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Abstract— This paper discusses a solution for digital universities 
to extend the functionality of their e-learning platforms to 
improve, not only their delivery model of instructional content, but 
also their way of assessing the knowledge of the students. Indeed, 
this paper proposes a solution for the platform of  Moodle, 
allowing to create virtual classes, integrating the sharing and the 
control of screens, the transfer of files independently of their type 
and their size, the video, the audio, chat, different actors. This 
solution integrates an audio and video knowledge assessment tool 
for language lesson modules and enables learners to learn to 
communicate. 
Our solution is built around MSRP and WebSocket protocols, is 
used directly with current browsers as well as computers, 
smartphones and tablets. 
Our solution has allowed, among other things, language teachers 
and STEM to perform work online and face-to-face as it should 
without necessarily resorting to the MCQ or be obliged to modify 
the tests to take into account the difficulties related to the 
evaluation of programming and networking lessons.  
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I.  INTRODUCTION  
 

Today, with the development of ICT tools at the service of 
education (establishments interconnected by fiber optics, broad 
bandwidth Internet, establishment of pooling space, cloud 
computing,), the classical universities integrate Open Training 
and [1] and those already virtual must meet the challenges of 
the quality of communication and exchanges, especially during 
practical work in teaching-learning situations, in a context of 
state option to guide trainings to STEM [2]. 
Open and Distance Training, which initially interested 
professionals who wanted to complete their training, welcomes 
more and more young people as soon as they obtain their 
baccalaureate, which is why most higher education institutions 

in Senegal give a great importance to this educational 
innovation in their training practice. 
These young people need to be well trained in the fields, among 
others, of communication, and especially of STEM. To do this, 
many distance learning platforms exist and integrate tools, 
exchanges, self-evaluation and evaluation online [3]. This is the 
case for Moodle [4], which is used by many universities. 
Certainly Moodle has a BigBlueButton plugin [5] allowing the 
creation of virtual classes integrating audio via the WEBRTC 
protocol [6], video, screen sharing using the flash that is 
disappearing [7]. The limitations of this solution lie in the 
remote control of computers that can be useful in the context of 
practical online work and the difficulty of entering 
mathematical formulas. 
We believe that it would be better for universities' e-learning 
platforms include features such as: 
- The transfer of large files regardless of their size or type, 
- The share screens features in particular and resources in 
general. 
- The possibility of remote control of computers. 
Another problem encountered by e-learning, is the realization 
of practical work assessment of knowledge for students, in 
language streams and therefore our solution must take care of 
this issue. 
For this, we propose in this paper, a solution based on MSRP 
[8] and WEBSOCKET [9] protocols to improve the efficiency 
and ease of use of e-learning platforms. 
So the rest of this paper is organized as follows: 
In Section II, we present the MRSP WebSocket protocol and 
the services offered. Section III describes the architecture of our 
solution. Section IV is reserved for the presentation of the 
results of our works and finally Section V is reserved for 
conclusion and perspectives. 

II. MSRP WEBSOCKET PROTOCOL AND SERVICES 
OFFERED  

A WebSocket is a web standard representing an application 
layer network protocol and a World Wide Web programming 
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interface to create full-duplex communication channels over a 
connection [10]. 
Nowadays, several technologies such as WebRTC use 
WebSocket to set up real-time communication tools accessible 
from a browser [11].   
The MSRP is a protocol operating in connected mode using 
either the TCP transport protocol [12] or SCTP to exchange 
messages or files in the context of a session. The MSRP 
protocol places no restrictions on the size of the message or the 
type of content. 
Two UETF recommendations define the MSRP protocol [13] 
[14]. 
The MSRP cannot establish a session itself, it relies on the SIP 
protocol to establish and release a multimedia session [15]. 

 

 
Figure 1: messaging session with MSRP 

To be able to solve the problem of crossing of NAT known by 
the MSRP protocol, MSRP relay solutions are proposed and 
several implementations have been made in free software 
version, this is the case for the MSR Relay server [16]. 
 
 

.  
Figure 2: session message with MSRP Relay  

 
 

III.! ARCHITECTURE OF OUR SOLUTION 
 

A.! Solution Architecture 
Figure 3 below shows the integration of our plugin into Moodle. 
This plugin uses an external TOIP server KAMAILIO [17] 
whose IP address will be parameterized in the configuration file 
of the module and is materialized on the same figure by: 

"! Presentation Lib: represents all the libraries of our 
plugin, which interacts with MSRP API [18]. 

"! UI presentation: represents the views of our plugin 
 
 

 
Figure 3: Architecture of the solution 

B.! How the solution works 
The solution relies entirely on the coupling between the 
KAMAILIO TOIP server, the WebSocket protocols and the 
MSRP. The MSRP relay is also integrated in the solution to 
manage the problems related to crossing of NAT. Thanks to the 
loading and the activation of the modules, we defined rules of 
routing in case of transaction MSRP. Figure 4 describes the 
exchanges of messages between two users during a session 
MSRP to send big file or shares their screen; User 1 sends an 
instant message to User 2. The Kamailio MSRP WebSocket 
Server receives the message and sends it to the MSRP relay that 
routes the message to User 2. 
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Figure 4: typical MSRP session 1 

 

 
Figure 5: configuration Server loading modules 

 

 
Figure 6:  MSRP transaction routing configuration 

C.! Description of Moodle 
 

The term MOODLE is the acronym for Modular Object-
Oriented Dynamic Learning Environment. Its development 
began in Australia in the 1990s by Martin Dougiamas. It is an 
e-learning platform, licensed under the GNU Public License 
(GPL), accessible via a web browser and used to manage online 
courses (document storage space, online activities and 
resources with students, registration and access rights 
management, tutoring, etc.) [19]. 
Several universities and organizations around the world have 
adopted this e-learning platform, as it offers a set of integrated 
tools designed, initially, on the basis of the pedagogical model 
called socioconstructivism [20]. 

Moodle is modular and consists of a kernel to which plugins are 
grafted as needed to provide additional features. Plugins benefit 
from a large number of services from the kernel such as generic 
access to the database, support for updates, inclusion of 
information in reports etc. Figure 2 below shows the 
architecture of Moodle.  
 

 
Figure 7: Moodle architecture 

 

D.!Moodle plugin development 
A plugin or plug-in is a package that complements a host 
software to bring new features. 
It can be positioned in a pedagogical sequence of a course. 
The following table shows some basic files of a Moodle 
plugin. 
 

Tableau 1: Moodle basic files 

Files /Folders Description 
version.php It contains the following 

information: The declared 
version of the module; the 
minimum required version 
of Moodle for the plugin to 
work and cron settings 
(regular task). 

index.html 

 

Allows you to reach the list 
of instances of pedagogical 
objects in a class. 

mod.html 

Allows Moodle to reach the 
object editing screen.!

!
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icon.gif 

the icon that appears in the 
class to symbolize the 
activity.!

lib.php 

!

Library functions where 
Moodle will look for various 
callbacks that provide the 
"standard" module 
information.!

view.php 
!

Allows you to make all the 
screens of the module.!

Backup Folder containing backup 
and restore information. 

 

IV.! RESULTS 
 

A.! Screen sharing 
 
Figure 8 shows the invitation for screen sharing with the three 
options accept, reject, and occupy.  

 
 

 
Figure 8: incoming session request  

Figure 9 shows the sharing and remote control of a computer 
between trainer and learners. The teacher asks to take control of 
the learner's machine in order to show him how to handle. 

 

 

Figure 9:  Sharing and remote control of a computer 

 
Figure 10 shows the sharing and remote control of a computer 
between trainer and learners integrating audio, video and chat.   

 

 
Figure 10: remote sharing and control integrating audio and video  

It is important in training in the field of STEM to have a rich 
environment of practical work. Specific expensive software 
may not be accessible to remote learners Figure 11 below shows 
how to access through our platform to virtual machines 
containing specific software to enable the learners to practice.  

 
Figure 11: Remote access to a virtualization server for hands-on labs 

 
 
 
 
 

Figure 12 shows access to the collaborative development 
environment from a browser. The actors can use environment 
and the others can access it and participate in a project under 
eclipse. 
 

 
Figure 12: sharing development environment 
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Figure 13: remote control of a learner's machine  

 
Figure 13 shows a remote control of a learner's machine from a 
teacher through Moodle. The teacher shows the student how to 
use scientific computing software.  
 
 

B. Transfer of large files 
 
This feature allows you to send large files by drag and drop in 
our application. 
The receiver is free to accept or refuse the file sent. In the case 
where the recipient then accepts, the file is downloaded to his 
terminal as shown in Figure 14.  
 

 
Figure 14: file receive 

 

V. CONCLUSION AND PERSPECTIVE 
In this paper, we have proposed a platform that essentially uses 
the MSRP and WebSocket protocols to enable digital university 
stakeholders to improve online labs. This solution allows the 
students of the Virtual University of Senegal who are already 
accustomed to the Moodle platform to be able to collaborate in 
real-time on practical work, as if they were physically together 
through the Moodle platform. It also allows players to exchange 
large files thanks to the flexibility of the MSRP protocol. This 
platform has also been experimented with Mathematics 
students for online tutorials requiring the massive use of 
mathematical symbols. Thanks to its real-time file transfer 
functionality and audio communication, it has enabled language 
teachers to measure the level of reading and pronunciation of 
students. 
The use of the MSRP protocol through the WebSocket has 
enabled our solution to be easily integrated as a plugin into a 
Moodle e-learning platform already familiar to students.  
In our experiments, we used twenty-four students, which 
allowed us to easily manage the quality of service to users. We 
plan to use the Computing Cloud and a load-balancing device 

to manage the scalability, allowing the MOOCs to use our 
solution. 
 

REFERENCES 
 

 
  [1] A. Sharma, "A proposed e-learning system facilitating recommendation  
   using content tagging and student learning styles," 2017 5th National 
   Conference on E-Learning & E-Learning Technologies (ELELTECH),  
   Hyderabad, India, 2017, pp. 1-6. 
[2]  Nite, S.B.; Margaret, M.; Capraro, R.M.; Morgan, J.; Peterson, C.A., 
"Science, technology, engineering and mathematics (STEM) education: A 
longitudinal examination of secondary school intervention,"Frontiers in 
Education Conference (FIE), 2014 IEEE , vol., no., pp.1,7, 22-25 Oct. 2014. 
[3] J. P. López, A. Cerezo, J. M. Menéndez and J. P. Ballesteros, "Usage of 
mobile devices as collaborative tools for education and preparation of official 
exams," 2015 International Symposium on Consumer Electronics (ISCE), 
Madrid, 2015, pp. 1-2. 
[4] Aydin, C.C.; Tirkes, G., "Open source learning management systems in e-
learning and Moodle," Education Engineering (EDUCON), 2010 IEEE , vol., 
no., pp.593,600, 14-16 April 2010 
[5] S. Ouya, A. B. Mbacke, G. Mendy, P. W. Diouf and K. Sy, "Social network 
integration to e-learning environment," 2015 IEEE/ACS 12th International 
Conference of Computer Systems and Applications (AICCSA), Marrakech, 
2015, pp. 1-4. 
[6] S. Ouya, K. Sylla, P. M. D. Faye, M. Y. Sow and C. Lishou, "Impact of 
integrating WebRTC in universities' e-learning platforms," 2015 5th World 
Congress on Information and Communication Technologies (WICT), 
Marrakech, 2015, pp. 13-17. 
[7]  M. I. Santally, R. K. Sungkur, N. Sooltangos, P. Mounier and R. Mira-
Bahadoor, "Flash to HTML5 adaptations: A case-study for 
UpToTen.com," 2016 International Conference on Advances in Computing and 
Communication Engineering (ICACCE), Durban, South Africa, 2016, pp. 375-
380. 
[8] Campbell, B., Ed., Mahy, R., Ed., and C. Jennings, Ed., "The Message 
Session Relay Protocol (MSRP)", RFC 4975, DOI 10.17487/RFC4975, 
September 2007, <https://www.rfc-editor.org/info/rfc4975>. 
[9] V. N. Gridin, G. D. Dmitrevich, V. I. Anisimov and S. A. Vasiliev, 
"Methods of constructing service-oriented computer — Aided circuit design 
systems based on WebSocket Protocol and Oracle database," 2017 IEEE 
Conference of Russian Young Researchers in Electrical and Electronic 
Engineering (EIConRus), St. Petersburg, 2017, pp. 409-412. 
[10] G. Imre and G. Mezei, "Introduction to a WebSocket benchmarking 
infrastructure," 2016 Zooming Innovation in Consumer Electronics 
International Conference (ZINC), Novi Sad, 2016, pp. 84-87. 
[11] W. Elleuch, "Models for multimedia conference between browsers based 
on WebRTC," 2013 IEEE 9th International Conference on Wireless and Mobile 
Computing, Networking and Communications (WiMob), Lyon, 2013, pp. 279-
284. 
[12]  D. Madhuri and P. C. Reddy, "Performance comparison of TCP, UDP and 
SCTP in a wired network," 2016 International Conference on Communication 
and Electronics Systems (ICCES), Coimbatore, 2016, pp. 1-6. 
[13] Campbell, Ben, Rohan Mahy, and Cullen Jennings. The message session 
relay protocol (MSRP). No. RFC 4975. 2007. 
[14] Jennings, Cullen, Rohan Mahy, and Adam Roach. "Relay Extensions for 
the Message Sessions Relay Protocol (MSRP)." (2007). 
[15] H. Yang, H. Lin, J. Li and W. Lei, "The Design and Implementation of an 
Enhanced SIP ALG to Support MSRP Sessions," 2009 Ninth International 
Conference on Hybrid Intelligent Systems, Shenyang, 2009, pp. 289-292. 
[16] Jennings, Cullen, Rohan Mahy, and Adam Roach. "Relay Extensions for 
the Message Sessions Relay Protocol (MSRP)." (2007).  

736

 
 
International Conference on Advanced Communications Technology(ICACT)

ISBN  979-11-88428-00-7 ICACT2018  February 11 ~ 14, 2018



[17] VOZNAK, Miroslav et MACURA, Lukas. Kamailio syntax generator 
and configuration file parser. In: Proceedings of the 15th WSEAS 
International Conference on Computers, WSEAS, Wisconsin, Estados 
Unidos. 2011. p. 308-312. 
[18] H. M. Rissanen, T. Mecklin and M. Opsenica, "Design and 
Implementation of a RESTful IMS API," 2010 6th International Conference 
on Wireless and Mobile Communications, Valencia, 2010, pp. 86-91. 
[19] G. Sykamiotis, A. Charitopoulos, M. Rangoussi and D. Koulouriotis, 
"Extraction and presentation of access and usage data from an e-learning 
platform (moodle): Design and development of a software application," 2017 
IEEE Global Engineering Education Conference (EDUCON), Athens, 2017, 
pp. 1020-1026. 
[20] M. Ivanova, G. Grosseck and C. Holotescu, "Researching data privacy 
models in eLearning," 2015 International Conference on Information 
Technology Based Higher Education and Training (ITHET), Lisbon, 2015, pp. 
1-6. 
 
 
 

!
Khalifa SYLLA is currently a PhD student in Computer 
Science at the Cheikh Anta DIOP University in Dakar. 
Graduate Master of Research in Modeling and Simulation 
Complex Systems, a Computer Engineering Design 
Engineer Diploma from Cheikh Anta Diop University of 
Dakar, he is currently a teacher-researcher, trainee 
assistant at the virtual university of Senegal. 
His research interests include applications and services of 
distance learning platforms. 

 
 
 
 

 
Massamba SECK is currently a PhD student at Computer, 
Network and Telecom Laboratory (LIRT) at University 
Cheikh Anta DIOP of Dakar. 
Holder a Master's degree in Applied Mathematics, a 
Diploma of Aptitude in Secondary Education, a degree in 
Computer Engineering, and a Master's Degree in Computer 
Modeling Research from Cheikh Anta DIOP University of 
Dakar, he is currently assistant lecturer-researcher and 
Director of the IT Resources Center of Alioune DIOP 
University of Bambey. His research interests are in I  

                                 nnovative telecom applications and services for e-learning,   
                                service learning, and community service. 

 
 
 
 

 
Pr. Samuel OUYA is currently the Director of Computer, 
Network and Telecom Laboratory (LIRT) at University 
Cheikh Anta DIOP of Dakar. He was from 2013 to May 
2017 the first Director of Infrastructure and Information 
System of the first virtual university of Senegal (UVS).
Holder of a Thesis in Applied Mathematics from the 
Gaston Berger University of Saint-Louis in Senegal and a 
Telecommunications Thesis from the Cheikh Anta Diop 
University (UCAD) in Dakar-Senegal, he is interested in 
Applications of innovative telecom services to virtual  

                                organizations 
 
 
 
 
 
 

Pr. Gervais MENDY is a researcher-scientist at the 
Polytechnic School of Cheikh Anta DIOP University of 
Dakar where he was head of the IT department from 2012 to 
2016. 
Holder of a PhD in Computer Science from Paris-Sud XI 
University, his research interests are in Computer 
Combinatory, Social Network Analysis, Internet of Things 
(IoT) and IT Security. 
He is a member of the Laboratory of Computer Science, 
Networks and Telecoms (LIRT) of Cheikh Anta Diop 
University of Dakar. 

 
 

 

737

 
 
International Conference on Advanced Communications Technology(ICACT)

ISBN  979-11-88428-00-7 ICACT2018  February 11 ~ 14, 2018




