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Abstract

This short reportsummarizesthe contribution of the project: Java for teaching
andresearch. A websitehasbeencreatedto allow interesteduserto downloadthe
materialproducesduringtheproject.Thesiteis reachableat

http://lcavwww.epfl.ch/ balmelli/java.

Also, the site containsa seriesof web-basedpresentationfor internationalcon-
ferencesandworkshop.A CD-ROM containingthe full projectandthewebsite
is availableon demandat the laboratory. The reportgivesan introductionto the
projectandgoal. We explain our motivationandgive our approachto theprob-
lem. We maincontribution in teaching,aswell asin researcharethenpresented.



1 Introduction

Most lecturestoday takes placewith teacherand studentslocatedin the same
room. The teacherwrites on a blackboardor usesslideswhile lecturing the s-
tudents. In recentyearsnew trendshave appearedunder the term ”Computer
Aided Learning” (CAL), andEPFL featuresa lab (LEAO) which specializesin
this researchtopic. Generallyspeaking,theWorld-Wide-Web is a mostefficient
mediumfor thedistributionof didacticmaterial,andWebbrowsersoffer awealth
of video andaudiocapabilitieswhich canbe very effectively employed to this
aim. A Webbrowsercanbecomeanelectronicblackboard,ontowhich students
canview coursenoteswhile listening to the teacher’s comments.Studentscan
”navigate” throughthecourseby redoingsomeportionsnot well understood,as
in normalCAL. The mostobviousadvantagesof relying on a web browserare:
No specialprogramsto setup,sincestudentsusesthesameWWW browserthey
alreadyusefor otherpurposesConnectionscapabilitiesfrom virtually anywhere

Figure1: Creationof adigital signalusingtheLCAV signalprocessinglibrary.

Coursesarealwaysup-to-dateasthey arefetchedfrom thenetwork. TheWWW
alreadyis a mostvaluabletool to complementstandardteaching.On-linepapers
andcourseoutlinescompletewith HTML slidesarecurrentlyavailableat most
universityWeb servers. Althoughnumberof successeshave beenachieved,and
someprofessorsdo useWeb-basedCAL for someportionsof their courses,the
greatmajority of themstill relieson thegoodold methodof the realclassroom.
We think that thereareseveralreasonfor this: themethodsandsoftwareneeded
to useCAL arenot alwaysuser-friendly andrequirea considerableefforts on the
part of the teacherin orderto yield goodresults;the student-teacherinteraction
thesemethodsallow is usuallylessthanin a normallaboratorysetting,and,fur-



thermore,Internettraffic canat timesposeaseriousdelayproblemwhenit comes
to repeatedlydownloadingextensiveamountsof data.

2 Using Java in research and teaching

The Java programminglanguageoffers a numberof advantageousimprovement
to thisscenario.Java-basedvirtual labsprovideahomogeneousframework for the
developmentof classdemos,they rely onthecomputingresourcesof thestudent’s
workstation,they provide real andimmediateinteractionwith theuser, andthey
donotrequireslow andfrequentconnectionsto aserver. In orderto appreciatethe
furtheradvantagesof a Java-basedapproachto on-line teachingonehasto think
of thepossibleintegrationof theseresourceswith othercommontoolswhich are
currentlyusedin a didacticframework. Oneof themostwidely employed tools
is for instanceMatlab; theMatlabprogramminglanguageandits setof general-
purposegraphicaluserfunctionsprovideanextremelyusefulenvironmentfor the
developmentof illustrative examplesof the materialwhich, in the classroom,is
necessarilytaughtundera mostly theoreticalpoint of view. By meansof ”play-
ing” with theseexamplesthestudentscanobtaina morevivid feel for theactual
significanceof mostalgorithmsandtechniqueswhich arethe backboneof most

Figure2: Coursesupportappletfor thez-transformof adigital filter.

engineeringdisciplines.This is all themoretrueandimportantfor a subjectlike



digital signalprocessing.DSPis indeedemergingasamoregeneral-orientedand
basicsubjectin all engineeringcourses,takingwhatup to now hasbeentherole
of classiccircuit theory. In this view, it is importantthat DSPteachingassume
a lessabstractformulation in order to provide a “hands-on”feeling to the stu-
dents.Oneof thebestwaysto achieve this is to make availablea setof building
blocksfor DSPalgorithmswhich allows the studentsto eschew the morestrict-
ly technicalfacetsconcerningalgorithmicimplementationandconcentrateon the
results.As saidbefore,all the Internet-basedteachingcomplementswhich have
beenpresentedso far attainthis goalonly partially in thesensethatHTML doc-
umentsareinherently”pre-canned”.Very effective presentationscanbecreated,

a.

b.

Figure 3: Interactive wavelet coder: a. The usercan transformthe imageand
selectthesubbandsfor thereconstruction.b. Thesynthesisis performedusingthe
selectedsubbandsandtheusercanimmediatelyseetheeffectof thereconstructed
image.

but theseallow for little interactionon thepartof theuser, which consistsmost-
ly in multiple-choicequestionansweringandselective browsingof thematerial.
Theenvisionedgoalof aJava-basedapproachto onlineteachingin thiscaseis the
creationof a Java library of DSP-orientedgeneralpurposefunctions. Thevideo
andaudiocapabilitiesof netbrowsersprovidetheidealsettingfor therealizations
of a large classof fundamentalexamplesin DSPtechniques,which will present



thestudentwith a”guidedtour” of thepossibilitiesand,why not,the”fun” nature
of signalprocessing.Theseexampleswill bebuilt with thelibrary functionsjust
defined,andwill thusconsistof ”open” moduleswhichthestudentcaneasilyana-
lyzeandmodify. Theexampleswill thenconvey adoubleloadof information:an
overview of DSPtechniquesin themoregeneralsenseandaseriesof examplesin
algorithmicdesignandimplementation.Theeasein thedistribution andthefree
accessibilityto theJava packagein theacademicenvironmentarethetwo strong
featuresof theproposedapproach.

Figure4: Researchdemonstrator:textureretrieval usingperceptualfeatures.

3 Teaching using Java

We summarizebelow themaincontributionof theprojectregardingteaching.

3.1 Distance learning framework

In [5] (seeAppendix),we presenteda framework for digital publishing,virtual
labsandinteractive exercisessessions.It is composedof a componentslibrary,
a delivery mechanism(simply theWWW), a solutionfor editionof hyper-linked
scientifictextswith interactiveillustrationsandavirtual environmentfor exercises
sessionsandprojects



3.2 Digital signal processing library

A setof high-level GUI classesallowseasilyto build visualscientificapplication-
s [3]. Any type of 1D, 2D functions,graphs,imagescanbe displayed(Figure
1). Specialvisualizersfor matricesarealso included. The types/utilitiesgroup
containsnew datatypesfor signals,complex numbersandpolynomials,routines
for conversions(for ex. imagesinto matricesof values),matrix operations,quan-
tizersandseveralnumericalsolvers. Finally, theDSPgroupcontainsclassesfor
differentoperationssuchasFFT, Wavelettransform,DCT, QuadratureMirror Fil-
ters...andsoon.

3.3 On-line class support for students

Thecreationof theDSPlibrary allowedto build anon-lineclasssupportfor the
digital signalprocessingclasstaughtby thelaboratory. TheDSPbookregroupa
setof appletthataimsat illustratingthemaintopicsof thecourse.

We alsodesignedappletsproviding a meanfor thestudentsto checktheir so-
lutionsfor thehomework. TheinteractiveZ-transformcoursesupportwasbuilt in
this idea. Besidecheckingtheir solution,thestudentscanbuilt additionalexam-
plesandwork out their understandingof theimportantpartof theclass.

4 Research using Java

4.1 Reproducible research

Besidebeingaveryefficient tool for building on-linedemosandelectronicbook-
s, the Java languageremaindifficult for rapid prototyping, comparedto non-
compiledand specializedlanguagessuchas Matlab and Maple. However, we
found Java very adequatefor providing on-line researchdemos,sinceit easily
permitsto reproduceexperimentationresults.

Weexperiencedtwo parallelapproaches:


 On-lineappletandelectronic papers: Jointly to thesubmissionof a scien-
tific article,we producea webpagewith a softwaredemonstrator[2]. The
reviewer areable to verify the experimentalresultsreportedin the paper.
Thefollowing figuresdemonstratetypical softwaredemonstrators

Waveletimagecoder(Figure3).

On-linetextureretrieval (Figure4).

Interactivepaperon meshing(Figure5).



Figure5: Interactiveelectronicpaperonmeshing.

4.2 Floppy-based research demonstrator: the Article Hyper
Companion

For conferences,we producedfloppy diskscontainingthepresentedmaterial,as
well asthesoftwaredemonstrator. We namedsuchdisk articlehypercompanion
andtheir typical contentincluded:


 conferenceslides,


 softwaredemonstrator,


 sourcecode.

All this materialwasembeddedinto a HTML-basedpresentation.Multiple
copiesof the floppy were distributed after the conferencetalk. This approach
hasbeenvery successfulandtheattendeesvery muchappreciatedto receive the
full materialof thepresentation.Thetwo instancesbelow canbeobtainedon the
webisterelatedto this report(seeAppendixA).


 Quadtreefloppy, distributed at IEEE InternationalConferenceon Image
Processingin Kobe(Japan)in October1999[4].




 ResearchdemonstratordistributedattheworkshoponVision,Modelingand
Visualizationin Erlangen(Germany) in November1999[1]



A Java project website

Weprovidea full web-sitecontainingall thematerialof theprojectat theaddress
http://lcavwww.epfl.ch/ balmelli/java(Figure6).

Figure6: Entrypageof theJavaProjectwebsite



B Published papers

Thefollowing list of paperhavebeenpublishedduringtheproject:


 A Framework for InteractiveCoursesandVirtual Laboratories.

Proceedingsof Multimedia Signal Processingconference,December
1998,Portofino,USA


 Un protoypepourle télé-enseignement

Flashinformatique,EPFL.


 InteractiveDSPeducationusingJava

Proceedingof ICASSP98,Seattle,USA.

All thesepaperscanbeobtainedon thewebsiteat

http://lcavwww.epfl.ch/ balmelli/java
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