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ABSTRACT

One of the mostexciting nenv developmentson the infor-
mation superhighways the Java languageof the SunMi-
crosystem.Java is portable powerful, and network-avare.
Thispapempresentsomeideasandexperimentonteaching
waveletsandsignalprocessingisingJava. TheURL for our
waveletsappletss ht t p: //www dsp. ri ce. edu/ edu.

1. INTRODUCTION

Wavelet theory is a young field whoseemphasishasin-
creasedremendouslyn recentyears. Although moreand
morebooks|8, 1, 2, 3, 12, 13, 14] andcoursesaredevoted
to this subject the mathematicatonceptaisedin wavelets
theory canbe ratherdifficult to learn. It is even harderto
understandts relationwith multiratedigital signalprocess-
ing, andto applywavelettheoryto realapplications.There
areseveralsoftwaretoolboxavailablefor wavelet-basegig-
nal and image processingg.g. rice-wavelet-toolbox[15]
from Rice University Wavelab[18] from StanfordUniver
sity, wavelettoolboxin Khoros[19], uni-wave [17], UNI-
CODER|[16] from university of Wisconsin. But someof
themrequireMatlab or Khorosto run under andthey re-
quire costly installationand maintaining,especiallyacross
several platforms.They areexcellenttoolsfor researchbut
not for beginnerswho wantto learnwaveletsfor the first
time.

On the other hand, wavelet theory is relatedto mul-
tiresolutionanalysis[7] which hasvery intuitive meaning,
andcanbe effectively shavn visually. Many otheraspects
of wavelettheorycanalsobe shav graphically e.g. time-
scalecontentf thesignal,thetreestructureof thewavelet
packettransform. Thusa hand-ongraphicaltool would be
very valuablefor teachingwavelettheory

Thelnternethasbecomeanincreasinglymportantchan-
nel for informationdistribution. Many impressie experi-
mentshave beenconductedon remoteteachingusing the
Internetandthe World Wide Web|[9, 5, 6, 10].

The Java languageof Sun Microsystemis one of the
mostexciting new developmenton the information super
highway Javais portable compactpowerful, andnetwork-
aware.Peoplecanloadyour Java program(applet)over the
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network,andrun your Java programon their PCsor work-
stations.Theonly requirementsirea Java-enabledrowser
(e.g.Netscape.0)andsomekind of connectvity to theln-
ternet. Java alsoprovidespowerful yet simplegraphicuser
interface(GUI), andnetworksupport. ThesemakeJava an
ideallanguagdor teachingwavelettheoryon the informa-
tion superhighway

In this paperwe first give anoverview of Java, shaving
why it is suitablefor network distributedteaching. Then
we presensomeideasandexperimentonteachingvavelet
theoryusingJava.

2. WHY JAVA?

Java is a network-avarelanguagesuperficiallyresembling
C++, but muchsmallerand more compactandcleanly de-
signed.It’ sanunlimited-extentlanguagewith garbagecol-
lectionlike Lisp, but with statictype checking.It includes
lightweight processesthreads)as a native facility andhas
powerful network-securityfeatures. The ability to safely
passaroundcodeobjectsprobablyrepresentshe mostsig-
nificantadvancein WWW technologysincethefirst release
of Mosaic.As alanguagelavais,

Simple Javahasthebarebonedunctionalityneededoim-
plementits rich featureset. It doesnot addlots of
syntacticsugaror unnecessaryeatures. So Jaza is
easyto learnanduse.Java hasbuiltin garbagecollec-
tion andboundcheckfor arraydata. Thusit is also
saferto use.

Object-Oriented Almosteverythingin Javais eitheraclass,
amethodor anobject. Only the mostbasicprimitive
operationsanddatatypes(int, for, while, etc.) areat
asub-objectevel. It is easyto reusecodesin Java.

Platform Independent Java programsare compiledto a
byte codeformat that canbe readandrun by inter-
preteronmary platformsincludingWindows 95, Win-
dowsNT, SunOSMac, andSolaris.

The datatypesare also platform independent.The
floating-pointtype f | oat anddoubl e, represent-
ing single-precisiorB2-bit and double-precisiorb4-
bit format IEEE 754 valuesand operationsas speci-
fiedin IEEE Sandard for Binary Floating-Point Arith-



metic, ANSI/IEEE Std. 754-1985EEE, New York).
Sowe areguaranteedo have the sameresulton dif-
ferent platforms,which is importantfor signalpro-
cessingapplications.

Applets Jaraapplicationccanbeembedded HTML doc-
uments( calledapplets),andautomaticallyexecuted
bytheJavainterpretewvhenthedocumentss receved.
This capabilityallows for the developmentf inter-
active applicationgover the network.

Network Aware Javais designedor the Internet. We can
useJava to accesarywhereon the Internet. For ex-
amplewe canloaddatadirectly from othermachines
on the Internetwhich we have f t p or ht t p access
to. We canevenload programsrom othersite, thus
facilitatescooperation.

High Performance We have test pure numericalapplica-
tions like the FFT, the programin Java is about10
times slower thannative C, but still fastenoughfor
applicationslike demonstratiorandteaching. Sev-
eralcompany andpeopleareworking onjust-in-time
(JIT) compilationof Java codeto native code. One
day Java will be compilableon the fly to codethat
rivalsC++in speed.

Client Side Application Javarunsontheclientside. Soit
doesnot usethe processingpower of the sener. It
is especiallygood for remoteteaching,since mary
studentsmay usethe sener at the sametime. Be-
fore Java, peoplehave to relay on Common Gateway
Interface (CGl) for interactve application. Not only
sener hasto do all the processingthe responseime
is poorbecausall therequestandresponsebhave to
gothroughthe network.

3. WAVELETSAPPLETS

We teachwaveletby providing a setof Java programgap-
plets). They have similar graphicaluserinterface.Students
can choosedifferent signalsand wavelets from the menu.
They canalsoload their own data. Studentsare askedto
click or dragmousein the left figurewindow, andobsene
theresultin theright figurewindow. Mary optionscanbe
chosenfrom the menuto control the representationf the
resultsin the right figure window, e.g. time domainrepre-
sentationfrequeny domainrepresentation.

Here we describesomeof the waveletsappletswe de-
signed.

3.1. Waveetsand Scaling function

WaveletsandScalingfunctionsarerelatedby two scalere-
cursive equationsThis appletdemonstratetherelationship
amongwavelets and scaling functionson differentscales
andatdifferenttranslations.

3.2. Wavelet-based Multiresolution analysis

Thisappletdemonstratethewavelet-basednulti-resolution
analysis.Studentsaareencouragedo click in the input fig-

ure to choosethe subspaceand watch the projectionin

thatsubspaceshaowvn in the displayfigure. Studentsanei-

therinspectwaveletspacegW spacespr scalingspacegV

spaces)A snapshois shavn in Figurel.

3.3. Pick Your Wavelets

Thisappletdemonstratetheparameterizatioof thescaling
coeficients.All thelength-6waveletscanbeparameterized
by two free parameterfrom —= to 7. Thestudentsareen-
couragedo click or dragthemousen theleft-handfigureto
adjustthosetwo parametersandwatchthe waveletand/or
scalingfunction changein the right-handfigure. For clas-
sical wavelets,studentcanpull down the Waveletsmenu,
andlocatethe parameteri the plane.A snapshots shovn
in Figure2.

3.4. Denoising via Wavelet Thresholding

Noise Reductionvia Wavelet Thresholdingis a powerful
method[4]. This appletdemonstratethis technique.The
studentscan choosethe signal and noise, and adjustthe
thresholdthenseetheresultinstantly A snapshots shavn
in Figure3.

3.5. Wavelet based Signal Compression

Wavelethasbeenprove to be a powerful tool for datacom-
pressiorj14]. ThisappletdemonstratethisaspectThestu-
dentscanchoosewvaveletandsignalthey wantto compress.
They canadjustthe quantizatiorlevels, andstudythe rate-
distortioncharacteristicef wavelet-basedignal compres-
sion algorithms. We have implementedone dimensional
versionof theembeddeaero-treavavelet compressioral-
gorithm[11].

4. SUMMARY

TheJavalanguages portable powerful, andnetwork-avare.
We developeda suite of appletson teachingwaveletsand
signalprocessingisingJava on informationsuperhighway
We encouragenterestedeaderdo try them,andwe wel-
comefeedback®nits performance.

ThecurrentURL for ourwaveletsappletds <ht t p: / /
ww- dsp. ri ce. edu/ edu>.
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