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RESOURCE MANAGEMENT STRATEGIESFOR REMOTE VIRTUAL
LABORATORY EXPERIMENTATION
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Abstract - This paper presents a software system for
resource management designed for remote virtual
laboratory experimentation. This resource management
system is part of a joint effort called SynchroMédia
involving researchers from INRS (Institut National de
Recherche Scientifique), UQAM (Université du Québec a
Montréal), TELUQ (TéléUniversité), ETI (Ecole de
Technologie de I'Information) and ETS (Ecole de
Technologie Supérieure), educational and research
institutes, to integrate new multimedia technologies in
postsecondary teaching methodology. Besides traditional
videoconferencing and data sharing, a special emphasisis
given to virtual laboratories where students can perform
experimentation remotely using either Local Area Network
(LAN), Wide Area Network (WAN) or standard Internet and
Intranet communication links. A distributed resource
management system is being proposed to simplify the tasks
involved in the preparation and execution of remote
laboratory experimentation.

Index terms- Laboratory innovations, Teamwork, Learning
Environment, Computer-aided remote data acquisition
systems.

INTRODUCTION

The remote and virtua laboratory team of the SynchroMédia
project ams at perfecting avirtua laboratory concept [1] & [2] that
integrates in a coherent way a whole gamut of cgpabilities able to
support engineering laboratories, even from a remote Ste. These
capahilities will be developed by making use of the possbilities
offered by Internet. Thisinitiative aims at filling the ggp in the fidd
of training for those living in remote areas, snce presently this
gpproach utilizes mainly the transmission of text or televisud
images, video tedeconferencing or Internet text-images, without
offering atrue interactive goproach in engineering training. The key
eements of a laboratory are based on smulation, manipulation,
access to measurement and query devices, sharing resources and
exchanging data, collaboration, and technical support for
experimental  procedures, as wdl as the required tools and
capabilities.

The main motivation for virtua experimentetion is that it
fecilitates resource sharing among the participating ingtitutions.

Also, it enables students to access these resources regardless of
their geographicd location. The main motivation for virtua
laboratory experimentation is that it facilitates resource sharing
among the participating ingtitutions. Also, it enables students to
access these resources regardless of their geographica location.
However, virtua laboratories can be very difficult to manage
especidly when they involve hardware and software resources from
different indtitutions. Student management can aso be a problem.
Since nat dl academic indtitutions share the same curriculum, the
student profile can vary greatly among ingitutions. A distributed
resource management system is being proposed to smplify the
tasks involved in the preparation and execution of remote
laboratory experimentation. This distributed management system
contains a hierarchica resource dlocation module where hardware
and software resources are grouped together according to their
characterigtics and functions. A heurigtic scheme is then used to
alocate these resources. Class tutors are responsible for requesting
these resources. A successful request is granted by the management
system if there are no scheduling conflicts. However, when resource
contention arises, the management system may offer "replacement
resources’. These replacement resources are guiddines for class
tutors and offer aternatives to resolve the problem.

THE ARCHITECTURE OF THE VIRTUAL
LABORATORY

The virtua laboratory is based on a client-server architecture
that makes the exchange of data between heterogeneous systems
possible. This architecture is capable of integrating basic tools and
capabilitiesin the form of entities that can be easly transmitted to
users in remote aress. One can utilize a platform such as Internet
that will act as an interface between the client and the server. Using
processes such as “multi-threading” will be essentid for pardld
operations. The virtua laboratory proposed is based on the
following architecture shown in Figure 1.
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Figure 1 Client-Server Remote L aboratory Architecture

The dlient, who in this case is the learner or student, will have
access to laboratory instruments via Internet. Thanks to this
laboratory, a group made up of severa students will be able to
participate in a laboratory sesson. Tutors and instructors will
manage and supervise these groups.

A TYPICAL ENGINEERING VIRTUAL AND REMOTE
LABORATORY CONCEPT

The virtua and remote laboratory as gpplied to engineering should

alow learnersto execute the following tasks:

- cary out experiments by interacting with instruments;

- come up with results derived from simulation experiments by
using digitd modes,

- anadyze smulation results obtained and present them in a
laboratory report;

- take measurements or execute control operations va user-
friendly software interfaces and tools alowing for interaction;

- have accessfrom aremate Ste, vialnternet, to atutor in regard
to resources and pedagogicd or technical assstance for
experiments to be carried out;

- share data and applications with other learners located at
various sites,

- utilize video teleconferencing for laboratory operations.

This virtua and remote laboratory concept demondrates how
various learners who are geographicaly digoersad can have access
to resources avalable a severd remote Stes. In this case, it will
therefore be possible to count on access to materia, software and
human resources in order to carry out experiments that would
otherwise be impossble in a loca context. The learner can,
depending on his field of study, carry out experiments on how an
elevator works, in order to also understand models that alow for
related Smulation and interaction between the control parameters.
The same applies for experiments on how a robot works. These
experiments are carried out in collaboration with al members of a
team set up within the framework of laboratory sessons.
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RESOURCE M ANAGEMENT FOR LABORATORY
SESSIONS

The virtua laboratory system includes not only learners, but also
tutors for various tutorials as well as amanager. Each of the actors
has a wedl-defined role. The most important role is that
encompassing the organization of laboratory sessons. Thisrole is
left to the discretion of the tutors who, based on materia, software
and human (teacher) resources, proceed according to heurigtic
methods suitable to the organization of |aboratory sessions. Tutors
should therefore establish scenarios while keeping severd aspectsin
mind, such as.

generd informetion aimed & determining:
the approximate duration of the sesson
team size
the title of the course linked to the laboratory
50N
assigning rolesto learners during alaboratory session
the date and time of the laboratory experiment
the name of the person in charge of the laboratory
*sson
defining the materia resources needed to carry out
the experiments for |aboratory sessions

- Prerequidte knowledge is essentid before carrying out the
operations for the laboratory session, for thus, students are
able to take stock of what is necessary and indispensable to
execute various tasks. We foresee that for future versons of
this prototype, an intelligent advisor taking into account the
user-expertise modding will beimplemented.

- Theoretica aspects rdaed to holding a laboratory session
should be kept in mind. We have used the learning systems
engineering method (MISA) [3] developed a the Centre de
recherche LICEF [4]. MISA is based on a design goproach
induding four man lines namey leaning objects a
pedagogicd mode, a media modd and delivery modd. Each
segment is modeled separately, and the representation
facilitates linking the four models. The domain knowledgefor a
given tutorid is represented using the MOT software
(acronym for Modédisation par Objets Typés), that is,
Object-oriented Modeling Tool, developed a LICEF [4]. A
detailed description of MISA and MOT is beyond the scope
of this paper. Figures 2 and 3 show how we have used themin
our case of amechatronic course laboratory project.

- One can see in Figure 3 that tasks to be completed and the
required tools to achieve them should be clearly specified, asis
the case for the experiment on fundamentas of operationa
amplifiersto be carried out.

- Once the experiment is completed, one must then anayze
results and present them in alaboratary report document.

- Tools facilitating communication, such as “chat” sessions and
E-mail, will aso be essentia for completing tasks in aremote
virtua laboratory.
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With these criteriain mind, one can organize alaboratory sessonin
the same way asfor agiven locd laboratory.
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Figure 2 Knowledge Modé for theFirst Level of a
M echatronics Course
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Figure 3 Pedagogical Model: Team 2 Operationsand Links
with Team 1

INTERFACESFOR A REMOTE AND VIRTUAL
LABORATORY

. Here we will be focussing on the various interfaces thet alow dll
other users (learners or students, tutors, teachers, researchers and
manager) of the remote laboratory system to have access to and to
execute vaious operations. namey, interfaces for sudents,
researchers, teechers and the manager and findly the interface
located on the Home Page when eech of the actors involved in the
remote |aboratory opens the Main Page.

Home Page I nterface

Asin most other instances of thisremote learning system, the Main
Page of the remote laboratory will be as shown in Figure 4. Student,
Teacher and Manager Menuswill dlow dl thoseinvolved to have
accessto their own submenus.
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Télé-L_aboratoires
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Figure 4 Home Page I nterface

Student Interface:

As soon as the student opens the Main Page Menu, he can eesily
have access to various sub interfaces that et him participate in al
operations in which he is enrolled. Access to these sub interfaces
takes place in the following way:

- Once the Student Menu is sdlected, the student sees the login
interface. It lets the student vaidate his persona ID number
and password, thus giving him access to the student virtua
space hosted by a computer on the network.

This virtua space interface contains data on the student, that is, his

persond data file, as well as the tutorials and labs he is authorized

to participate in. The interface is dso made up of various menus,
induding:

- A Tasks Menu alows the student to participate in Drill &
Practice and Lab sessons. The Practice Menu lets him enroll,
cance or execute labs. This menu dso gives him access to
other sub interfaces, namely:

- AnEnradlment sub interface (Figure 5)

TheEnrollment sub interface
Enrollment sub interface indludes the following menus:

A schedule that lets the user choose from among various Drill
& Practice sessons

The deate that indicates the enrollment dete for Drill & Practice
sessions

A sub interface that lets each student belonging to a group
enroll. Given that for each Lab sesson, only one student is
required to handle a piece of equipment depending on the
learning scenario, there is a Handler Menu where this choice
can be entered and findly, there are Confirmation and
Cancedllation buttons in regard to various Lab sessions. These
Confirmation buttons give access to the Confirmation or
Cancellation sub interface.
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Figure5 The Enrollment I nterface

The Execution submenu lets sudents complete full lab
assignments collaboratively. The execution of these Lab sessionsis
done within an environment made up of various menusthat provide
the option to send E-mail messages, to participate in video
teleconferencing or in discusson groups with other members of the
lab team as wdl as with teacherswho, in turn, can follow the work
in progress and intervene as needed.

Asfor the Drill & Practice Menu, the student can complete Drill
and Practice exercisesin order to better grasp the theoretical content
of the tutorids he's enrolled in. At the bottom of the interface seen
on the screen, there are buttons that control dl options described in
this menu.

0-7803-6424-4/00/$10.00 © 2000 | EEE

Session T1D

Interfacefor Teachers, Tutorsor Researchers

Asisthe case for the sudent’s interface, the interface for teechers,
tutors or researchers is based on the same architecture. Access to
the system is obtained through an interface where teachers, tutors
or researchers enter their personal 1D number, then their password.
Once this information is validated, an interface appears, giving the
persond user data This interface lets teechers visudize their
students at work, the tutorias and lab sessions they co-ordinate.
The teacher can in fact update deta and modify certain aspects of
the tutorials via menus and buttons. The Connexions Menu letsthe
teacher disconnect from the system. The Tasks Menu lets teachers
add, supervise or ddlete tutorids, drill & practice sessons or lab
sessions, as desired. Lagtly, the Option Menu alows teachers to
modify their persona datafile.

TheManager Interface

The manager controls dl the system operations & the server levd,
S0 thisroleis very important in avirtual laboratory. Thus, in order
to enhance dl the manager's activities, we have proposed an
interface as shown in Figure 6. This interface Es the maneger
manage student and teecher persond datafiles, that is, add, modify
or delete the names of students and teachers from the list of users
of the remote laboratory. Via this interface, the manager can dso
meke data backups and generate reportson al  users of the remote
laboratory or give apriority to atask to be carried out by ateam or
any other participant according to the learning scenario.

THE CHALLENGESAND FUTURE WORKS

In order to redize the Virtud and Remote Laboratory resource
management  objectives  mentioned aove, the fallowing
technologica considerations should be taken into account:
1. Automating a generic way of mapping a given learning
scenario to the management Strategy.
2. Adding a didributed intelligent laboratory advisor.
Handling multi-user collaborative paralel sessons.

CONCLUSION

We have presented how to get around a remote and virtud
laboratory to show that careful attention should be paid when
thinking of riding a true collaborative virtua and remote laboratory
involving interdisciplinary knowledge and skills. Operationd
research findings and Knowledge Based System gpproaches are
then useful to improve the remote lab concept.
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Figure 6 TheManager Interface
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