
TEACHING WAVELETS WITH JAVA ON THE INFORMATION
SUPERHIGHWAY

Haitao Guo, Jan E. Odegard and C. Sidney Burrus

ECEDepartment,RiceUniversity
Houston,TX 77251-1892

ABSTRACT

Oneof the mostexciting new developmentson the infor-
mationsuperhighwayis the Java languageof the SunMi-
crosystem.Java is portable,powerful, andnetwork-aware.
Thispaperpresentssomeideasandexperimentsonteaching
waveletsandsignalprocessingusingJava. TheURL for our
waveletsappletsis http:

���
www-dsp.rice.edu/edu.

1. INTRODUCTION

Wavelet theory is a young field whoseemphasishas in-
creasedtremendouslyin recentyears. Althoughmoreand
morebooks[8, 1, 2, 3, 12, 13, 14] andcoursesaredevoted
to this subject,themathematicalconceptsusedin wavelets
theorycanbe ratherdifficult to learn. It is even harderto
understandits relationwith multiratedigital signalprocess-
ing, andto applywavelettheoryto realapplications.There
areseveralsoftwaretoolboxavailablefor wavelet-basedsig-
nal and imageprocessing,e.g. rice-wavelet-toolbox[15]
from RiceUniversity, Wavelab[18] from StanfordUniver-
sity, wavelet toolbox in Khoros[19], uni-wave [17], UNI-
CODER[16] from university of Wisconsin. But someof
themrequireMatlab or Khorosto run under, andthey re-
quire costly installationandmaintaining,especiallyacross
severalplatforms.They areexcellenttoolsfor research,but
not for beginnerswho want to learnwaveletsfor the first
time.

On the other hand, wavelet theory is relatedto mul-
tiresolutionanalysis[7] which hasvery intuitive meaning,
andcanbeeffectively shown visually. Many otheraspects
of wavelet theorycanalsobeshow graphically, e.g. time-
scalecontentsof thesignal,thetreestructureof thewavelet
packettransform.Thusa hand-ongraphicaltool would be
very valuablefor teachingwavelettheory.

TheInternethasbecomeanincreasinglyimportantchan-
nel for informationdistribution. Many impressive experi-
mentshave beenconductedon remoteteachingusing the
InternetandtheWorld Wide Web[9, 5, 6, 10].

The Java languageof Sun Microsystemis one of the
mostexciting new developmenton the informationsuper-
highway. Java is portable,compact,powerful,andnetwork-
aware.Peoplecanloadyour Java program(applet)over the
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network,andrun your Java programon their PCsor work-
stations.Theonly requirementsarea Java-enabledbrowser
(e.g.Netscape2.0)andsomekind of connectivity to theIn-
ternet.Java alsoprovidespowerful yet simplegraphicuser
interface(GUI), andnetworksupport.ThesemakeJava an
ideal languagefor teachingwavelet theoryon the informa-
tion superhighway.

In thispaper, wefirst giveanoverview of Java,showing
why it is suitablefor networkdistributedteaching. Then
wepresentsomeideasandexperimentsonteachingwavelet
theoryusingJava.

2. WHY JAVA?

Java is a network-awarelanguagesuperficiallyresembling
C++, but muchsmallerandmorecompactandcleanlyde-
signed.It’ sanunlimited-extentlanguagewith garbagecol-
lection like Lisp, but with statictypechecking.It includes
lightweightprocesses(threads)asa native facility andhas
powerful network-securityfeatures. The ability to safely
passaroundcodeobjectsprobablyrepresentsthemostsig-
nificantadvancein WWW technologysincethefirst release
of Mosaic.As a languageJava is,

Simple Javahasthebarebonesfunctionalityneededto im-
plementits rich featureset. It doesnot add lots of
syntacticsugaror unnecessaryfeatures. So Java is
easyto learnanduse.Javahasbuiltin garbagecollec-
tion andboundcheckfor arraydata. Thusit is also
saferto use.

Object-Oriented Almosteverythingin Javais eitheraclass,
a methodor anobject.Only themostbasicprimitive
operationsanddatatypes(int, for, while, etc.) areat
asub-objectlevel. It is easyto reusecodesin Java.

Platform Independent Java programsare compiled to a
byte codeformat that canbe readandrun by inter-
pretersonmany platformsincludingWindows95,Win-
dowsNT, SunOS,Mac,andSolaris.

The datatypesarealso platform independent.The
floating-pointtype float anddouble, represent-
ing single-precision32-bit anddouble-precision64-
bit format IEEE 754valuesandoperationsasspeci-
fiedin IEEEStandard for Binary Floating-PointArith-



metic, ANSI/IEEEStd.754-1985(IEEE,New York).
Sowe areguaranteedto have thesameresulton dif-
ferentplatforms,which is importantfor signalpro-
cessingapplications.

Applets Javaapplicationscanbeembeddedin HTML doc-
uments( calledapplets),andautomaticallyexecuted
by theJavainterpreterwhenthedocumentsis received.
This capabilityallows for thedevelopmentsof inter-
active applicationsover thenetwork.

Network Aware Java is designedfor the Internet.We can
useJava to accessanywhereon the Internet.For ex-
amplewecanloaddatadirectly from othermachines
on the Internetwhich we have ftp or http access
to. We caneven loadprogramsfrom othersite, thus
facilitatescooperation.

High Performance We have test purenumericalapplica-
tions like the FFT, the programin Java is about10
timesslower thannative C, but still fast enoughfor
applicationslike demonstrationand teaching. Sev-
eralcompany andpeopleareworkingon just-in-time
(JIT) compilationof Java codeto native code. One
day Java will be compilableon the fly to codethat
rivalsC++ in speed.

Client Side Application Java runson theclient side.Soit
doesnot usethe processingpower of the server. It
is especiallygood for remoteteaching,sincemany
studentsmay usethe server at the sametime. Be-
fore Java, peoplehave to relayon Common Gateway
Interface (CGI) for interactive application.Not only
server hasto doall theprocessing,theresponsetime
is poorbecauseall therequestsandresponseshave to
go throughthenetwork.

3. WAVELETS APPLETS

We teachwaveletby providing a setof Java programs(ap-
plets).They have similar graphicaluserinterface.Students
can choosedifferentsignalsandwaveletsfrom the menu.
They canalso load their own data. Studentsareaskedto
click or dragmousein the left figurewindow, andobserve
theresultin theright figurewindow. Many optionscanbe
chosenfrom the menuto control the representationof the
resultsin the right figurewindow, e.g. time domainrepre-
sentation,frequency domainrepresentation.

Herewe describesomeof the waveletsappletswe de-
signed.

3.1. Wavelets and Scaling function

WaveletsandScalingfunctionsarerelatedby two scalere-
cursiveequations.Thisappletdemonstratestherelationship
amongwaveletsand scalingfunctionson differentscales
andatdifferenttranslations.

3.2. Wavelet-based Multiresolution analysis

Thisappletdemonstratesthewavelet-basedmulti-resolution
analysis.Studentsareencouragedto click in the input fig-
ure to choosethe subspace,and watch the projection in
thatsubspaceshown in thedisplayfigure. Studentscanei-
therinspectwaveletspaces(W spaces)or scalingspaces(V
spaces).A snapshotis shown in Figure1.

3.3. Pick Your Wavelets

Thisappletdemonstratestheparameterizationof thescaling
coefficients.All thelength-6waveletscanbeparameterized
by two freeparametersfrom ��� to � . Thestudentsareen-
couragedto click or dragthemousein theleft-handfigureto
adjustthosetwo parameters,andwatchthewavelet and/or
scalingfunctionchangein the right-handfigure. For clas-
sicalwavelets,studentscanpull down the Waveletsmenu,
andlocatetheparametersin theplane.A snapshotis shown
in Figure2.

3.4. Denoising via Wavelet Thresholding

Noise Reductionvia Wavelet Thresholdingis a powerful
method[4]. This appletdemonstratesthis technique.The
studentscan choosethe signal and noise, and adjust the
threshold,thenseetheresultinstantly. A snapshotis shown
in Figure3.

3.5. Wavelet based Signal Compression

Wavelethasbeenprove to bea powerful tool for datacom-
pression[14]. Thisappletdemonstratesthisaspect.Thestu-
dentscanchoosewaveletandsignalthey wantto compress.
They canadjustthequantizationlevels,andstudytherate-
distortioncharacteristicsof wavelet-basedsignalcompres-
sion algorithms. We have implementedone dimensional
versionof theembeddedzero-treewaveletcompressional-
gorithm[11].

4. SUMMARY

TheJavalanguageisportable,powerful,andnetwork-aware.
We developeda suiteof appletson teachingwaveletsand
signalprocessingusingJava on informationsuperhighway.
We encourageinterestedreadersto try them,andwe wel-
comefeedbacksonits performance.

ThecurrentURL for ourwaveletsappletsis � http://
www-dsp.rice.edu/edu � .
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