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Abstract

This shortreportsummarizeghe contritution of the project: Java for teating
andreseach. A websitehasbeencreatedo allow interestediserto downloadthe
materialproducesluringthe project. Thesiteis reachablet

http://lcavwwwepfl.d/ balmelli/java

Also, the site containsa seriesof web-basegresentatiorfor internationalcon-
ferencesandworkshop. A CD-ROM containingthe full projectandthe website
is availableon demandat the laboratory The reportgivesan introductionto the
projectandgoal. We explain our motivationandgive our approacho the prob-
lem. We main contribution in teachingaswell asin researcharethenpresented.



1 Introduction

Most lecturestoday takes place with teacherand studentdocatedin the same
room. The teachemwrites on a blackboardor usesslideswhile lecturingthe s-
tudents. In recentyearsnew trendshave appearedunderthe term "Computer
Aided Learning” (CAL), and EPFL featuresa lab (LEAQO) which specializesn
this researchopic. Generallyspeakingthe World-Wide-Web is a mostefficient
mediumfor thedistribution of didacticmaterial,andWebbrowsersoffer awealth
of video and audio capabilitieswhich can be very effectively employed to this
aim. A Web browsercanbecomean electronicblackboardonto which students
canview coursenoteswhile listeningto the teachers comments. Studentscan
"navigate” throughthe courseby redoingsomeportionsnot well understoodas
in normal CAL. The mostobvious advantagef relying on a web browserare:
No specialprogramdo setup,sincestudentausesthe sameWWW browserthey
alreadyusefor otherpurposegConnectiongapabilitiesfrom virtually anywhere
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Figurel: Creationof adigital signalusingthe LCAV signalprocessindibrary.

Coursesarealwaysup-to-dateasthey arefetchedfrom the network. The WWW

alreadyis a mostvaluabletool to complemenstandardeaching.On-line papers
and courseoutlinescompletewith HTML slidesare currently available at most
university Web seners. Although numberof successebave beenachieved, and
someprofessorglo useWeb-basedCAL for someportionsof their coursesthe
greatmajority of themstill relieson the goodold methodof the real classroom.
We think thatthereareseveralreasorfor this: the methodsandsoftwareneeded
to useCAL arenotalwaysuserfriendly andrequirea considerablefforts on the
part of the teacherin orderto yield goodresults;the student-teachanteraction
thesemethodsallow is usuallylessthanin a normallaboratorysetting,and, fur-



thermorenternettraffic canattimesposeaseriousdelayproblemwhenit comes
to repeatedlydownloadingextensve amountsof data.

2 Using Javain research and teaching

The Java programminganguageoffers a numberof advantageousmprovement
tothisscenarioJava-basedirtual labsprovideahomogeneougsamework for the
developmenbf classdemosthey rely onthecomputingresourcesf thestudents
workstation,they provide real andimmediateinteractionwith the user andthey
donotrequireslow andfrequentconnectionso asener. In orderto appreciatehe
further advantageof a Java-basedpproacho on-line teachingonehasto think
of the possibleintegrationof theseresourcesvith othercommontoolswhich are
currentlyusedin a didacticframenork. Oneof the mostwidely employedtools
is for instanceMatlab; the Matlab programminganguageandits setof general-
purposegraphicaluserfunctionsprovide anextremelyusefulenvironmentfor the
developmentof illustrative examplesof the materialwhich, in the classroomjs
necessariljtaughtundera mostly theoreticalpoint of view. By meansof "play-
ing” with theseexamplesthe studentcanobtaina morevivid feel for the actual
significanceof mostalgorithmsandtechniquesvhich arethe backboneof most
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Figure2: Coursesupportappletfor the z-transformof a digital filter.

engineeringlisciplines.This is all the moretrue andimportantfor a subjectlike



digital signalprocessingDSPis indeedemeging asa moregeneral-orientednd
basicsubjectin all engineeringcoursestakingwhatup to now hasbeentherole
of classiccircuit theory In this view, it is importantthat DSPteachingassume
a lessabstractformulationin orderto provide a “hands-on”feeling to the stu-
dents.Oneof the bestwaysto achieve this is to make availablea setof building
blocksfor DSP algorithmswhich allows the studentgo esch& the more strict-
ly technicalfacetsconcerningalgorithmicimplementatiorandconcentrat@nthe
results. As saidbefore,all the Internet-baseteachingcomplementsvhich have
beenpresentedo far attainthis goal only partially in the sensehatHTML doc-
umentsareinherently”pre-canned”.Very effective presentationsanbe created,

3,0,5,-0,28 |25,0.5,0.2§
Original Image Coefficients Reconstruction
[
3.0,5.-0,25 I -0.5,-0,2%

Linspline | analysis || 2 synthesislsuhands CJLL OLH THL [THH  Effect Llenhance  reset
Lena i |mMessage: IAnalys\suparaﬂuncnmp\eled

a.
3.0.5.-0.25 15, 0.5,0.25
Criginal Image Coefficients Reconstruction
5.0,5.-0,28 -0,5,-0,28

Lin.gpline —ll analysis | 0 synthesislSubands [TLL LH  JHL [THH  Effect lenhance resetl

Lena = |Message I Reconstructed signal availablel

Figure 3: Interactve wavelet coder: a. The usercantransformthe imageand
selecthesubband$or thereconstructionb. Thesynthesiss performedusingthe
selectedsubbandsandtheusercanimmediatelyseetheeffect of thereconstructed
image.

but theseallow for little interactionon the part of the user which consistanost-
ly in multiple-choicequestionansweringandselectve browsing of the material.
Theervisionedgoalof a Java-base@pproactio onlineteachingn this caseas the
creationof a Java library of DSP-orientedyeneralpurposefunctions. The video
andaudiocapabilitiesof netbrowsersprovide theidealsettingfor therealizations
of alarge classof fundamentakxamplesin DSPtechniqueswhich will present



the studenwith a”guidedtour” of the possibilitiesand,why not,the”fun” nature
of signalprocessing.Theseexampleswill be built with thelibrary functionsjust
defined andwill thusconsistof "open” modulesvhichthestudentaneasilyana-
lyze andmodify. Theexampleswill thencorvey adoubleloadof information:an
overview of DSPtechniquesn themoregenerakenseanda seriesof examplesn

algorithmicdesignandimplementation.The easen the distribution andthe free
accessibilityto the Java packagean the academiervironmentarethe two strong
featuresof the proposedapproach.
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Figure4: Researcllemonstratortextureretrieval usingperceptuafeatures.

3 Teaching using Java

We summarizebelonr the maincontribution of the projectregardingteaching.

3.1 Distance learning framework

In [5] (seeAppendix),we presented framework for digital publishing,virtual
labsandinteractve exercisessessions.It is composedf a componentdibrary,
a delivery mechanisn{simply the WWW), a solutionfor edition of hyperlinked
scientifictextswith interactveillustrationsandavirtual environmentfor exercises
sessiongndprojects



3.2 Digital signal processing library

A setof high-level GUI classesllows easilyto build visualscientificapplication-
s[3]. Any type of 1D, 2D functions, graphs,imagescan be displayed(Figure
1). Specialvisualizersfor matricesare alsoincluded. The types/utilitiesgroup
containsnew datatypesfor signals,complex numbersandpolynomials,routines
for conversiong(for ex. imagesinto matricesof values) matrix operationsquan-
tizersandseveralnumericalsolvers. Finally, the DSP groupcontainsclassedor

differentoperationsuchasFFT, Wavelettransform DCT, QuadraturéMirror Fil-

ters...andsoon.

3.3 On-lineclasssupport for students

The creationof the DSPlibrary allowedto build anon-line classsupportfor the
digital signalprocessinglasstaughtby thelaboratory The DSPbookregroupa
setof appletthataimsatillustratingthe maintopicsof thecourse.

We alsodesignedappletsproviding a meanfor the studentgo checktheir so-
lutionsfor thehomavork. Theinteractve Z-transformcoursesupportwashbuilt in
this idea. Besidecheckingtheir solution,the studentanbuilt additionalexam-
plesandwork outtheir understandingf theimportantpartof theclass.

4 Research using Java

4.1 Reproducibleresearch

Besidebeingavery efficienttool for building on-linedemosandelectronicbook-
s, the Java languageremain difficult for rapid prototyping, comparedto non-
compiledand specializedanguagesuchas Matlab and Maple. However, we
found Java very adequatdor providing on-line researchdemos,sinceit easily
permitsto reproducesxperimentationresults.

We experiencedwo parallelapproaches:

e On-lineappletand electionic papess. Jointly to the submissiorof a scien-
tific article, we producea web pagewith a softwaredemonstrator[R The
reviewer are ableto verify the experimentalresultsreportedin the paper
Thefollowing figuresdemonstratéypical softwaredemonstrators

Waveletimagecoder(Figure3).
On-linetextureretrieval (Figure4).
Interactve paperon meshing(Figure5).
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An Optimal Solution for the Coplanarity Problem of Regular Triangulations
Laurent Belmelli, Jelena Kovacevic and Martin Vetterli
Last updated April 3, 1999
Abstracts > Application » References

0 We present here an applet the.
optimal algorithm, Using the mouse, you can
remove the vertices at the intersection of the
triangles edges {decimation).

0 Using the menu on your right hand-side, you
can:

(for left to right)

® Density: change the resolution of the mesh,

® Grid: display the grid points.

® Type: select which grid to display

® Level: enter alist of level indices to display.
The list format is <indexl><index2>, ..

® With the mouse: Decimate the mesh !!

Notations;

® Red dots: Border vertices (unremovable).
® Blue dots: The Cartesian grid,
® Black dots: The Quincus grid.

Click here for an example of utilisati
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Figureb: Interactve electronicpaperon meshing.

4.2 Floppy-based research demonstrator: the Article Hyper
Companion

For conferencesywe producedloppy diskscontainingthe presentedanaterial,as
well asthe softwaredemonstratorWe namedsuchdisk article hypercompanion
andtheir typical contentincluded:

e conferenceslides,
e softwaredemonstratqor

e sourcecode.

All this materialwas embeddednto a HTML-basedpresentation.Multiple
copiesof the floppy were distributed after the conferencetalk. This approach
hasbeenvery successfulndthe attendeesery muchappreciatedo receve the
full materialof the presentationThetwo instancedelon canbe obtainedonthe
webisterelatedto this report(seeAppendixA).

e Quadtreefloppy, distributed at IEEE InternationalConferenceon Image
Processingn Kobe(Japan)jn October1999[4].



e ResearcldemonstratodistributedattheworkshoponVision,Modelingand
Visualizationin Erlangen(Germary) in Novemberl999[1]



A Javaproject website

We provide afull web-sitecontainingall the materialof the projectattheaddress
http://lcavwwwepfl.d/ balmelli/java(Figure6).
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B Published papers

Thefollowing list of paperhave beenpublishedduringthe project:

e A Framevork for Interactve CoursesandVirtual Laboratories.

Proceedingf Multimedia Signal Processingconference December
1998, Portofino,USA

e Un protoypepourle téle-enseignement
Flashinformatique EPFL.

e Interactve DSPeducatiorusingJava
Proceedingf ICASSP98, Seattle USA.

All thesepapersanbe obtainedon the websiteat

http://lcavwwwepfl.d1/ balmelli/java
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