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Abstract—T hetechniques of digital signal processing (DSP) and
digital image processing (DI P) have found amyriad of applications
in diver se fields of scientific, commercial, and technical endeavor.
DSP and DIP education needs to cater to a wide spectrum of
people from different educational backgrounds. This paper
describestools and techniques that facilitate a gentle introduction
to fascinating concepts in signal and image processing. Novel
LabVIEW- and MATLAB-based demonstrations are presented,
which, when supplemented with Web-based class lectures, help
toillustrate the power and beauty of signal and image-processing
algorithms. Equipped with informative visualizations and a
user-friendly interface, these modules are currently being used
effectively in a classroom environment for teaching DSP and DIP
at the University of Texas at Austin (UT-Austin). Most demon-
strations use audio and image signals to give students a flavor of
real-world applications of signal and image processing. This paper
isalso intended to provide alibrary of more than 50 visualization
modules that accentuate the intuitive aspects of DSP algorithms
as a free didactic tool to the broad signal and image-processing
community.

Index Terms—Demonstration library, interactive education,
multidisciplinary, signal and image-processing education, visual-
ization.

|. INTRODUCTION

HE PRINCIPLESof digital signalprocessingDSP)and

digital imageprocessingdDIP) have spreadheir rootsfar
andwide,asevidencedytheirapplicationgo averywide spec-
trum of problems.Astronomy geneticsyemotesensingyideo
communicationsand ultrasonicimaging are just a tiny sam-
pling of applicationghatreflectthe multidisciplinarynatureof
DSPandDIP. Applicationsin DSPandDIP combineconcepts
from avarietyof areassuchasvisualpsychophysicsaudioand
acousticspptics,and computerscience Although well rooted
in advancedmathematicsinfamiliarto amajority of thegeneral
audiencethat usesit, the theory of DSP and DIP needsto be

made“accessible” to practitionersfrom diversebackgrounds.

Presentinguchaninterdisciplinarytopic with perspicuityto a
heterogeneousudiencas challengingWith therecentirendof
DSPdrifting lowerdown thecurriculumto evenhigh school,as
in thelInfinity project[3], andtheimportanceof designingDSP
asafirst coursein electricalandcomputerengineerindg], the
needfor toolsandtechniquego presensignalprocessingvith
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minimal mathto a nontechnicabkudiencds becomingincreas-
ingly significant.

Themainhurdlefacedby a novice in DSPis thatthe mathe-
maticsthatdescribesundamentatonceptcancloudintuition.
To reinforceconcretefundamentatonceptsmostintroductory
coursesassigncomputer-base®SP exercisesHowever, more
oftenthannot, the learningcurve involvedin becomingfamil-
iarizedwith the softwaredetractghe studentfrom assimilating
the conceptMore effective techniquego uncover the intuition
behind“murky” equationsarevisualizationtoolsthatfacilitate
theauralandvisualconsumptiorof information.A ready-to-use
setof demonstrationslustratingtheconceptshattheinstructor
deemsimportantcan help the studentto begin experimenting
and assimilatingimmediatelywithout having to botherabout
programmingintricacies. This situation also encouragestu-
dentsto experimentwith their desiredinputs at their leisure.
Further suchtools bolsterthe succes®f distancelearningby
facilitatinginteractve educatiorandarethetopic of discussion
in this paper

Therehave beenmary significantcontritutionsto DSPedu-
cationaltools developedprimarily with MATLAB [[], [B]-[8].
LabVIEW [2], [9], Java[10]-[[19], andMathematicd13]. Java-
basedtools enjoy the advantageof inherentplatformindepen-
dence[14] over mostotherimplementationsFurther they do
notneedtheuserto have ary specifc softwareinstalledontheir
localmachinemakingthis optionmosteconomicato students.
Java-basedools are alsoinherently suitablefor a Web-based
educatiorsystem sincethey canbe easilyintegratedinto Web
browsers.Commongatavay interface hasalso beenusedfor
handlingsignal-processingputineswith Java usedfor theuser
interface[15]. While this approactsoundptimistic,onemust
bearin mind that developing educationatools with software
specially designedfor signal-processingpplicationsis obvi-
ouslylesstedious.Many of thesedemonstrationbave focused
significantly on conceptssuchasthe z transform[[1§] [17] and
afew otherelementaryconceptsn DSP[g].

ThispaperdescribesheSignal,image andVideoAudiovisu-
alizationDemonstratioiGallery(SIVA), comprisedf two pow-
erfulvisualizationrmodulegichin fundamentatonceptsgevel-
opedandusedatthe Universityof Texasat Austin (UT-Austin)
for signal-andimage-processingoursesThe modulesconsist
of aLabVIEW-basedlemonstratiorsuitefor anundegraduate
coursetitled “Digital ImageProcessingndVideoProcessing
andaMATLAB demonstratiopackagdor agraduateoursei-
tled“Digital SignalProcessing.SIVA istailoredfor anin-class
andonlineinstructionambienceavith apowerful point-and-click
type of graphicaluserinterface (GUI). The demoshave been
seamlesslyntegratedinto the classnotesto provide contetual

0018-9359/02$17.0@ 2002IEEE



IEEE TRANSACTIONS ON EDUCATION, VOL. 45,NO. 4, NOVEMBER 2002

B>l Simple Add.vi = M=
File Edit Operate Toolz Browse ‘Window Help
||.{> I@I |@j\@ | 13pt Application Font | ” ;:,v| ﬁvllfﬁv‘ 1
Knob ‘W aveform Graph Plot 0
40 B0 12.0+
o
10.0-
2.0-§ -80 an
P 3
0.0 10.0 = 60
g 40-
=T
Knob 2 20-
. Al 0.0-
'. d -2.0- | I I | I | I |
20— 80 02 4 B 8 10 12 14 16
e Time L
u D/ ~\ .
i 104 STOP ]
4 I LlJé
(@)
[+ Simple Add.vi Diagram *
File Edit DOperate Tool: Browse “Window Help
o [@] @[] [2][wal@] o | 130t ssplication Fort |~
fwfait Until Nest ms Multiple
Kﬂl:lb EDU
e’
|ﬂ aveform Graph

[£>

shop

(b)

Fig. 1. Typical GUI developmentervironmentin LabVIEW. (a) Frontpanel.(b) Block diagram.

illustrations.This suite,with morethan50 demosspansagamut
of conceptsn signalandimageprocessingnuchwiderin scope
thanmostof the currentendeaors of similar flavor mentioned
previously.

MATLAB andLabVIEW areusedasthe developmenttools
for thesedemonstratiormodules.MATLAB hasbecomethe
softwareof choicefor DSPsimulationsasreflectedby the ubig-
uity of this softwarein universitylabs.Inexpensve studentver-
sionsof MATLAB arealsoavailable,makingit oneof themost
accessiblesoftware platformsfor DSP development.The ervi-
ronmentis intuitive to work with andprovidesspecializedool-
boxesfor signalandimageprocessingamongstmary others.
MATLAB alsohastheadwantagethatit is highly optimizedfor
vectorizedcode,makingit suitablefor DSPalgorithms.

Similarly, LabVIEW is becominga very popular software
in most universities.One of the reasondor its popularity is
thatbuilding front-endGUIs is extremelysimple.Becausehe

with syntacticadetails.LabVIEW alsoprovidesIMAQ Vision,
a suite of image-processingoutines (besidesmary others),
which madeit an attractve choice for building image-pro-
cessingdemos Building educationatools with MATLAB and
LabVIEW hasthe adwantagethat mostend usersare familiar
with thesetools and can build on the code or make minor
modificationsandcustomizédt for theirintendedaudience.

To obviatetheneedfor acopy of MATLAB attheclientend,
MATLAB hasdevelopedthe“MATLAB Sener” solution[[1§].
Similarly, National Instrumentshasreleasedtheir LabVIEW
Playerwhichagainmakesunnecessartheneedor alocalcopy
of LabVIEW on the client end. The ability to programsimply,
impressveintegratedgraphicafunctionsavailability for awide
varietyof platforms,andextensibility to aWeb-base@ducation
systemsuchasthatusedatthe UT-Austin,madeMATLAB and
LabVIEW obviouschoicesfor thedevelopingplatform.

Therestof thispaperis organizedasfollows. Thebasiccourse

programmings graphical it doesnot overwhelmprogrammers structureof the two coursesfor which thesetools hase been
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Fig. 3. Binary image morphology (a) Front panel.(b) Original “cell.” (c)
“Cell” eroded.

in Sectionll. Sectionlll is anoverview of the DIP featuresof
SIVA; SectionlV is anoverview of the DSP demosin SIVA;
andSectionV presentghe conclusion.

Il. OVERVIEW OF COURSES

Thoughintendedfor anelectricalandcomputerengineering
curriculum,thejunior/seniorcourse“Digital ImageandVideo
Processing(EE 371R)andthegraduateourse'Digital Signal
Processiny (EE 381K-8) attractsstudentsrom variousother
majors,suchaspsychologyaerospaceayeologyastronomyand
computerscience.Thereis also a steadyenrollmentof pro-
fessionaldrom the local industriesat Austin, TX. The objec-
tive of both coursess “to make signal processing accessible
to an audience with heterogenous backgrounds by augmenting
theory with numerous audio-visual examples.” To encouragea
Web-basedducationabystem WebCT[19] is usedasanin-
structionmediumto make all coursematerialand demonstra-
tions available over the World Wide Weh

A. EE 371R: DIP and Video Processing

Introductory material covered in this junior/senior course
on digital image and video processingncludesbinary image
processing,mage analysis,and image enhancementwhile
the more advanced material covers such topics as Hough
transformsgedgedetectionandvideoprocessing.

Along with coursematerial [20] designedassiduouslyby
the courseinstructorto keepthe level of mathaccessiblé¢o the
audiencea recenthandbookf21] wasintroducedfor the first
time in fall 2000to provide the audiencewith an invaluable
referenceand classroomtext for the course.To assistvisual
interpretatiorof ideasdiscussedin-classdemonstrationsising
SIVA are usedto complementlectures.Simple but intuitive
MATLAB-based assignmentsare designedto reinforce the
conceptsvithoutoverwhelmingstudentsith programmingn-
tricacies.Studentsarealsoencouragedo investigateandapply
theconceptdearnedn thecourseto theirrespectie fields,and
a monetaryaward is given as an addedincentive to the best
classproject. Studentsare provided with digital camcorders
(CanonZR-10) and firewire cardsto download digital video
onto computers,video-editing software, Web cameras(Vista
Imaging) and state-of-the-artvideoconferencingequipment
(CanonVC-C4) to develop their projects.The availability of
equipmenthasgreatly assistedn motivating studentso build
intellectually stimulatingprojects.

B. EE 381K-8: DSP

This graduatecoursein digital signal processings offered
every springat UT-Austin. In contrasto EE 371R,this course
is mathematicallyrigorous. The topics coveredinclude signal
representationg;ourier seriesexpansions; transforms filter
design nonlineaffilters, discrete-timgandomprocessesjuan-
tization effects,multirateprocessingandsubbandilter banks.
Coursenotes[2Z], meticulouslydesignedor the audienceare
provided online on the courseWeb site. To emphasizehe ef-
fectsof DSPalgorithmson real-world signals the DSPsection

developedfor in-classaudio-visuademonstrations described of SIVA wasdesignedn harmory with the moduleshandledn
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Fig. 4. Histogramshaping(a) Frontpanel.(b) Original “books.” (c) Histogram—flat. (d) Histogram—ivertedGaussian.

class.Many audiosignalsareusedduringthelecturesto inter-
prettheory All demosarelinkedto the coursenotesfor in-class
demonstrations.

Il. SIVA IMAGE PROCESSINGDEMONSTRATION GALLERY

LabVIEW [23] is agraphicalprogrammindanguageisedas
a powerful andflexible instrumentatiorand analysissoftware
systemin industry and academialLabVIEW usesa graphical
programmindanguage(, to createprogramscalledvirtual in-
strumentgVIs) in apictorialform, eliminatingmuchof thesyn-
tacticaldetailsof othertext-basegrogrammindanguagessuch
asC andMATLAB. LabVIEW includesmary toolsfor dataac-
quisition, analysis,and display of results.LabVIEW is avail-
able for all the major platformsand is easily portableacross
platforms.LabVIEW hasthe ability to createstand-alonesx-

ecutableapplicationswhich run at compiledexecutionspeeds.

Anotheradwantageof LabVIEW is that it includesbuilt-in

applications,suchasthe IMAQ Vision for image processing.

IMAQ Vision includesmore than 400 imaging functionsand
interactve imaging windows and utilities for displayingand
building imaging systemsgiving designerghe opportunityto
createexamplesfor mary importantconceptsin image pro-
cessingandusingthemfor educationapurposesAn excellent
introductionto LabVIEW is provided in [24] and[25]. Most
technicainformationfor thedevelopmenof theVis andIMAQ
areprovidedin [26] and[27], respectrely. Informationspecifc
to the VIs developedfor this coursecanbe obtainedn [2§).

A. LabVIEWDevelopmen&nvironment

EachVI containsthreeparts.

» Thefront panelcontaingheuserinterfacecontrolinputs,
suchasknobs,sliders,andpushbuttons,andoutputindi-
catorsto producesuchitemsaschartsandgraphs.nputs
canbefedinto thesystemusingthemouseor keyboard A
typical front panel,usedto provide intuitive GUIs to vary
theparametersf thealgorithm,is shavn in Fig. 1(a).

» Theblockdiagramshowvnin Fig. 1(b)is theequialentof
a“sourcecodefor theVI. Theblocksareinterconnected,
usingwiresto indicatethe dataflow. Front-paneindica-
tors passdatafrom the userto their correspondingermi-
nalsontheblock diagram Theresultsof theoperatiorare
thenpassedackto the front-panelindicators.

» Sub-Visareanalogouso subroutinesn corventionalpro-
gramminglanguages.

B. Examplesof Demos

SIVA encompassea wide rangeof VIs that canbe usedin
conjunctionwith clasdecturesonimageprocessingBecausef
spaceconstraintspnly asmallnumbermf theLabVIEW VIs that
weredevelopedaredescribedThereaderis invited to explore
anddownloadthe otherDIP demosin SIVA from the Web site
mentionedn [29].

1) A-D Corversion: Samplingandquantizationarefunda-
mentaloperationsn signalandimageprocessinghattransform
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Fig.5. DiscreteFouriertransform.(a) Frontpanel.(b) Original “cameraman.’(c) DFT magnitude(d) DFT phase.

acontinuoussignalto adiscreteone.Thoughthetheoryis math-
ematicallycumbersomethe effectsof samplingand quantiza-
tion canbevisualizedeffectively usingtheVIs shavnin Fig. 2.

Falsecontouringeffectsresultingfrom gray-level quantization
arevisually obviousin Fig. 2(c). This VI readsin an8-b/pixel

imageandcreatesnoutputwhosebit depth(1,2,4, or 8 b/pixel)

can be specifed from the front panel. The samplingVI (not

shawvn) canbeusedto visualizealiasingcausedy sampling.

2) Binary Image Processing: Binary imageshave only two
possible‘gray levels’ andarethereforerepresentedsingonly
1 b/pixel. BesidessimpleVIs usedfor thresholdinggray-scale
imagesto binary other VIs were developedto demonstrate
the effects of binary morphology Morphological operations
are defined by moving a structuringelementover the image
and performinga logical operationon the pixels covered by
the structuringelementyesultingin anotherinaryimage.The
morphologyV! shavn in Fig. 3 canbeusedto demonstratéhe
effects of variousmorphologicaloperationson binaryimages,
e.g., median,dilation, erosion,open, close, open—closeand
close-open.The useralso hasthe option of varying the size
of the structuringelementwhich canbe ary of the following:
row, column,squarecross,or X-shape.

3) Histogram and Point Operations (Gray-Scale): To
demonstrateffectsof elementangray-scalémageprocessing,
VIs that performlinear (offset, scaling,andfull-scale contrast
stretch)and nonlinear (logarithmic range compressionpoint
operationson imageswere developed.A more advancedVl,
shavn in Fig. 4, demonstratethe effectsof histogramshaping.
The histogramsof the input image and the resultingimage

B> DFT Magnitude [

ol x|

after the linear point operationare also displayedon the front
panelto verify theresultsof the shaping(e.g.,the histogramin
Fig. 4(d) is inverseGaussian-lik).

4) Image Analysis (Frequency Interpretations): This con-
sistsof discreteFouriertransform(DFT) anddirectionalDFTs.

a) DFT: Thougha difficult conceptfor mary students
to comprehenda lucid understandingpf Fourier transforms
is critical to the more advancedtopics of imagefiltering and
spectraltheory The study therefore,begins by introducing
the conceptof digital frequeng, usingtwo-dimensional2-D)
digital sinusoidalgratings.The DFT demonstratior/l (shavn
in Fig. 5) computesanddisplayshemagnitudeandthe phaseof
the DFT for gray-level images.The DFT canbedisplayedwith
its low frequencieglusteredogethertthe centerof theimage
or distributedatthe periphery An optionis providedto display
the logarithmically compressedfull-scale contrast-stretched
version of the magnitude spectrumto reveal low-contrast
values.

b) Directional DFTs: When the DFT of an image is
brighteralong a specifc orientation,it implies thatthe image
containshighly orientedcomponentén thatdirection.Oriented
binary imagescanbe usedto maskthe DFT of theseimages,
which, whenoperatedn by the inverseDFT, produceimages
with only highly orientedfrequenciesemaining.To demon-
stratethe directionalityof the DFT, the VI shavnin Fig. 6 was
implemented.As shaovn on the front panelin Fig. 6(a), the
input parametersThetal and Theta2, areusedto control the
angleof thewedge-lile, zero-onemask.lt is instructive to note
that zeroingout someof the orientedcomponentsn the DFT
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resultsin the disappearancef the conduitsin the “Escher”
imagein Fig. 6(e).

5) Image Filtering: SIVA includesmary demodo illustrate
the useof linear and nonlinearfilters for imageenhancement
and image restoration.The use of low-passfilters for noise
smoothingand inverse and pseudoinersefilters for decon-
volving imagesthat have beenblurred are examplesof some
demosfor linear image enhancementin SIVA. SIVA also
includesdemosto illustrate the prowessof nonlinearfilters
over their linear counterpartsFig. 7 demonstrateshe result
of filtering, with both a linear filter (average)anda nonlinear
(median)filter, a noisy image corruptedwith “salt & pepper
noise.”

6) Image Compression: TheVI on block truncationcoding
(BTC) shawn in Fig. 8 providesanintroductionto lossyimage
compressionThe usercan selectthe numberof bits usedto
represenboththe meanof eachblockin BTC (in B1) andthe
blockvariance(in B2). The compressiomatio is computedand
displayedon thefront panelin the C R indicatorin Fig. 8(a).
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OtheradwanceadVIs developedincludemary linearandnon-
linearfiltering for imageenhancementgtherlossyandlossless
imagecompressiorschemesa large numberof edgedetectors
for imagefeatureanalysisandHoughtransformsTheelemen-
tary oneshave beenpresentedherefor the purposeof illustra-
tion.

IV. SIVA SIGNAL PROCESSINGDEMONSTRATION GALLERY

MATLAB [_3(] is a high-performanc¢éanguagéor technical
computing.lt integratescomputation,visualization,and pro-
gramminginto aneasy-to-uservironment[31]. Thebasicdata
elemenin MATLAB is anarray Many matrix-basedunctions,
suchasmatrix multiplicationandarraydot product,canbe ex-
ecutedin a fraction of thetime it would take to write a similar
programin a scalar noninteractie languagesuchasC or For-
tran. MATLAB featuresa family of application-speci€ solu-
tionscalledtoolboxesfor suchapplicationsassignalprocessing,
neuralnetworks,andwavelets.Thesetoolboxesarea library of
functionswritten asM files.

Thesignal-processintpolbox[32], for example,includesan
interactve ervironmentfor analyzingandmanipulatingsignals
and designingfilters. MATLAB hasa numberof easy-to-use
plotting andgraphicalfunctions,which make MATLAB anat-
tractive choicefor developing attractize visualizationapplica-
tions.Thevectorizedhatureof MATLAB andthealundantcol-
lection of functionsand visualizationoptionsmale it a good
choicefor visualizingDSPconceptsMATLAB providesapow-
erful GUI developmenttool critical to the creationof educa-
tionaltoolsfor classrooninstructionneedsCurrentversionsof
MATLAB alsoprovide powerful user-friendlydehuggingtools.

A. GUI Development Using MATLAB

MATLAB providesthe GUI DesignErvironment(GUIDE)
to develop impressve GUIs quickly using drag-and-dropmb-
jects,suchasbuttons,sliders,andpop-davn menud33. Fig. 9
shaws a typical GUI developmentervironment. The GUIDE
controlpanelprovidesthedrag-and-dropbjectstheproperties
of whicharecontrolledby the GUIDE propertyeditor. An M file
performinga particulartaskfor eachobjectin theGUI is written
separatelyusingmary of thein-built MATLAB functions.The
GUIDE callbackeditormanagesheactionsassociateavith the
selectiorof aparticularobject(e.qg. clicking abutton)by linking
anobjectto its respectie M file (asshovn by the sequencef
arrovs in Fig. 9). Oncethe GUI is developed,onecanusethe
mouseandon-screeroptionsto visualize hear andmanipulate
signals(audio andimages).A numberof signalscan be ana-
lyzed,e.g.,in audio,maleandfemalevoices,music,andstan-
dardwaves(e.g.,sine,chirp,squareandtriangle).A few demos
alsouseimagesasinputsto illustratemultidimensionaDSPal-
gorithms.For classroomnstruction,thedemosarehyperlinked
from anHTML document.

B. Examples of Demos

Using the powerful graphicsand simple functionality of
MATLAB, a numberof DSP demonstrationshat canbe used
for a classroomteachingervironment have beendeveloped
to demonstratevisually the fundamentalDSP conceptsusing
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mainly audioanda few syntheticsignals.Currently all demos
run on the Windows platform but can be easily transported
onto otherplatformsaswell. In the following subsectionsan

overvien of a few modulesthat were developedis presented.

The readeris invited to experimentwith the othersby down-
loadingthemfrom the Web site mentionedn [29].

1) SignalRepesentations:In thisintroductorymodule,the
focusis ontherepresentationsf aninputsignalin differentdo-
mains:time, frequeng, andtime—frequeng domainsTheuser
can selectan audio sampleto be viewed in ary of thesedo-
mains,changeits samplingfrequeng andthe numberof bits
per sample andhearthe original andthe modified signal. Se-
lectinga chirp signalandsamplingit appropriatelycanbe used
effectively to visualizeandhearaliasing,asshovn in Fig. 10.
Othersimple demoshave beendevelopedto illustrate the dif-
ferencebetweercontinuousgdiscretetime, anddigital signals.

2) Fourier Series: One of the mathematicallyintriguing
technique®f signaldecompositiorns thatof the Fourierseries.
The conceptof mary sinusoidsperfectly aligning to interfere
constructvely and destructvely to create the time-domain
signalis illustratedpowerfully in the demoshawn in Fig. 11,
using a sawv-tooth waveform as an example. The dotted line
shaws the reconstructiorusing six Fourier seriescoeficients.
The slider “coefficients used”in the GUI enablesthe userto
addmoresinusoidsanddemonstratéhe constructiorusingthe
sinusoidalbasis.

3) z Transform: The z transformdemo(shavn in Fig. 12)
demonstrateshe powerful graphicscapability of MATLAB.
The effect of zerosand poleson the impulse and frequeng
responsef a systemcanbe demonstratedThe usercanplace
polesandzerosonthe z planeusingthe click of amouse.The
three-dimensiond-D effectof thepolesandzerogFig. 12(b)],
along with other options,suchas frequeng [Fig. 12(c)] and
impulseresponsefFig. 12(d)], canbevisualized.

4) Gibb’'sPhenomenon:Whengiventhefrequeng-domain
specifcations, windowing the inverse Fourier transformis a
commontechniqueusedto designfilters in DSP. The GUI in
Fig. 13depictstheripple effectsof Gibb’s phenomenoraused
by truncating.

5) Filter Design: Filter designdemosfor finite-impulsere-
sponsgFIR) filters andinfinite-impulserespons€IIR) filters
canbe usedto illustrate the effects of filtering real-world sig-
nals.The demoshave optionsto view the pole-zergplots of fil-
ters, the magnitudeand phaseresponseof the designedfilter
[Fig. 14(b)], andto selectaudiosignalsandseeandhearthe ef-
fectsof filtering them.A frequeng samplingtechniquefor FIR
filter designis shawvn in Fig. 14. The effect of filtering alinear
chirp signalusingthedesignedilter is illustratedin Fig. 14(c).
Also includedin the GUI areoptionsto control thefilter type
andcutoff frequencies.

6) Decimation: The differencebetweensubsamplingand
decimationis describedintuitively in Fig. 15. The aliasing
introduced becauseof subsamplingis visually obvious in
Fig. 15(c), where the spectrumreplicasoutsidethe [, 7]
digital frequeny bandhave enteredthe [, =] band (note
the reverseddirection of the triangular bands).Selectingthe
low-passfilter optionin the GUI filters the original signalwith
an appropriatelow-passfilter before subsamplingn orderto
preventary aliasing,evidentin Fig. 15(d). The aliasingeffects
areaudiblewhenthe subsampledignalsareplayed.

Besidesthe elementaryexamplesdiscussedpreviously, a
number of other demosexplain conceptsin Fourier series,
discrete Fourier transforms, filter design, multirate DSP
short-timeFourier transforms,etc. A medianfilter demo (for
audioandimages)wasalsodevelopedto illustratethe superior
performanceof nonlinearfilters over linear systems.

V. CONCLUSION

The importanceof stressingpracticalapplicationsin a DSP
coursehasbeenprevalentfor alongtime now. Making DSPac-
cessiblgo anever-graving nonexpertaudiences highly desir-
able.In thispaperalibrary of demonstrationbuilt, andsuccess-
fully usedat UT-Austin, intuitively introducethe conceptsof
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required Thereforethe SIVA visualizationpackages provided
freeonthe World Wide Web[29] for pedagogipurposesMore
than40userdrom variouscountriesarealreadyusingSIVA for
their projectsandasa teachingtool for signalandimagepro-
cessingcourseslt is thehopeof theauthorghatthis paperwill
succeedn attractingthe attentionof mary more DSPinstruc-
torsto the availability of SIVA.

Encouragedy the succes®f thesevisualizationdn tandem
with classlectureswork is in progresgo build anothervisual-
ization in the areaof digital video processingThe video pro-
cessinglemosn SIVA will usetheLabVIEW ervironmentand
IMAQ Visionto demonstratsuchkey conceptaismotionesti-
mationandcompensationnotion-compensatefiltering, video
compressiorandreconstructionthe effects of noise,and pre-
processingTheresultsfrom thesedemoscanbecomparedoth
objectiely (e.g.,peaksignalto noiseratio) andsubjectvely for
assessmeuff videoreconstructiomuality. Within mary demos,
userswill have the optionto vary computatiormethodsfor ad-
ditionalcomparisonFig. 16,for examplellustratestheestima-
tion of opticalflow betweenwo scene®f avideo.

To illustrate a practical optical flow estimatingtechnique,
the motion-estimatiordemoshavn in Fig. 17 allows the use
of differentsearchmethodssuchasthe three-stepsearchthe
crosssearchor bruteforce,anddifferentmatchmethodssuch
asthe minimum mean-squarerror, maximumabsolutediffer-
ence maximummatching-pixel count,or maximumcorrelation
[34]. In addition, mary demoswill operateon live video ac-
quiredin-classinto LabVIEW from a digital camcordeanda
laptoplEEE 1394/frewire port. Thesedemoswill addflexibility
andintrigue to the learning processand help emphasizeboth
the simplicitiesandthe intricaciesof video processingwhich
may be overlooked whenusinga predeined setof videosthat
have controlledacquisitionervironmentsThenetresultwill be
apackageof simple,qualitative, yet practicalvideo processing
learningtools.

TheLabVIEW demoswill be corvertedto LabVIEW player
format in the near future, making unnecessaryhe needfor
local copiesof LabVIEW ontheclientend.lt is alsoproposed
to expandsuchtools to encompassignal-processingspects
of waveletsin the coming months.The availability of the free

digital signalprocessing@nddigitalimageandvideoprocessing MATLAB-basedWavelab packag€35] is a strongmotivation

to a disparateaudienceconsistingof graduateand undegrad-
uatestudentdrom a variety of backgroundsTheseclassesre

for building thesedemosusing MATLAB. The authorsare
optimistic that theselibraries will be instrumentalin adding

amazinglypopular typically attractingmorethan 80 students valueto the way digital video processingandwaveletswill be
perclassin recentsemesterstheinertiato developsuchdemos taughtat UT-Austin and, hopefully, at mary otheruniversities

is understandablsincea high investmenbf time andeffort is

aroundthe world.
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