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Abstract  
Many adults find that they are less active and mobile as they get older, fact that impedes them from 
performing daily activities or living independently. Regular exercise can improve mobility in many old 
adults. For instance, stretching is an important part of elderly and seniors’ flexibility that can help offset 
the effects of normal decline in the flexibility of the joints and help remain active and independent. 
Stretching is useful for reducing pain, improving posture and ameliorating arthritis. Competition and 
teamwork can inspire elderly people to work harder and to keep up their commitment to perform 
physical exercises, especially if it is done in the comfort of their homes. This paper presents a new 
concept in the context of serious games for physical activity stimulation, offering to the user the 
possibility of playing the game via a network.  
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1 INTRODUCTION  
This paper presents a new concept in the context of serious games for physical activity stimulation, 
offering the user the possibility of playing the game via a network. Taking into account the fact that the 
system based on a trainer character and a player character animated by the Microsoft Kinect device 
was successful, passing efficiency tests, in this version of the game we have an extended 
architecture.  

The previous game, described in [1] analyses the user’s movements and compares them to those of a 
trainer character, taking into account performance and efficiency parameters. The exercises are 
automatically selected according to the user’s profile, medical condition and acquired progress and 
consequently the application generates a series of reports and statistics within a personal user 
account. The system’s architecture is composed of six modules: motion capture, movement analysis 
and feedback, activity control, animation control, user interface and progress management. The scene 
has a trainer character who presents the physical exercises. It can be animated by medical staff or the 
user can choose the automated mode in which the system executes the exercises with the speed 
corresponding to the user’s physical condition. 

As teamwork, in most cases, improves the overall efficiency of an activity, the current version of the 
game allows introducing in the scene a maximum number of four users who can perform the exercises 
simultaneously and communicate via a network. There are training sessions at the end of which each 
user receives a detailed personal report with individual performance. Moreover, in order to stimulate 
teamwork, there is a general score assigned according to the overall team performance. Anytime the 
users can communicate and visualize their personal movements and the movements of their peers. 
The participants will be immersed in the virtual environment in order to create the illusion of a real 
gym. The possibility of real-time user interaction during the exercises induces an increase of 
performance in the context of teamwork support, an important psychological element. Furthermore, 
together with the rewarding elements, it contributes to maintaining the players in the training virtual 
environment for a longer period of time.  

The main architecture consists of a desktop client application developed using the Unity3D [2] game 
engine which will gather data from the Microsoft Kinect V2 sensor [3] to animate the user character. 
The physical activities together with the users profiles are stored into a Microsoft Azure database [4]. 
Moreover, the network capability is ensured by a C# server hosted by a virtual machine in Microsoft 
Azure Cloud. 

The rest of the paper is organised as follows: Section 2 describes different existing games. 
Architecture of the game is given in Section 3. Testing and validation results are given in Section 4. 
Conclusions and future work are described in Section 5. 
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2 RELATED WORKS 
During the last years, the online environment has met an exponential development, an ascending 
trend which engages various businesses, most of which are framed around the human component. 
Online gaming allows people to play together despite physical distances and differences in time 
zones. Especially fitness games use activity trackers to record statistics about exercises performed by 
the users. In case of online games, players are in interactive worlds performing physical exercises with 
other users.  

Paper [5] investigated the effects of different multiplayer modes based on: play motivation, actual 
physical activity intensity in an active video game. They used one hundred sixty-two participants in 
different experiments (a) single player: play against itself, (b) cooperation with another player in the 
same physical space; (c) parallel competition with another player in separated physical spaces. Based 
on the results they concluded that parallel competition in separate physical spaces was the optimal 
mode - it resulted in both high enjoyment and future play motivation and high physical intensity.  

Paper [6] describes a physically active outdoor social game that embeds a layer of fantasy and 
challenge in the real world using location-based technologies available on mobile phones 
(accelerometer, magnetometer and gyroscope). The game was tested with sixteen people. Their 
feedback was used as feature improvements. 

In [7] a multiplayer game – MobyDick – is designed to be played while swimming. The game is based 
on a smart-phone (Android based) and it performs swimming activity recognition that will be used as 
inputs for the game. The game is based on an interaction mode viable in an underwater environment.  

This paper describes a multiplayer game for performing physical exercises using a trainer avatar. The 
user movement are captured using the Kinect sensor. 

3 APPLICATION ARCHITECTURE 
During the last years, the online environment has met an exponential development, an ascending 
trend which engages various businesses, most of which are framed around the human component. A 
significant category from the online environment is occupied by the social networks and the online 
games. Both aim for user immersion through various mechanisms that are constantly being improved. 

Even if these two categories use different strategies to ensure that the user will re-visit the online 
platforms, there are tangential areas where the present components, social platforms and online 
games, are intersecting and showing interdependence features. These features represent the social 
platforms’ tendency to send the user to the online games environment in order to aggregate more 
players. Finally, the purpose is to answer to the user’s need for socialization, virtual interaction beyond 
large distances and entertainment. 

3.1 Description of the solution 
Looking back, computer games had and will have a continuous success, depending considerably on 
the user’s level of immersion. Taking into account the actual context and as an answer to a permanent 
desire to improve life expectancy and physical and psychological condition of elderly people, we 
managed to build an architecture which has as purpose training and continuous progress monitoring, 
by analyzing and providing relevant feedback. 

Also, the architecture includes the socializing component, with a major impact on maintaining the 
rhythm of physical activities through team spirit and engagement. The system aims immersing the 
user into the virtual environment, in order to promote an ascending rhythm of the physical activities 
and socializing, which is highly beneficial for the old persons. The collection of exercises is selected 
from a database developed by specialized medical staff to have a significant effect on the user’s 
health and physical condition. 

The simple framework (the one with only 1 participant) is extended by creating a session of exercises 
defined by the level of difficulty and user’s medical condition. The user, based on an invitation or by 
connecting to a social network, has access to the session of exercises. He will have daily requests 
from the system for maintaining the pace of exercises and will ensure a greater responsibility of the 
participants by involving the social component and team spirit. The immersion elements are 
represented by progress plots and the results compared to the rest of the class and other system 
users. They can be particularized through a minimal development effort to stimulate a continuous 
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progress. Each user has an associated medical framework which follows his progress permanently, 
offering suggestions, advice and encouragement. In this way, we promote a controlled environment in 
which the patient can practice the exercises safely and towards a maximum of benefits for his physical 
condition. 

3.2 The proposed architecture 
Starting from the premise that the system operates in the medical context, we created a architecture 
capable of fulfilling a whole series of operational requirements of efficiency, flaws tolerance and 
modularity, facilitating the components exchange without major modifications. For simplicity, the 
architecture will be presented for a real user and for a user from the online environment, from the 
perspective of the real user. Starting from the real user, we identify: the motion capture and feedback 
analysis module, the animation control module for the real user, the user interface module, the control 
and synchronization module and the animation control module for the remote user (Figure 1). This 
area is apart from the cloud area where we have the user management and the social network 
integration module.  

 
Figure 1 Overall Architecture. 

The motion capture and feedback analysis module has the purpose of acquiring the user’s movement 
from the motion capture system. In real-time, this module communicates with the animation control 
module so that the user’s movements would reflect in the character animated on the screen. At the 
end of each session of exercises, this module sends feedback to the control and synchronization 
module for storing the data in the cloud. 

The animation control module for the real user acquires the data from the motion capture module and 
executes a real-time mapping process for animating the character. For highlighting the errors, this 
module imposes some anatomical constraints with the purpose of maintaining the animation within 
real parameters, for an accurate association with the human entity, improving the immersion level. 

The user interface module has the purpose of ensuring communication with the user – both visually 
and acoustically. At any time, the user can cancel the exercises for certain reasons. In order to 
facilitate the interaction between the system and the user, the latter can access various functions via 
gesture recognition. 

The control and synchronization module is the only component that can communicate with the user 
management module from the cloud. Each request of the other access modules is taken and validated 
by this component. To ensure data confidentiality, we included a supplementary security level. The 
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authentication, user profile download, exercises download and results analysis are performed by this 
module. If the user wants to take part in an online class, the synchronization function becomes crucial 
for performing the activities. When more users want to participate, the system must synchronize the 
frames and show the most recent ones. In order to fulfil this purpose, each system-user unit has the 
internal clock synchronized with a single provider. In the moment when a motion is acquired, a 
timestamp is automatically assigned and it is sent in the cloud to be provided to the other users. When 
the synchronization module receives the frames from the other users, it compares the time recorded 
on the frame with the current time, making a filtering at output and maintaining users actions 
consistency.  

The animation control module for the remote user has the same functionality as the module targeted 
to the real user, both receiving data from the synchronization and control module. For each user from 
the online environment, a configuration with the animation control module is generated and will be 
managed by the synchronization and control module. This module has the purpose of animating the 
trainer character based on the set of exercises. 

The user management module is the component which aggregates user profiles and information about 
the feedback of the exercises, managing frames transmission within the class. This module exposes a 
series of services that can be accessed only by the control and synchronization components. Security 
is very important because the high traffic generated by frames transmission leads to a high server 
loading and any perturbation can weaken the entire system.  We wish that this component would have 
a faster communication with the complementary modules. In order to integrate with the social 
networks, this architectural component communicates with the social network integration module, 
increasing the number of users and their connections, with the final purpose of creating a higher 
number of classes of exercises.  

The social network integration module has been disconnected from the management component, 
because it is constantly predisposed to major changes in the context of ensuring a better security for 
the new functionality. Being a third-party, its separation is justified. This module, for each requested 
operation from the system or from the user, facilitates communication between the social network 
server and the user through the other modules. Direct communication is ensured with the user 
management module. 

3.3 Usage of the application 
The purpose of the application is to enhance the physical condition of elderly people. Thus, besides 
the requirements of efficiency, flaws tolerances and modularity, within the architectural developmental 
stage, we defined additional principles. Application simplicity and reduced costs has a significant 
impact on the overall architecture so that they would maximize the effect on the user, being at the 
same time highly financially accessible. 

For running the application, the first step is user authentication. The authentication credentials are 
introduced and, if authentication is successful, the user profile is downloaded. This operation is 
executed only once. Then, the system saves the data and authentication is executed automatically. 

The next step is connecting to the motion capture acquisition device. In the case of failure, the system 
will be unable to continue the initialization stage. After successful login, some automatic tests are 
conducted to verify the accuracy of this step. Then, the user has the possibility to choose between 
individual exercises or training sessions with more users from the online environment. For the online 
sessions, at the doctor‘s recommendation or by simply integrating a social network functionality, the 
user can enrol to the training classes with a minimum of 30 minutes before start. When user starts 
executing the exercises, he can see on the screen the other participants, members in the class. The 
system will create a trainer user who will stand in front of the other users. After all the participants 
have successfully connected, the start of the sessions is announced both visually and acoustically. 
The sessions can have various durations and difficulties. The purpose is that the entire class would 
reproduce the movements of the trainer character. Besides the animation of their own characters, the 
system offers the possibility that the users would observe all their peers joining the exercises. Even if 
the movement is not synchronous with the movements of the trainer character, the feedback aims for 
their accuracy. At the end of the training session, the personal feedback, that of the team and a 
general score will be displayed. 
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4 TESTING AND VALIDATION 
In order to meet all the architectural criteria, the system has been subject to a series of speed tests 
aiming for: complete functionality of all the modules, quality and level of immersion, accuracy of 
results. 

Each module is built based on the Test-Driven Development [8] technique that diminishes errors 
during software development. The series of tests was used both for individual module testing and 
integral testing. The advantage is significant in the moment when a new component is introduced or 
some solution modifications take place. Before any deployment operation, integration testing must 
take place.  

Final testing has been conducted with a group of four users (not elderly users). They followed the 
application’s general stream. Authentication took place using the personal accounts created by the 
admin. A user profile was set up, with personal data and medical condition. Each participant was 
associated a class of exercises. From the admin account, a new training session was created. 30 
minutes before start, the participants enrolled in that class. When the exercises started, each user was 
notified both visually and acoustically. They could see on the screen five characters, four users and a 
trainer. Throughout the training session, all the characters executed a series of movements, as in a 
real-life gym. The user was motivated to perform the exercises as accurately as possible, taking into 
account the fact that they needed to work as a team to accomplish several objectives. At the end of 
the session, each user received an individual score and a team score, calculated based on the team 
performance. 

The system was capable of supporting a number of four users simultaneously throughout a whole 
training session. Because the data that need to be transported on the network is represented by small-
size frames, the overhead is reduced. Thus, there is a low probability of frame delay and lack of 
coherence between users’ movements. 

We tested the game with 6 type of exercises: hip extension, squats, lateral lunge, quadriceps stretch, 
lateral stretch, arm stretches performed in two modes: (a) single player (b) multiple players. Based on 
the graph from Figure 2, the user will make exercises for long time if in case of the multiplayer mode. 
The time for performing physical exercises is higher with approximately 43% in case of the multiplayer 
mode (as given in Figure 2).  

 
Figure 2 Time evaluation of the game. 

5 CONCLUSION 
This paper presented a physical exercise game designed as a multiplayer game. The game is a 
possible solution for increasing physical activity for elderly people. The game contains a trainer avatar. 
We used a set of physical exercises recommended by a kineto-therapist.  The user must reproduce 
the trainer avatar movements. As future work, we’ll extend the set of exercises and we’ll test the game 
on elderly users.  
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