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There are many factors that have a direct impact on the effectiveness of rehabilitation sessions. Among the main ones are: the
availability of treatment, the active participation of the physiotherapist and the patient’s motivation and engagement in performing
the exercises. In this sense, this project presents the construction of a distributed exergame that, using equipment and sensors coupled
to the cycle ergometer (device used in the activity), aims to allow telerehabilitation sessions, where the patient and physiotherapist are
in their respective houses, and perform these activities in a less boring and more engaging way, increasing the patient’s quality of life.
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1 INTRODUCTION

Patient rehabilitation is a sort of healthcare that presents several questions and variables on which its effectiveness
depends [9]. We consider the following factors:

• The availability of treatment, which involves the presence of the health professional, the equipment and the
possibility of patients’ displacement to where the sessions are held. Many patients’ access to therapy is hampered
by many factors, either because they live in distant environments (rural, for example), or other adverse reasons,
such as the reality of social distance imposed by COVID-19 [3].

• The active participation of the physiotherapist is an extremely important factor for the patient to perform
correctly the exercises and for his health status to be monitored and the activities regulated [1]. With access
difficulties, this participation is restricted and often does not happen. In many places, the solution found consists
in the elaboration of teaching materials, such as explanatory booklets, which are provided to the patient [2].

• The patient’s motivation and engagement in the exercises being performed [5]. Often, the activities are repetitive
and boring, making the patient not perform the exercises or do them inappropriately. Without engagement,
rehabilitation cannot achieve the expected results. The engagement is crucial to the quality of life of patients,
especially those who need to perform rehabilitation exercises for long periods.
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Considering the telerehabilitation scenario in which patient and physiotherapist are in different places (for example,
each one in their home) and the session is mediated by means of communication [7], the problems add up and intensify.
The lack of active participation by the physiotherapist, the difficulties in monitoring the activity and the lack of
motivation and engagement become major obstacles that can hinder the effectiveness of the sessions.

In this context, this project presents an exergame, which is a serious game that aims to make the practice of physical
exercises less boring and more motivating [4], by promoting the patient’s engagement with the game. Our game aims to
help telerehabilitation sessions that use the cycle ergometer as a device, which is transformed into a low-cost "joystick"
through the coupling of sensors to capture the patient’s vital data and pedaling, being a low cost alternative. A magnetic
switch (for counting the pedaling of the cycle ergometer) and a heart rate and blood oxygen saturation (oxymetry)
sensor (MAX30102 1) is attached to an Arduino board (Figure 1). The data are sent to the computer via the serial port
from Arduino, which builds a JSON (JavaScript Object Notation) tuple to send the data [8].

Fig. 1. The adapted cycle ergometer. Fig. 2. Physiotherapist’s screen in the "player" mode.

The game, which design is based on the endless runner model, presents an avatar with a bicycle controlled by the
patients’ pedaling on the cycle ergometer and an auxiliary joystick that allows more movements. The goal is to collect
as many coins as possible throughout the race, avoiding obstacles, within the time stipulated by the physiotherapist.
Vital patient data and other information are shown on the patient and healthcare professional’s screen in real time,
using real-time system techniques. In addition, the solution allows for audio and video communication, through an
embedded video call implementation.

2 THE EXERGAME - SOME DETAILS

The gamewas developed in a distributed architecture as amultiplayer, with each actor (patient and physiotherapist) being
a player, even though they perform different functions. Unreal Engine 42 was chosen because its support for multiplayer
applications and client-server architecture. The server can be run on one of the hosts (patient or physiotherapist) or in
a dedicated way. Communication occurs by storing information and requesting it between the clients and the server.
Unreal Engine has a real-time system that allows this implementation3.

Therefore, the data from the sensors that are stored in variables within the Patient player are sent to the server and
will be available to the physiotherapist, who will request access. On the other hand, the exergame configuration data,
provided by the physiotherapist, are also sent to the server and the Patient, in turn, will make the request before the
activity starts or when these settings are changed by the Physiotherapist.

1www.maximintegrated.com
2www.unrealengine.com
3https://docs.unrealengine.com/en-US/InteractiveExperiences/Networking/index.html
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Before the activity starts, it needs to be configured by both actors. The patient, on his screen, needs to indicate in
which serial port the cycle ergometer is connected and the Physiotherapist, in turn, makes the configuration of the
activity parameters, such as the expected speed, the duration and the minimum and maximum values expected in the
heart rate values. and blood oxygen saturation.

The configuration, however, allows other adjustments that aim to provide a greater degree of personalization of the
activity, making the session to be tailored, considering the needs of each patient. In this sense, the Physiotherapist
can configure the presence or absence of obstacles (from which the patient must avoid) or coins (objects that the
patient must collect). He can also choose how he prefers to participate in the experience, either as a spectator (without
interacting directly with the game, just monitoring the information) or as a player (participating in the activity with an
avatar next to the patient’s avatar). When the two actors are ready to start the activity, each one must press the "Play"
button. This synchronizes the beginning of the activity, like a "handshake".

When starting the activity, the exergame presents a character who, using a bicycle, rides at the speed corresponding
to that of the patient. A green bar displayed on the screen will increase your count with each new cycle of the pedal
and the value of this increase will be proportional to the time of the last cycle. Thus, the player must be aware of his
speed to maintain the bar mark between the two red bands, which will show the minimum and maximum margins
defined by the physiotherapist.

Fig. 3. Patient’s screen (left) and physiotherapist’s screen (right).

Boxes are generated at random points to be obstacles, in addition to coins and objects to be collected by the character.
The goal is to end the activity by pedaling at a speed within the range indicated by the physiotherapist, collecting as
many coins as possible and avoiding obstacles. For each game, a coin collection goal is set and the player must achieve it.
Figure 1 shows the two screens of the game: that of the patient on the left and that of the physiotherapist on the right.

During the game, the physiotherapist can monitor the player’s performance by viewing on his screen the data
captured by the sensors, as well as a performance graph generated in real time. If he has chosen the "spectator" mode,
his screen will be similar to the one shown in Figure 3 (right).

Additionally, he can change, at any time during the game, the minimum and maximum values of heart rate and blood
oxygen saturation, the duration of the activity and the expected speed. This last configuration, in addition to allowing
the personalization of the activity, also contributes to increase or decrease the difficulty of the game, thus influencing
the patient’s engagement. The physiotherapist simply clicks "Update" and the settings are updated for both actors.

On the other hand, the physiotherapist can also choose the "player" mode, which, in addition to all these settings,
allows him to "play together with the patient", that is, pedal beside him, to increase the feeling of company and
engagement . For this, the physiotherapist also receives a character similar to that of the patient player, also controllable
through the keyboard. This also causes the patient’s pedaling speed to be suggested by the physiotherapist’s pace, as
the patient realizes that he must accompany him. If the physiotherapist realizes that the patient’s speed is high, he can
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decrease his own speed, which suggests to the patient that he also does it. The physiotherapist’s screen with the two
characters running side by side is shown in Figure 2.

During the activity, the display of the sensor data remains constant and an alert is issued if they go outside the initially
stipulated range. At the end of the session, both the patient and the physiotherapist can view the final performance
graph. Thus, the health professional can evaluate the patient clinically, observing the evolution of heart rate and
oximetry over time of activity. These data are stored and presented to the physiotherapist in the form of a history or
follow-up report, thus showing the general development of the patient throughout the sessions.

3 CONCLUSION AND FUTUREWORK

The complete construction of the exergame and the hardware equipment capable of capturing the data that the patient
produces during the activity (adapted cycle ergometer) is completed. The game is implemented and all its features
developed.

The next steps are related to evaluation and testing, with two-step planning. The first is an evaluation with spe-
cialists using the Delphi method [6], which aims, through the application of questionnaires, to collect the opinion of
physiotherapy professionals on the effectiveness of the project. The second stage consists of carrying out tests with
patients, which will occur with patients recovered from COVID-19 who are in motor and respiratory rehabilitation.

Finally, it is expected that, with the follow-up of this project, an alternative will be delivered to society that, by
helping in telerehabilitation sessions, has a positive impact on improving patients’ quality of life. We also hope that,
with this project, these physiotherapy sessions with the cycle ergometer will be more fun and engaging.
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