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Abstract.
Adherence to procedures and rules is essential in order to obtain the best results

in medicine and sports. However, traditional clinical setups can induce stress in
patients, hindering recovery. Meanwhile, advancements in activity recognition and
monitoring technology have revolutionised the sports industry, yet systems suggest-
ing exercises for performance improvement are sparse. At the same time, children
training supervision is lacking comprehensive research altogether. In my research,
I propose a project that aims to unify wearables solutions in physical therapy, sport
training and children development. The key aspects of the research include the ex-
ploration of sensor modality fusion in order to obtain better results, body motion
tracking, and physiological parameters recording. Planned experiments will focus
on joint and torso movement mapping, integration with vital signs in order to per-
form real-life evaluations in cooperation with athletes, patients, coaches, and ther-
apists.
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1. Context

More and more new sensors are created and improved. It is not a surprise anymore that
the wear of mechanical parts can be measured in real-time or that during a football match,
we can have statistics about the condition of the players. The wide selection of types and
available modalities of detectors makes it possible to do a wide range of projects that
would be otherwise impossible to finish. Diverse properties such as speed, exact position,
sound intensity, applied force, pressure and many more are not a mystery anymore for
researchers and innovators.

There are quite a few fields in which new technology proves to be of utmost value.
Medicine and sports are the ones that are widely explored as they pose significant interest
to many people. The first one is an essential part of our life without which more patients
would be sick and die due to many various illnesses and accidents. It is only logical that
a researchers are trying to improve tools and medication used for saving lives. Sport is
an elemental piece of the nature of humans. Whether it is a professional career or a late
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run for a bus or playing with friends, it is always present. It is not a surprise then that we
want to know more about ourselves and the impact of sport on our bodies.

In medicine, new technologies and a better understanding of anatomy and physiol-
ogy lead to the creation of more and more guidelines and norms. Adherence to proce-
dures is necessary for patients’ safety. There are procedures in place when surgeries are
performed, when the treatment plan is created, and when patients are guided through the
first steps of recovery [9,23,36,33,3,25]. In every place in all hospitals in the world, rules
are strictly followed and obeyed which allows for easy routine and followings of the re-
covery process. However, a sterile clinic is not an optimal environment for the healing
process as it puts psychological stress on patients: a necessity of being in a strange room,
surrounded by strangers. It is believed that patients can heal faster at home where they
can relax [8,19]. On their way out of hospital patients are usually equipped either with
a physical therapy plan or a recommendation of visiting physician. Nevertheless, due
to various reasons such as high costs, long distance, need to return to work or lack of
necessary time, many convalescents have to resign from following recovery plan which
can result in wrongly healed injuries or movement limitations [27]. Existing research has
mostly concentrated on interactions with older people, sport rehabilitation, etc. [13,15].

At the same time, a great number of children start professional sports training at
a young age [32,22,37,11,35]. Their training plan is created by coaches based on their
work experience. However, adjusting the workload during the growth phase is crucial
for the correct development of the human body [34]. Unfortunately, it is not always
possible in large training groups where the coach has to take care of all the athletes.
Moreover, due to great differences in children’s bodies, and the way they change over
time, it becomes a challenge to properly guide them in their sport career. Right now,
there is hardly any research performed in the field of youth supervision, except for a
few, singular works about specific sports or coping with various disabilities [38,26]. A
solution that would allow for monitoring of performed exercises, predict fitness progress
and recovery outcomes would help in both: rehabilitation and young athletes’ training.

On the other hand, the sports industry in recent years was enhanced by recently de-
veloped activity recognition and monitoring technology. Various technological solutions
were used and tested to obtain the best results in case of movement tracking: IMU sen-
sors, camera tracking etc. [28]. However, despite a great number of producers of spe-
cialised devices, there are only singular ones that would suggest types of exercises to per-
form to improve one’s physical form. This type of setup could be helpful for individual
training and for coaches to supervise the athletes’ development.

In my dissertation, I want to concentrate on closing the existing gap between an
available technology, and the needs of patients and athletes for remote training supervi-
sion. The most important questions of this research that need to be explored are move-
ment tracking in all environments, recording and analysing physiological parameters and
making predictions of fitness development and recovery progress. To investigate possible
designs for such tools a series of experiments will be performed. Firstly the body move-
ment recording test will be held in a sports environment which should provide informa-
tion about the optimal number and placing spots of sensors. In a similar way, the physi-
ological parameters will be explored with additional consultations with medical doctors
and physiotherapists. To answer the last question experiments combining movement and
body data will be performed in cooperation with experts to ensure correct comprehension
of analysed data.
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1.1. Related work

Recently, one of the most popular area of sport science is movement recognition. There
is a huge amount of papers that describe usage of various types of sensors in order to
track and map body movements [16,4]. One of the most popular technologies is inertial
measurement unit (IMU) that with use of accelerometer, gyroscope and (usually) magne-
tometer is able to precisely determine a position of the sensor and through that - position
of tracked place [4,7,2]. However, there are a few challenges related to this technology
such as existence of a drift which requires calibration phase in order to work properly.
Another difficulties is the needed number of sensors for proper mapping of the body
movement: to fully record the state of the joint (bending angle) two sensors are required.
Despite existing issues, a lot of works obtained satisfactory results that allow for activity
recognition [5,6,1,13]. Many types of sports were tested and for each one different sen-
sors positions were used on athletes bodies as well as on used equipment [4,16]. In some
of these papers researchers concentrated not only on the body tracking but also on the
determining factors coming into creating a good team, proper assessment of athletes by
coaches, physical strain assessment, and more.

On the other hand the capacitive sensing technology is more and more experimented
with. While there are a few technical approaches to this method (sensing the body self
generated electrical field or creation electrical field in an electrode and measurements
of body capacitive changes) in a human activity recognition field those sensors are used
with conductive textiles [6,14]. This produces systems that are easy to mount onto the
human body and can be soft and easy to maintain (washing etc.) [12,31]. However, one of
the disadvantage of this technology is that the gathered data can provide only information
about the relative movement of body parts in relation to themselves [10,31]. This aspect
makes it hard to use capacitive sensors as a stand alone solution.

Physiological data such as pulse, breathing pattern and more can be obtained in
many various ways. However, taking into account that the final solution might be worn by
athletes or recovering patients the bio impedance sensors were chosen. The electrodes are
using low amplitude, high frequency current on the body which allows for measurements
of the body impedance which is dependant on the body tissue percentage [18,29]. This
parameter is utilised, among other applications, in cardiac disease examinations [17],
as well as in works concerning human body tissue percentage [20], medical condition
diagnosis [24], and cybersecurity authentication problems [21,30].

2. Research Idea

Presented above related papers individually are very well covering small parts of a broad
field which is human activity recognition in areas of sport supervision and physical ther-
apy assistance. Nevertheless none of those works presents a solution that would cover a
few areas or could be easily transferred into another domain of interest. A system like
this could be an invaluable help for people that deal daily with patients and athletes. The
possibility of quick adjustment of a training or rehabilitation plan to individual needs is
crucial for the success in most cases.

However creation of a solution like that poses a few questions that are pivotal to
answer while development process occurs:
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1. What type of data physical therapists require in order to make informed decision
on recovery plans for individual patients?

2. What data coaches require in order to make informed decision on training plans
for individual athletes?

3. What body parts need to be tracked for algorithm to be able to detect type of
performed activity?

4. What type of body parameters (e.g. pulse, oxygenation, breathing tempo) are re-
quired additionally to tracking body movements in order to determine the training
effects that performed activity has on the muscles?

5. What joints movement are required to be tracked in order to determine the whole
body posture?

6. What combination of various sensors technologies is the most effective in terms
of mapping specific joints movements?

To answer those questions it is necessary to performs a series of experiments. Start-
ing from the most simple ones to determine the best fusion of sensors in attempt to get
the most accurate and descriptive data. Through research focusing on gathering infor-
mation about training types, decision making reasons etc. Ending with work on the final
combination of previously observed data and creation a functional, easily adapted system
for sport and rehabilitation purposes.

Due to the nature of described experimentation course a few challenges arise:

1. Integration of sensors data from different modalities;
2. Choosing the smallest number of sensors that would allow for accurate activity

tracking;
3. Getting the sufficient number of participants from various sport backgrounds for

long term study;
4. Getting the sufficient number of participants from various stages of rehabilitation

for experiments;
5. Connecting all sensors together in a well working system;
6. Ensuring acceptable levels of data and system security in an Internet of Things

system;
7. Creating an easy to understand and comprehend user interface for people from

various background and all ages.

To overcome them it is essential to firstly, perform a throughout background research
about already finished experiments and about fusion of various modality sensors; sec-
ond, to begin cooperation with universities and institutions that concentrate on sport and
physical therapy science; third, to ensure that the newest cyber-security procedures are in
place; and fourth, perform study about user interface design including surveys in target
groups of society.

3. Methodology

In order to confirm the proper work of a system each step will be tested. Experiments
will be designed in small steps to ensure that nothing is missed. Ground truth for most
of the experiments will be data obtained from video recordings of the experiments as it
is a state of the art method in human activity tracking. The angles of the joints for first
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testing stages can be obtained with one of the few programs used for bio-mechanical
measurements such as Kinovea. This part will be done in groups: first, hint joints (knee,
elbow) second, ball and socket joint (hip, shoulder) third, the construct of a few types
of joints (ankle, wrist), and in the end mapping of the torso. This order was designed
to gradually raise the difficulty level of bio-mechanical description of the levels of free-
dom and movement equations. In experimentation in which it is impossible to collect
sufficient video data, other methods, like motion capture with active markers, are con-
sidered. As the later phase is planned to examine strictly activity recognition in natural
sport or rehabilitation environment manually created (by qualified personnel) labels will
be utilised. For the last part, which is designed to be user interface, specially designed
surveys will provide required feedback from testers. Classification problems will be tried
with traditional machine learning methods as well as deep learning algorithms. Gathered
data will be evaluated with a series of state of the art statistical parameters such as F1
score and consulted with experts in physiotherapy, and sport training fileds.

4. Future works

Each part of the research is designed as a different project to maintain order and clar-
ity. Experiments will start with tests of joint movement mapping for ankle, knee, hip,
elbows and wrists. In the next part the testing of the torso mapping will be performed.
As in physical therapy and some sports the spine position is essential to the performed
movement it is necessary to be able to track this part carefully. In those stages one of
the priorities, apart from the accuracy of measurements, will be to minimalize number of
required sensor in order to keep the cost of final system as low as possible.

After those experiments will be finished, the evaluation of a necessary physiological
parameters to first determine the state of the body during performed exercises and second,
to predict how it will behave in the future during similar activity.

This knowledge combined will allow to perform tests with real athletes, coaches,
patients and therapist. This is a significant part of the research as it will allow fine tuning
of previously created models with the aim in providing the best possible outcomes that
would be useful for exactly those groups of people. In this stage it will be crucial to also
create the best practices of data handling to ensure an acceptable level of security.
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