagement of the player in the game. Indeed, when this engagement is lower, the
quality of the throw usually decreases.

5 Final Remarks

Obesity associated to the lack of physical activity is a major concern in todays soci-
ety. This problem is inherent to all groups of ages, i.e., one may find this epidemic
in youth, adults and in the elderly. In this last group the concern increases since
populations are getting older due to the higher number of people that are above 60
years old. A healthier life-style not only benefits the person due to the reduced risk
of, for example, a coronary problem, but also the health care system of a country
since the costs needed are lesser comparing to a ill person.

Besides stimulating a person to the physical activity it is also important to mon-
itor that activity in order to check whether the person is doing the exercise in the
correct way (right postures, for example) or to create activity plans to improve the
quality of the exercise (do the activity in less time, for example).

We propose a hybrid system where the goal is to monitor the user activity of the
elderly people while playing Boccia through a wearable device that is used on the
wrist of the user and by a passive solution that monitors the environment in which
the user is developing the activity.
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