Copyright © 2002 IFAC
15th Triennial World Congress, Barcelona, Spain

THE MERGIN G TO E-LEARNING IN MOBIL E ROBOTICS

A. Khamis, F. Rodriguez, M. Salichs

Electric Electronics and Contrd Systens Department
Carlosll | University of Madrid
Avda. Universidal 3Q 28911 LeganesSpain
Phone +34916249495
Fax +34916249430
E-mail: {akhanis,urbangsdichs}@ing.uc3m.es

Abstract The evolution o the Interné is ore d the mo$ exciting technological
advance in recen history Ore d the mos interesthg asgcts d this evolution is the
emergene d electront learnirg (e-Learningy as an innovative elucdiond approach.
Robotis educdion provides ax ided seting in which b te$ this nev educaional
approab becaus its flexiblity and its dynamé nature This pape describe the
developmenof a world wide web-basa coursewag in mohile robdaics.
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1. INTRODUCTION

Engineeriy education is m the brirk of a nev era based
on the tebcanmunicaion revolution ard the explosion
in the use bthe Internet This information highway has
mack paticipation in e-Learnig a reaity for anyone E-

Learnng is defin@l as the proces d using ekctronic
technoloy to map tte tradition& teachirg ard learning
adivities in an eductiond process whee the instructor
and the stidents ae geographidly separatedWha is

importart to the understading of e-Learnirg is nd the
evolutin o the hardwae a underlying netwok but the
evoluion o the usag d the Internet and the roke thd it

plays in thelives d users.

Cleary as bandwidt increase ard highe speed
netwolk access reaches usethe® factos play a roke in
use adopion o e-Learning Suth types d systems
provide the accssirg and sarchig far updatel material
and alo increas systen flexibility and availabiity. This
leacs © an expectal growth d paticipation leve in the
educdion praess.

Nowadayg mary contribuions ae presentd in the field
of building e-Learnilg systers in mohile robdics. A
transatlantt virtud laboratoy accessibe via Interne in
the field o Autonomows ard Tele-Operated Systemis
currentlly being developed (IECAT, 2001) A tele-
educdion systen in aerospee arl mechatronis ushg a
virtual laboratoy is al® being developk to buld an
interndaiond virtual mechatronis leboratoy (TEAM,
2001) A virtual laboratoy for mokle oba experiments
has een discissel in (Eliare ard Antonig 2001 to

provide ax access b moble robos infrastructure Perez
et a hawe describé a conmunicatiom archiectue that
alows aces t a nmobile roba from a remote node
(Pérez & al,, 2001). A new CORBA-base&l middleware
for autonomos nohbile robos has ben presentg in
(Enderle & al.,, 2001) Schilling has preseni# a model
desgn far remok nohile robos (Schiling, 2001).

2. DEVELOPMENTI OF A TELE-EDUCATION
SYSTEM

Gatherig requiremens is the fird and the mos critical
st in the developmen pracess d any e-Learning
project It describe whd the systen shoutl do aad what
are the syste requirementsif we ae t creae materials
on-ling the credion ard presentatio o thee materials
shoud be driven from a meth modd of what
engineeriig sudens shoull learr? This is nd a trivial
qguesion. Testirg the queton on some sudents the
mog often repeaté answe is “the basics, followed
closely by “how to sohe poblem$ (Bourne & al,
1996) If time ard resouces dlow, it is recanmende to
cdled the informdion eou the systen need using
more than ore d the fdlowing method discussg in
(IEEE Guide 2001).

There are tw traditiond methodologis thd can be used
to devel® a tele-elucation system.

2.1 Waterfal Methodology

There are map variation on tre waterfal methodology,
but the basic ida is tha the analyss is dore up front,



followed by the design, the implementation, the testing
and, finaly, the deployment (Subrahmanyam, et al.,
2001. This is cdled waterfall methodology because
each phase flows into the nest like a series of waterfalls
as shown in figure 1.

There ae many advantages of this methodology such as
its smplicity and it ensures that nothing will be done
without all the steps before it thus, the team is fully
prepared for each step o the process The weaknesses of
this methodol ogy are the time @mnsuming and the le&k of
the feedback.
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Fig.1 Waterfall Methodology

2.2 Rational Unified Process(RUP)

This process differs from the waterfall methodology in
that it credes a very clear set of deliverables for each
phase of the processas shown in figure 2. In many ways,
RUP is one of the most detailed methodologies
available, and helps the team through every step o the
way (Rational, 2001).

The Inception Phase

The purposes of this phase ae to establish the business
case for the system and to spedfy the projed scope. In
order to accomplish this, al external entities with which
the system will interact (actors) are identified and the
nature of this interaction is defined at a high level (use
cases). The business case includes siccess criteria, risk
asssgnent, an estimate of the resources reguired and a
phase plan.

The Elaboration Phase

The purposes of the daboration phase ae to analyze the
problem domain, establish an architedura foundation,
develop the project plan, and to eliminate the highest risk
elements of the projed. During this phase scenario and
class diagrams are created and matured. Objects and
clases are discovered by examining the use @ses
developed duing the inception phase. Scenarios
(instances of a use @se) are developed and gaphicdly
depicted in sequence diagrams. Objeds in the scenarios
are identified and grouped into classes. Classs are then

grouped into packages.
The Construction Phase

The purpose of this phase is to develop a software
product, which is ready to be introduced into the user
community. The product is evolved as a series of
iterations.

The Transition Phase

The purpose of the trangtion phase is to deploy the
software product into the user community and train the
users. This phase typically starts with a beta release of
the software product to sdeded users. Typicaly
problems are discovered in the bets release and correded
in subsequent beta releases. After the beta period is
complete, the product is released to the omnunity.
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Fig.2 RUP Methodol ogy

Each phase in the development process can be further
broken down into iterations. An iteration is a complete
development loop resulting in arelease of an exeautable
product, a subset of thefina product under development,
which grows incrementally from iteration to iteration to
beacomethe final system.

RUP is designed and structured aroundthe Web, making
it a goad choice for Web applicaion. Moreover, it is
well defined yet flexible, making it easy to adopt even
when unfamiliar with the process But this methodol ogy
is complex and many people find it overwhelming to use
regardlessof the support available.

3. CASE STUDY

Robotics education provides an ided fidd for
teleaducation systems because its flexibility. Unlike
traditional fields, robdics is gill an emerging area
Relatively few programs exist a the graduate level, and
even fewer exist at the undergraduate level. The murses
in existence ae still new and are open to rapid change
and new approaches. Course goals can change from year
to year as new technologies and theories are introduced
into the field a large To develop a reliable and
extensble achitedure, we will follow the RUP
methodol ogy mentioned ealier.

3.1 BusinessGoals and Needs

We build this gystem to be an innovative elucational
tod, which can be used to degoen and apply the leaned
systematic knowledge of mobil e robaics via Web.

3.2 Definitions of Actors

The foll owing actors will interact with the system being
devel oped:

= Student... someone who isregistered to take a tutoring
tour.



= Tutor... someone who is licensed to assst students
during the tutoring process

= Author... someone who has a wide knowledge in
mobile robaics and who is cgpable eough to prepare
and design the tutoring tour.

» Administrator... someone who is responsible to
adminigtrate the system.

3.3 Definition of Use Cases

A use @se is a narrative document that describes the
sequence of events of an actor using the system to
complete a process (Jacobson, 1992). They are stories or
cases of using a sysem. Use @ses are not exactly
requirements or functional spedfication, but they
illugrate and imply requirements in the stories they tell.
The use @se model is esentia for both the user, who
nedls to validate that the system will become what he
expeded, and for the developers, who need the modd to
get a better understanding of the requirements on the
system. This model is relevant to al people involved in
the projed. The following use @ses are daborated for
each actor:

= Student:

- Register for tutoring tours.

- Seled tour to enter from demonstration, guided and
freetutoring tours.

- Communicae with the tutor or with other student
synchronously or asynchronously.

= Tutor:

- Communicae with sudent
asynchronousdly.

- Evaluate online graded test.

- Download materials.

= Author

synchronously  or

- Addnew tutoring tour.

- Modify tours.

- Déeetetour.

- Communicdae with other author or tutor.

Administrator

- Add user/user group.

- Remove user/user group.
- Modify entity.

- Statigticd analysis.

- System evaluation.

3.4 Drawing a Use Case Diagram

In the use @se diagram, actors are shown as stickmen
and use @ses are shown as ovals. The overdl use @ase
diagram isshowninfigure 3

Authoring Process

It enables mobile robots experts to define, modify or

remove their own tutoring processes. This process has

the foll owing requirements:

- Authors on every platform should be able to use the
system;

- Authors should be able to telewllaborate with others
authors to exchange and improve authoring methods;
Authors from everywhere should be able to use the

system; several experts should be able to use the
system at atime.

Tutoring Process

It presents the tutoring tour to a student and let him
navigate it in order to lean cetain mohil e robotics facts.
This processdemands the foll owing:

- Students and tutors from everywhere should be able to
use the system;

- Students and tutors on every platform should ke able to
useit;

- Students dould be able to telewllaborate with other
students by using new media to improve the leaning
effed:

- Students swould be supported by automatically
generated feedback, information pages, tips and
explanations.
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Fig.3 Use Case Diagram

3.5 System Overview

To olktain maximum level of portability, an important
design cedsion was that all interactions with the
proposed system could be accomplished with only a
Web-browser as an interface no additional software or
plugins dould be nealed for the use of the system.
This system will cover different theoreticd and
experimental issues of mohile robdics. Figure 4 depicts
the used architedure to implement the dired control
experiment.
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Fig. 4 Architedure of the Dired Control Experiment

User requests are ecaved by Java gplets and then sent
to the @rresponding Java serviet. The cmmunication
between the servlet and the remote robd server is done
via the Objed Request Broker (ORB) of the Common
Objed Request Broker Architedure (CORBA) wherethe



Java servlet actsas a dient to aremote ohjed server. The
ORB provides the @mmunicaion via the unified
interface language Interface Definition Language (IDL)
and based on the Internet Inter-ORB protocal (11 OP).

3.6 Web Ste Sructuring

Figure 5 shows the suggested Web site structure for the
teleaducation system to be developed. This sructure
combines of the “look and fell” of the pages in a Web-
based educational system and the navigation paths the
vistor can take through the site. It actudly supports
multiple presentation structures (hierarchicd, sequential
and hypermedia).
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Fig. 5 Web Site Structure

3.7 System's Courseware

Three tutoring tours can be presented to the student to
degpen and apply the leaned systematic knowledge of
mobile robaics. They are classfied according to the
guidance level into fully guided tour or demonstration
tour, guided tour and free tour. By using these tours,
student can lean dfferent theoreticd and experimental
isaues of mohil e robots.

3.8 Live Performance Lab

The oncept of virtual laboratories has been proposed in
the epert meding on virtual laboratories. It has been
defined as an eedronic workspace for distance
collaboration and experimentation in reseach or other
creative activity, to generate and deiver results using
distributed information and communication technologies
(I TAP, 1999).

The virtual laboratory provides a live performance
laboratory accessble via Internet, which can be used to
cover the experimental isues in any Web-based
education system.

A dired control experiment has been developed in the
proposed system to familiarize students with the mobile
robad motion control and positioning. By using the
applet shown in figure 6, the user can use the mouse to
control theroba motion.

Another experiment has been introduced as own in
figure 7. The obective of this experiment is the
environment perception using multisensor data (sonar
and laser). After finishing the experiment steps, the user

can have accumulated sensorid data @out the
environment as shown in figures 7.

From these results, the user can easly predict the
obstacles zones and s/he can draw the environment map
from the sensorial data. The out of range unpredicted
values in bath sonar and laser readings are due to
exisence of some transparent objects in the lab as
windows or firebax or due to the sharp edgesrefledions.
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Fig.7 Environment Perception Experiment

4. CONCLUSION

E-Learning presents the evolution of the usage of the
Internet, and the role that it plays in the lives of users.
Clealy as bandwidth increases and higher spedl
network accessreaches users, these factors play arolein
user adoption of elLearning. Robotics education
provides an ideal fidd for e-Leaning systems because
its flexibility. Unlike traditional fields, robdicsis dill an
emerging area Relatively few programs exist a the
graduate level, and even fewer exist at the undergraduate
level. The @mursesin existence ae still new and are open
to rapid change axd new approaches. Course goals can
change from year to year as new tedhnologies and
theories areintroduced into the field at large.
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