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Higher Institutes of Technological Studies in India promote Intensive Technology Based Education. The lessons are 
mainly based on practical work engaging 60% of the student total work  load that includes lectures and tutorials. In 
this context, due to the increasing high number of various laboratory toards to design and implement, after our 
e x p e r i m e n t s ,  w e  n o w  b e l i e v e  t h a t  o n l i n e  l a b o r a t o r y  c o n c e p t  i s  a n  a s s e t  f o r  I S E T.
In this paper, we present our way of modelling online laboratories based from an analysis of the patterns of 
achievement of classroom based laboratory work that we are calling her “presential”. The e-learning environment 
used for our experimental model is called ECLATE a French acronym meaning “Laboratory and Course 
Environment with Education Technology”, which on purpose, we revised to take into account the recommendations 
of both theoretical (models) and the latest Web technologies such as service oriented Web 2.0 and Mashups as well 
as norms and standards of e-learning that prevails nowadays. In order to test our proposed model, we are showing 
how we implemented some remote laboratory activities based on a digital signal analysis kit (DSP KIT). In fact, 
within the framework of a given learning scenario, the implemented model allows students to write, load, execute 
and analyze codes to the remote device.

Keywords: Online laboratory; Engineering remote laboratory, Collaborative environment, Web-Based Laboratory 
experiments

ABSTRACT

INTRODUCTION
Since their emergence in 1995, the Higher Institutes of 
Technology Studies (ISET) didn't stop evolving both in 
number (24 ISET and two others currently projected 
for the year 2009)and in size (between 3 and 13 
department by ISET). Their technological nature gave 
them an opportunity to focus on practical work 
learning with a rate of 60% compared to the hourly 
amount of integrated courses. Now, several ISET are 
equipped with educational materials having a high 
technological value. In addition, the relatively high 
cost of such equipment did not allow its distribution 
throughout the ISET network. It is obvious that a 
solution for sharing its resources would be highly 
recommended, especially as India has witnessed the 
birth of a bold experiment in January 2002 based on the 
Virtual University of Tunis (UVT), which currently 
hosts more than 320 courses and serves more than 7200 
students (much of them emanates from the ISET 
network). Some UVT modules offer laboratory 
work(LW) as a software simulation form (experience 

in chemistry or physics), however, LW using online 
learning models still need attention. 

ONLINE LABORATORY EXPERIENCE ON DSP
An application that will illustrate our approach is a LW 
on programming a Digital Signal Processor (DSP). The 
activity is to take DSP programming model kit model, 
to connect an operative device such as a stepper motor 
or a digital phone keyboard.  Then the whole program 
can be tested using a computer connected to the Kit. 
The real challenge now is how one might view this 
resource from distant place and then share it with 
multiple users. We solved of this need using some 

TM[1]functionalities provided by an industrial Lab VIEW . 
This environment has the advantage to publish all 
developed program on the web, so we can easily access 
our DSP kit via the Internet. The standardization used 
in Lab VIEW to aggregate electrical equipments made 
him a good choice to perform several applications to 
implement online laboratories.
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For the DSP, we were  therefore  called upon to write a 
driver for communication between the Kit and Lab 
VIEW software. This was  made by writing a set of 
reusable libraries.

This will result in the possibility of indexing libraries in 
[2]special database, in the form of ontology , depending 

on their uses (we must take into account the diversity of 
the DSP Kits).

Figure 1.0 (a) The DSP kit with stepper motor application
Figure 1.0 (b) The DSP Kit connected with a PC of command (executing Lab VIEW environment and the 
application of a stepper motor control

This environment is integrated in a macro-environment 
that offers some specific properties:

 Managing a  set of online laboratories platform
 Manage access to critical resources 
 Manage views (student view, tutor teacher 

view, designer teacher view …) and their 
respective access rights 

In the next paragraph, we explain how we implement 
this solution.

THE EXPERIENCE OF ECLATE PLATFORM 
WITH IN THE INDIAN CONTEXT 
In order to make it more effective, we add some 
features  to ECLATE, a Remote Educational 
Laboratory platform (Environment de Course et de 
Laboratories  Assisted par la Technologies de 
l'Enseignement) first developed at Lab @DER 

[3](Laboratory at Distance for Education and Research)  
.We have used Mashups technologies to implement a 
number of functionalities we had in our previous 

[4-9]
research work  , when the users access ECLATE web 

site, based on each one's role, they see, in a transparent 
manner, information retrieved from multiple web sites. 
Each one of the later has a specific function such as 
Authentification web site, Online Laboratory 
Instrument Interface web site in context with the 
session, Scenario and Interface Repository site and 
relative tools. Such architecture provides more  
flexible way to implement a variety of online LW. The 
user can switch from a laboratory to another easily. The 
tutoring activity becomes easy too for the teacher so 
that he/she can follow synchronously students doing 
their laboratories. The technology used here was mixed 
between two concepts. A rich AJAX based technology 
GUI interface with low bandwidth consuming and a 
We b  s e r v i c e s  a p p r o a c h  f o r  e s t a b l i s h i n g 
communication between the servers with a high level 
efficiency. Using of AJAX technology in the client side 
made the human machine interface more intuitive and 
ameliorates the overall  performance of the 
environment.
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Figure 2 : ECLATE architecture using multiple specific servers and a web service based on SOAP specification

The communication between the servers was made by 
the SOAP web service. We built this web service to 
return a list of files related to the student, created and 
stored on the server.
In our case, we have several SOAP servers residing in a 
single web server. Each server SOAP references list of 
files created by each student. By this architecture, we 
can manage easily the student documents. The main 
language used to develop ECLATE was the PHP, so no 
need to complicate the development by using other 
language, therefore we decided to preserve this PHP 
thin client advantage and we have implemented SOAP 
service.

Among the possibilities offered in this new version of 
ECLATE, the ability to automatically load the 
necessary documents for a LW and the possibility to 
have three types of documents for a particular LW 
(Theoretical, technical and the demanded tasks).All 
these features and this architecture have allowed us to 
validate a model for online laboratory work. In fact, we 
have started with an attendance Lab Work modelling 
and attempt to model an online lab work activities.

Typology of an attendance LW
[10]Generally, a collective learning situation  may belong 

to one of the following types: 
1. The situation - a problem
2. The debate
3. The project
4. The resolution of problem
5. The  case study.
6. The critical analysis
7. The cyber-survey
8. Exercises

ALW of automation or DSP programming is a situation 
which could well take one of the forms presented 
below, but the practical side, consisting of the 
manipulation of physical objects constituents the 
operative part and the programming component of the 
party command to the inside a laboratory designed for 
that purpose in order to observe behaviour, produce an 
effect, assimilate theoretical concepts with tests / 
errors, or complete a project, promotes rather types   
1,3,4,5,8. 
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Cycle of an attendance LW
It is  divided into three phases (Figure 1): 

 A preparation phase (outside laboratory). It 
consists of two stages: 

o Theoretical Stages TS: the student 
made a thorough reading of the record 
of LW exhibitor: the definition of LW, 
the objectives of LW, the means used 
for the creation of LW and the scale of 
assessments associated with detailed 
LW. 

o  Practical steps PS: The student is 
preparing its manipulation. This step 
may give rise to: physical manipulation 
around the functional chains such as 
wiring, for example. 

 The LW meeting itself (three hours). It usually 
starts with a reminder of the objectives of LW 

and presentation of the equipment. 
In the context of the Automation LW, the student is 
asked to: 

[11]
 Develop a grafcet  according to a 

system viewpoint to develop a grafcet 
operative part (OP) and then a grafcet 
for the control part (CP). 

 Program a PLC (Programmable Logic 
Controller) or DSP with CP grafcet. 

 Validate the behaviour of the operative 
part vis-à-vis all or part of CP grafcet. 

 The redaction of the report of the lab.
At the completion of these three tasks the student 
encounters difficulties of different origin: 

 Problems related to automated systems 
such as: identification of input and output of 
the system 

 

P.S. 
(Practical Stage) 

Manipulation  Report 

 
T.S. 

(T heoretical Stage) 

OutsiderLab. Inside Lab 

Preparation Phase
 

OutsiderLab.

Figure 3: a LW life cycle

 Problems related to the operative part as: 
Identifying an actuator and its power 
interface or identification of the nature of 
the information input of a sensor. 

 Problems related to command as part: The 
identification of sequences (alternatives, 
repetitive, parallel etc.) or the realization of 
a truth table of a logical function associated 
with a receptivity or a conditional order. 

 Problems related to dialogue "operator - 
part" which can be summarized in 
identifying constituents of dialogue and an 
indication of their function. 

 Problems related to the implementation of 
automated systems such as connecting  of  
an actuator, or a sensor with a PLC I/O 
module or a Entering a programmable 

while constituting or part of GRAFCET or 
validation of the observed behaviour 
related to all or part of GRAFCET 

 A phase of drafting an account (excluding 
LW).

Description of an attendance LW
A LW in attendance is generally characterized by the 
three dimensions:

Hardware Dimension: In the laboratory work classics 
practices, we can distinguish three types of system 
according to their similarity to real industrial systems: 
Didactical, realistic or real systems. Using one of these 
system categories depends mostly on educational 
objectives and the economic factor.
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Figure 4: model of practical teaching 

Communication dimension:
Information flows are easy given the closeness 
between students, instructors and (optional) 
technicians. There are two types of communication:  

 During the LW(instructor-student- technician) 
and  

 Outside the LW: reports (instructor-students) 
and design (instructor-author-technician)

Educative Dimension: 
The set of the rules to be hold according to pedagogical 
concept or administrative constraints.It is very useful 
to identify in this model the steps involved in the design 
and evaluation of the activity of a classic LW. A simple 
model of the process of implementing a practical 
teaching is presented in Figure 4.

The advantages of online laboratory
An activity of online practical work means a classic 
LW (you can find in a school or an engineering school), 
which was eventually changed but more importantly 

 [7]expanded to be attained remotely (via Internet) . The 
immediate benefits of online LW derived from the 
limitations of this type of activities in a classical 
context which are: 

The time:
The time slots are limited in time and job rotations. 
LWs (due to the low number of systems available 
compared to the number of students) may not take 
place in the most appropriate order for certain groups. 
In addition, the constraints of timetables mean that 
some LW comes before the course

Documentation: 
The subject is given (latest) at the meeting and is 
sometimes unavailable outside of the meetings of LW. 

The equipment: 
Some LWs require heavy equipment and expensive 
that you cannot duplicate (robotics, engineering, etc.). 
However, other types of benefits attached to the 
computer aspect of online LW may be made by the 
availability of a computer next to the platform TP: 

 Contextual Online Help 
 Simulation and Mathematical Tools, 
 Recording experimental data, 
 (in part) Automated Marking
 Laboratory management: preparation of program, 
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Co-simulation
The automatic aim is   to solve the problem of the 
command systems. Usually, there are two types of 
systems: the continuous systems and systems for 
discrete events. The simulation is complementary with 
the actual experiment. Generally, they are essential if 
the simulated system is not accessible by students: lack 
of resources, processes destructive… The simulators 
are widely used in industry because they help to 
validate the command party, to study its behaviour 
related to failures of the operative part, and optimize 
cycle time. Two types of simulator exist: simulators of 
command party, that avoid the use of PLC, and the 
operative part simulators, which are based on an 
original model, but relatively abstract of the production 
system. However, in practical work, mostly students 
schedule industrial PLC, a DSP or micro-controller and 
test their applications through a model or a default of a 
box to simulate the buttons' state sensors. It is obvious 
that in this case, the use of simulated models for 
training is a very interesting. The simulation is an 
essential tool for automation. However, the simulation 
cannot and should not completely replace the practice. 
Another approach, which seems very promising, is to 
allow the student to schedule a remote PLC, while 
having a simulated 3D operative party on his 
workstation. This implies to integrate two classes of 
activity: the activities of "real laboratory" (in our case 
programming commands component) and the "virtual 
laboratory" (simulation of the operative part). The 
main objective of our experiment was to achieve an 
online LW which underlines these concepts.

The   4 dimensions of online LW
There are four dimensions in the online laboratory:

 Online manipulation dimension: here we must 
enhance the HMI development (rich interfaces, 
2D, 3D, AJAX…)

 Educative dimension: the same with attended 
LW, but here we use method to create and 
execute a pedagogic scenario for students (it 
becomes more interested if the LW must be 
done on collaborative way). We can have two 
type of scenario:

o Scenario created by teachers and 
executed by students

o Uses of scenario modelling method 
like:

 ATRIUM method [12]
 Editing learning scenario (IMS-

L D ,  o n t o l o g i e s ,  W e b 
services…)

 Communication dimension: here we study the 
Data flow between :

o Student - student
o Student – teacher tutor
o Teacher designer- teacher tutor 
o teacher designer – technician

 Management dimension :
o Scheduling online LW sessions
o Security management and access 

control
o preparation of resources and necessary 

right access to create new LW

CONCLUSION
These experiences that we have presented in this paper, 
allow us to understand the behaviour of the student and 
the teacher in a collaborative co-simulation 
environment. We hope that such platform can be used 
in Indian university to allow, for some regions, the 
facility to access expensive materials. However online 
laboratory is not a simple extension of a classical LW, 
or a remote access to a shared component, but it is 
really a new approach of pedagogic learning and it can 
help us break down barriers between classes, assisted 
works and laboratory works. All the technologies used 
in this work is well selected to perform an optimal use 
of the Internet and PC resources.
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