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Abstract
We presentthe rationale, description,and critique of

a first course in image computingthat is not a tradi-
tional computervision principles-and-toolscourse. ”Vi-
sual Interfacesto Computers” is insteadcomplementary
to standard ComputerVision, User Interface, andGraph-
ics courses;in fact, VI:CV::UI:G. It is organizedby case
studiesof robust working visual systemsthat usecamera
input for data or control informationin serviceof higher
usergoals,such asGUI control, useridentification,or au-
tomobilesteering. ManyCVscientificprinciplesandengi-
neeringtoolsare therefore taught,aswell asthoseof psy-
chophysics,AI, andEE, but taughtselectivelyandalways
within the context of total systemdesign. Coursecontent
is derivedfrom conferenceand journal articles and PhD
theses,augmentedwith videotapesandreal-timewebsite
demos.Studentsdotwohomeworkassignments,oneto de-
signa ”visual combinationlock”, andoneto parsean im-
age into English. They alsodo a final paperor projectof
their ownchoosing, oftenin teamsof two, andoftenwith
surprisinglydeepresults.Thecourseis assistedby a cus-
tom C-basedtool kit, ”XILite”, a user-friendly (and bug-
free)modificationof Sun’s X-windowsImage Library for
our lab’s camera-equippedSunworkstations.Thecourse
hasbeenofferedtwiceto a wideaudienceto goodreviews.

1 Intr oduction
We presentthe rationale,description,and critique of

Columbia University Departmentof ComputerScience
courseCOMS W4735,Visual Interfacesto Computers,a
three-pointlectureand lab offering taken predominantly
by computerscienceseniorsasoneof their”technicalelec-
tive” coursesto fulfill their requirementsfor theCSmajor.
Wefirst describethemotivationandpedagogicalviewpoint
behindits design,andshow its relation to othercourses.
We thenreview anddiscussits contentanddelivery. We
describethehomework assignmentsandprojectrequired,
noting the software that makes it possible,and indicate
someof the notablesystemsthat the studentsproduced.

Weconcludewith acritical assessmentof thecourse,from
thestandpointsof boththestudentsandtheinstructor.

1.1 Rationale
Astheprocessing,storage,andcommunicationcapacity

of computersincrease,it becomespossibleto useimagery
intelligently asa direct form of input. Imagescanbeused
for far more than simply transmittingpictures; they can
be usedto query, update,andgovernsystems.More im-
portantly, they cannow beusedin thesewaysin both the
classroomandin theundergraduatelaboratory. Thiscourse
exploresthe algorithmsand systems,largely experimen-
tal, thatunderstandandmanipulatevisualdatadirectly, in
waysthat extendthe power of keyboard,mouse,or even
speechinput. Theemphasisis on full working systemsin
whichvisualinput is aprincipalcomponent,but not theul-
timatesystemfocus: all thesesystemsdo ”real work” in
serviceto somehigherusergoal. This visualmodalityof
input is thereforebestviewedasthecomplementaryoppo-
site of computergraphics.That is, it anticipatesthe near
futurein which thecamerais asessentiala partof a work-
stationenvironmentasthedisplayscreen.

This course is thereforea complementto both CS
W4731,ComputerVision, andCSW4170,UserInterface
Design. Our standardComputerVision course,like most
others,concentrateson the physical,psychophysical,ge-
ometrical,mathematicalunderpinningsof thescience,but
generallyhaslittle time for explorationsof thedesignand
performanceof full systems.In thisway, ComputerVision
coursesarenot dissimilarin spirit to coursesin Computer
Graphics.On theotherhand,UserInterfacecoursestend
to stressvisualoutputto theneartotal exclusionof visual
input; they tendtowardmice input instead,with anocca-
sionalnod to speechinput. Thegoalsof this courseis to
dotoComputerVisionwhatUserInterfacesdoestoGraph-
ics: it examinessystemlevel questionsof userinteraction
andsystemperformance,exceptthat it doesit all with re-
spectto visual inputs ratherthan outputs. Like UI, this
coursecanbe designedandtaughtin parallelto its foun-



dationcourse;this courseemphasizesbreadthof coverage
andsignificanceof designdecisionsover depthof theory
andexactnessof mathematicaldetail.

However, of necessity, this courseis research-oriented.
Therearecurrentlyrelatively few existingcommercialsys-
temsthatusecamerasfor morethansimpleimagecapture
and transmission.Trying to prize anything resemblinga
technicalprospectusoutof thosefew companiesthatmake
their incomefrom visual input is virtually impossible,for
obviousmarketplacereasons.Nevertheless,the research-
orientedflavor hasbeenenthusiasticallywelcomedby the
undergradswhohave takenthecourse,sincefor many this
hasbeentheir first exposureto experimentalsystemsthat
haven’t yet beencodifiedin a textbook.

1.2 Relation to CSCurriculum
Thecourserequiresthe sameprerequisitesasdoesthe

ComputerVision course,namely, CSW3139,DataStruc-
turesand Algorithms. For both coursesthis courseand
ComputerVision, thecourseCSW4701,Artificial Intelli-
gence,is helpful but not required.Clearly, for this course,
ComputerVision is alsohelpful,but it is not required;this
courseis self-contained.

Thecourseis thereforepotentiallyopento sophomores,
but areview of theactualenrollmentsshow that70%of the
studentsareundergraduates(or ”older” studentsreturning
from the workplaceto completetheir undergraduatede-
gree)andpredominantlyseniors;the remaining30% are
first yeargradstudents.Thecourse,offeredtwicesofar(in
Fall 1997andFall 1999),hasdrawn from 40to 50students
eachoffering,aboutcomparableto thecoursein Computer
Vision. An additional10 studentsin thedistance-learning
Master’s programhave takenit by tapein theSummersof
1998and1999,a relatively high numberby thestandards
of theColumbiaVideoNetwork whichoffersit.

The lack of any subject-specificprerequisiteimplies
thatcarehastobetakentoexplainfromtheirbeginningsall
thosesystemcomponentsandalgorithmsthatarejudgedto
becritical to systemsuccess.However, having a complete
andfinal designstructureof aworkingsystemin hand,this
is easedsubstantiallyby beingable to link suchcompo-
nentsandalgorithmsto eachother, andto critically discuss
their contributions to overall systemperformance. One
drawbackof thisapproach,otherthantheobviousonethat
many descriptionsof suchsystemstake a fair amountof
basicprinciplesandtools for granted,is that thecoverage
of thematerialof ComputerVision is bothscatter-shotand
somewhat somewhat repetitive. This is particularly true
sinceworkingsystemstendtoplaceanemphasisonsimilar
robust,oftenstatistically-based,techniques,ratherthanon
morevariedabstractresults,suchasthoseof physics-based
vision, or thoseof blackbox algorithmsdemonstratedon
severelylimited data.Thisdoesincreasetheburdenonthe

instructor;on theotherhand,theinstructoris freeto select
thesystemsandis freeto emphasizethosesystemcompo-
nentsviewedto bethemostcritical.

2 CourseContent and Delivery
Thecourseis basicallyanintroductionto theuseof vi-

sualinputasdataandfor controlof computersystems.It is
a survey andanalysisof the architecture,algorithms,and
underlyingassumptionsof commercialand researchsys-
temsthat: recognizeandinterprethumanhandandbody
gestures,index into a databaseof picturesto retrieve re-
lated images,generatenatural languagedescriptionsof
medicalor mapimagery, steerautomobilesautomatically,
monitor large outdoorareasfor typesof activity, analyze
imagery such as fingerprint or iris patternsfor security
data,anddo other tasks. Along the way, the courseex-
plores,in varyingdepth,the foundationsof thesesystems
in humanpsychophysics,cognitive science,andartificial
intelligence.
2.1 Scientificand EngineeringThemes

Despiteits case-studyorientation,thecourseappearsto
beorganizedaround,andcontinuallyrepeats,fiveunifying
principlesaboutvisualinput systems.

� Visualdatais comingtobeanintegralpartof comput-
ing. Thecamerawill becomeasessentialasthekey-
board,mouse,andmicrophoneasin dataandcontrol
device. Nor is visualdatajust somethingto compress
andtransmit;it canbeusedto makedecisionsthrough
intelligentprocessing.

� Intelligent data reduction is absolutely necessary.
Most visual input will be thrown away, andmuchof
therestis processedqualitatively, which oftenmeans
statistically. Often,successis measuredqualitatively
too,againstsometimescompetingperformancegoals,
suchasaccuracy versusprecision.

� Deepspatialand temporalstructuresexists and can
serve to guidedatareductions.Thesestructuresare
oftenbasedonpsychophysics,andaresometimesex-
plicitly formalizedin user-definedor HiddenMarkov
Model-elicitedgrammarsor rulesof inference.

� Systemsarebasedonscientificprincipleswhichunify
phenomenainto asmallnumberof equivalentclasses.
Becauseof this,thesesystemscanoftenpredictfuture
behavior for novel inputs, or under improved hard-
wareor software. In short,thesesystemsareextensi-
ble,predictable,measurable,andtunable.

� Systemsare basedon engineeringdesigndecisions
which deliberatelyexplore flexibility versusperfor-
mancetradeoffs. Consequently, much emphasisis



placedon domainengineering,wherethe principles
of physicsandgeometrydo thework evenbeforethe
computergetsthedata,andonastudyof humanlimits
andpreferences,whichdictatethenecessaryprecision
anddesiredresponsetimes.

Becauseof therangeof systemsthatcantake visualin-
put,thecourseeventuallycovermany of thetoolsandtech-
niquesof ComputerVision, but unequallyandin varying
depths.Among theseare: visual sensortechnology, pro-
jective geometry, stereomatching,color spacesandpsy-
chophysics,statisticalthresholding,morphologicaloper-
ators, Hough transforms,edgefollowing and fitting by
snakes, geometricmoments,shapeapproximations,neu-
ral nets, hidden markov models, eigenspaces,physical
modeling for robotic control, affine transformsfor spa-
tial matching,dynamicprogramminganddistancemetrics
for temporalmatching,taskgrammars,spatialreasoning,
appliedgraphsearchalgorithms,iterative learningtech-
niques,hardwareassistancevia DSPs,ROCsandotheran-
alytic measuresof performance,and the ubiquitouscon-
cernsof domainengineering.

Theemphasisin thecourseis neitheron equationsnor
coding, and thereforetendstowardscomparative design
overviews. In particular, severalof thedocumentswerede-
liberatelychosenfor thecoursebecausethey providecom-
plementaryalternative designs. For example,Kjeldsen’s
gestureunderstandingsystemis in many waysahigh-level
andcognitive oppositeto the low-level andsensor-based
oneof SegenandKumar; the Navlab AI-basedapproach
to vehicleguidancecontrastswith the RALPH neural-net
one; the paperof Wildes containswithin it a comparison
of his iris identificationsystemwith anotherby Daugman
basedon many differentdesignchoices;etc. Every sys-
tem presentsalternative ways in which massive amounts
of dataarereliably reduced,in spectrum,in space,in time,
andultimately, in meaning.
2.2 Detailsof the Content

Thereis asyet no singletext thatgathersanddiscusses
suchvisualinterfaces.Thecoursematerialsthereforecon-
sistmainly of reprintsof researcharticles. Severalexam-
plesof working systemsareavailable for explorationon
the Web, on the sitesof the authorsof the articles. The
courseis givenin oneof theuniversity’s ”electronicclass-
rooms”,so that in every third classor so,demosavailable
overthewebareusedto illustratetheconcepts.In general,
we have found that if a demois worth displayingonce,it
is worth displayingthreetimes: the first asoverview, the
secondfor talking-overandinterruptionto elaborateideas,
andthe third assummary. (The studentshave not found
thiswastefulof classtime.)

We detail below the papersselected,andcommenton
their majorcontributionsto thethemesof thecourse.Not

all of thepapersareperfectlywell-chosen,but wesumma-
rize our thinking in why they havebeenselectedandwhat
thelecturesattemptto bringoutof them.

Paperson Visual Gesture Inter pretation

� Frederik Kjeldsen, ”Visual Interpretationof Hand
Gesturesas a Practical Interface Modality”, Ph.D.
Thesis, Columbia University, 1997. This is the
paradigmaticpaperfor thecourse,andit takesabout
7 of 28 lectures. It describesa systemfor usingthe
visual interpretationof gestureto control a graphi-
cal userinterfacevia a gesturegrammar. Thesystem
splits low level handtracking,recognizedby binary
thresholdvision, from handposerecognitionby neu-
ral nets. The paperprovidesa overview of the psy-
chologicaltheoryof gesture,discussesdomainengi-
neeringissuesincludingcalibrationanddigital signal
processingassists,detailsskin detectionvia training
andnormalizationand thresholding,discussesmod-
elsof thehandasa physicalmasswith dampingand
springforces,derivesanaffine mappingof imageco-
ordinatesto world coordinates,elaborateson thecon-
structionandtrainingof neuralnets,derivesandtunes
taskgrammars,fits evaluationdatato known models
of humanperformancesuchasFitts’ law. Thework is
accompaniedby a videotapeof thesystemin opera-
tion.

� J.Segen,andS.Kumar, ”Shadow Gestures:3D Hand
PoseEstimationUsing a Single Camera”,Proceed-
ingsof theIEEEConferenceonComputerVisionand
PatternRecognition,1999. This is a type of foil to
Kjeldsen,substitutinga reductionof time-densedata
for thereductionof space-densedata,andintroduces
projective geometry, boundarytracking,andextrema
detection.It providesevaluationstatistics,with appli-
cationstoseveraldomains,completewith gooddown-
loadablevideosof thesystemin operation.

� Axel Mulder, ”HumanMovementTrackingTechnol-
ogy”, TechnicalReport94-1, Simon FraserUniver-
sity Schoolof Kinesiology, July 1994. This is an
earlyoverview of visualmethodsandassisthardware
for humanlimb detection.It providesa taxonomyof
ways to monitor body or body part position, and a
review of varioussensortechnology:all from annon-
CSperspective(notethe”Kinesiology”).

� Robb Lovell and John Mitchell, ”Using Human
Movement to Control Activities in Theatrical En-
vironments”,TechnicalReport,Institute for Studies
in the Arts, Arizona StateUniversity, 1995. This
paperreviews Videoplace,one of the oldest(1976)



and non-CSways of using visual input to control
artistic creationsin a theaterenvironment. Includes
very straightforward low-level vision re-inventedby
an non-expert. It is interestingthat even the control
panelwhich programmedthe systemto relateges-
turesto theatricalexperienceswasitself controlledby
gestures!It alsoreviews the Virtual Stage,a second
old interfacefor the arts, which includeda specific
grammarto mapgesturesto actions.Vision ideasre-
discoveredand clearly describedinclude ”hotspots”
which detectthe presenceor absenceof a person,a
bodypart,a primitive motion,or stillness,in orderto
controlactionssuchasMIDIs, or robotsdirectingthe
stagelights.

� Mark Torrance,”Advancesin Human-ComputerIn-
teraction: The Intelligent Room”, CHI’95 Research
Symposium,1995. This paperis mostly usefulasa
forecastof visual interfaces,particularlyfor thecon-
ferenceroomof thefuture(virtual Post-Itnotes,etc.).
Supplementarywebmaterialdescribesparticularsuc-
cesseswith body understanding,specificallystereo
trackingof peoplewithin clutteredenvironments,plus
somediscussionsaboutdomainengineeringandhu-
manlimits. It comeswith an interestingrelatedweb
site with videosof children’s visual interactionsin
several environments,and videos of gesturalinter-
actionswith a ”personalizedathletictrainer” demon-
stratingtheconceptof temporaltemplates.

� Andrew Wilson,AaronBobick,JustineCassel,”Tem-
poral Classificationof NaturalGestureandApplica-
tion to VideoCoding”,Proceedingsof theIEEECon-
ferenceonComputerVisionandPatternRecognition,
1997. This paperprovides a detailedanalysisof a
hiddengrammarbehind”natural” gestures,combin-
ing psychologyand computervision. It introduces
the ideasof semanticvideo compression,using im-
ageryreducedin size, time, and resolution,and the
idea of the eigendecompositionof a mainly static
videosequence.HiddenMarkov Modeltechnologyis
describedasa way to extracta simplegesturegram-
mar, with commentaryon temporalmodeling. Ac-
companying websitevideohasvideo illustrationsof
thetechniques.

Paperson Visual Information Retrieval

� AmarnathGuptaandRameshJain,”Visual Informa-
tion Retrieval”, Communicationsof the ACM, Vol.
40, No. 5, May 1997. This paperis a fine overview
introducingtheissuesof encodingof imageandvideo
informationfor databasesin termsof spectral,textu-

ral, spatial,and temporalfeatures,and their combi-
nations(for example,mixed shapegraphs),and the
issuesof userinterface,suchasinteractionsthrough
usersketchingor shapingof regionsandmotions. It
alsodetailscurrentdeficienciesin visualinterfacesto
suchsystems,andthe relative absenceof agreement
in how to measuretheeffectivenessof suchsystems.

� Myron Flickner, HarpreetSawhney, WayneBiblack,
JonathanAshley, QuanHuang,Byron Dom, Monika
Gorkani,Jim Hafner, DenisLee, DragutinPetkovic,
David Steele,PeterYanker, ”Query by Image and
VideoContent:TheQBIC System”,IEEEComputer,
September1995. This is a fine overview of onethe
first workingvisualinterfacesto visualdatabases,and
is complementedby one of the bestweb demosil-
lustratingits conceptof iterative andinteractive user
queryrefinement.It addressesstandardlow-level vi-
sionalgorithmsfor color, texturemodels,andshape,
includingregion-filling andsnakes.It introducessev-
eralconceptsin motionanalysis,particularlywith re-
spectto videoshot-detection.

� JohnSmith, Shih-FuChang,”VisualSEEk:A Fully
Automated Content-BasedImage Query System”,
ACM Multimedia 96. This highly compactpaper
presentsseveral engineering-basedoptimizationsfor
visual retrieval, derived from statisticalobservations
of color andshapedistributionsof imageryin visual
databases.The interestingideasof color setand2-
D shapestringsareintroducedastypesof coarse-fine
approximationsto search;they alsoelaborateoncolor
distancemetrics. The paperconcludeswith a strong
exampleof analyticperformanceevaluationvia sev-
eralinterestingwell-controlledsimulations,aswell as
actualqueries.Severalwebdemosallow experimen-
tation (but arestartingto disappear;the studenthas
graduatedto industry).

Paperson Natural LanguageInter pretation

� Alicia Abella, ”From Imagery to Salience: Loca-
tiveExpressionsin Context”, Ph.D.Thesis,Columbia
University, 1995. This papersurveys thepsycholog-
ical, linguistic, andartificial intelligenceliteratureon
thedeepsemanticencodingsof position,orientation,
andspatialrelationshipsof objects,thenshows how
objectsin thesecircumstancesarebestto beapproxi-
matedby best-fitellipses. Prepositionsareencoded
as geometricrelationshipsof theseapproximations,
andarefilteredby common-senserulesof spatialin-
ferencewhich reflecteithera novice or expert level
of userfamiliarity with theenvironment.Theselatter



mapinto two kindsof symbolicoptimization:Quine-
McClusky andDijsktra algorithms,respectively. The
paperconcludeswith empiricaltestsof theeffective-
nessof the generateddescriptions,in the context of
pathdescriptionsin complex environments.A video
tapeillustratesthesystematwork.

Paperson Visual Guidanceof Vehicles
� Charles Thorpe, Martial Hebert, Takeo Kanade,

Steven Shafer, ”Vision and Navigation for the
Carnegie-MellonNavlab”, IEEETransactionsonPat-
tern AnalysisandMachineIntelligence,Vol 10, No.
3, May, 1988. An agingbut usefulmodelof the AI
approachto visual interfaces.It givesa detailedsys-
tem designwith several interactingcomponents,the
lowestlevel of which modelsroadsasstatisticalcol-
lectionsof colorson a planethatdiffer from off-road
colors. The methodusesHoughtransformto detect
road centerline,and a learningtechniqueto update
roadcolor estimates.It hasan discussionof coordi-
nationof modules,includingthosesensingtheworld
via rangesensors,but is mainly interestingin thean-
thropomorphicflavor of its design.

� Dean Pomerleau,”RALPH: Rapidly Adapting Lat-
eral PositionHandler”, TechnicalReport,Carnegie-
Mellon University, 1995.Thispaperservesasa won-
der foil to Navlab, cutting out much of its system
in orderto optimizeperformancebasedon a few as-
sumptionsof thevisualinput. Highly redundanttem-
poraldatareplacesthecarefulanalysesof spatialdata;
the systemclearly shows the impact of 10 yearsof
hardwaredevelopment.Nevertheless,retainsa learn-
ing componentto gracefullyadjustto changingvisual
input,verysimilar in spirit to its predecessor.

Paperson Visual Surveillance
� ChrisStauffer, andW.E.L.Grimson,”AdaptiveBack-

groundMixtureModelsfor Real-timeTracking”,Pro-
ceedingsof theIEEEConferenceonComputerVision
andPatternRecognition,1999. Most notablefor its
excellentinteractiveon-linedemo,thispaperis anex-
ercisein robuststatisticalmodelingof absolutelyun-
controlledvisual input (i.e. continuousdayandnight
imagerytaken of the outdoorsfrom an office). It is
usefulasa repriseof theconceptsof statisticalcolor
learningmethods.

Paperson Visual Methodsfor Biometrics
� Anil Jain, Lin Hong, SharathPankanti, and Ruud

Bolle, ”An Identity-AuthenticationSystem Using

Fingerprints”,Proceedingsof theIEEE,Vol. 85, No.
9, September1997. This overview of visual input
for identificationvia fingerprintsalsosurveys(visual)
biometricsasa field. Most of thepaperis a detailed
descriptionof designchoicesmadeto optimizecap-
tureandprocessing,with heavy emphasison datare-
ductionultimately leadingto coarse-fineapproachto
visualmatchingof deriveddata,notunlike thatusein
thecoarse-finemethodsof Smith’svisualdatabasere-
trieval system.Empiricalperformancedatais clearly
describedandevaluated,andcontrastedto facerecog-
nition performance.

� RichardWildes,”Iris Recognition:An EmergingBio-
metric Technology”,Proceedingsof the IEEE, Vol.
85, No. 9, September1997. This prize-winningpa-
per hasa completedetaileddescriptionnot only of
its own designfor this form of visual input, but a
running comparisonof thesedesignchoiceswith a
competitor’s. It discussesthe necessarydomainen-
gineeringrequiredto obtain good iris imagery, and
theHoughtransformsnecessaryto modelthem. The
systemis notablein that differentspatialresolutions
of iris patternshaveimagefeaturesarrangedin differ-
entspatialpatterns(flecks,rings,radiallines);thepa-
perdiscusseshow thesediffering perceptionscanbe
weighedtogetherin a singleevaluationusingproba-
bilistic measuresof closeness.Performanceis care-
fully analyzed.

3 CourseDeliverables
Basedon the experiencesof the first offering of the

courseand studentfeedback,the secondoffering of the
coursewastunedto requirethefollowing workload,which
wasjudgedby thesecondoffering’sstudentsto beapprox-
imatelyappropriatefor theamountof coursecredit.

Therearetwo homeworksworth 20% each,which are
designedto be completedin the undergraduateworksta-
tion laboratoryusing (for Homework 1) customcamera-
orientedsoftwareand(for Homework 2) customdatasets
and modified version of the program, ”xv”. However,
muchof this is portableandit waspermitted,andnot un-
usual,for studentsto do the work on their own PCs. A
deliberatefeatureof the two assignmentswasthat 1/4 of
the gradedependedon the student’s designof a creative
extensionof thebasicrequirementsof theassignment.

Basedonlongexperience,acourseprojectproposalwas
requiredin orderto ensurereasonableexpectationsby both
instructorand students. To make it a seriousattemptat
design,it wasgraded,discussedprivately, andworth10%.
Studentshad the option for the final project to do either
a paperor a project,eithersingly or in teamsof two. In
thefirst offering,1/3 of theclassdid a project,usuallyon



theirhomePCs,usuallyin teamsof two. But by thesecond
offering of the course,the numberof projectsroseto 2/3
of the class,againin teams,but mostly in the undergrad
lab, in largepartbecauseof theavailability of thecustom
software.Detailsof thecoursedeliverablesfollow.

Homework 1 (worth 20% of the final grade) Thefol-
lowing is anabridgeddescriptionof thisassignment,which
comesearlyin thecourse,afterthematerialonhumanges-
tural interfaces. It basicallycalls for the repeatedcalcu-
lation and verificationof the centerof massof a binary
thresholdedimagetakenin a well-designedenvironment.

This homework is a theoreticandprogrammingexplo-
ration of spatialdescriptionminimization and inference,
given restrictedvisual data. The goal of this assignment
is to take a shortsequenceof visual images,andto deter-
minefrom themif theuserhasplacedsomebodypart(s)in
a predeterminedsequenceof locations. For example,the
programcanaskfor two imagesof theuser’s handon the
table,anddecideif thehandis in theupperleft in thefirst
image,thenin the lower right in the second.Many other
variantsarepossible,and,in fact,partof thegradedepends
on how creative thedomainengineeringandthegrammar
hasbeen.

The assignmentis done(preferentially)in the under-
graduateworkstationlab,in C or C++,ononeof thedozen
or so SUN workstationstherethat have a camera,using
custommodifiedSunVideoimage-handlingsoftwareavail-
ableon theclasswebpage.Theassignmenthasfour steps
of equalvalue:

� Domain engineeringstep. This requiresselectinga
body partanda backgroundwith goodcontrast,and
capturingacolorJPEGimage.Theimageryis viewed
with theprogram,”xv”, andconvertedto PPMformat
with theprogram,”convert”.

� Datareductionstep.Usingthecustomsoftwarewith
headerfilesandmethodfiles thathandlePPMformat,
find thecenterof massof thebodypart.

� Parsingandperformancestep.Definea grammarfor
handlingthesymbolicdataderivedfrom theimagery,
includingvarioustolerancesfor its symbols.Runthe
grammaron at least10 differentsequences,at least
seven of which succeedand at leastthreeof which
fail; explain thefailures.

� Creativity step.To get full credit for theassignment,
youhaveto dosomethingof yourown designbeyond
theupperleft to lower right handplacementstatedas
default. For example,you can usethe user’s head,
or headandhandin combination;you canallow the
domainto vary in someway; the combinationlock

couldincludea resetsignal,or somedecoy positions,
or waysto signalwhich partof thesequence”really”
shouldbe processed;you can userelative positions
ratherthanabsoluteones;youcanuseposesthatvary
in area(e.g. closedfists, karatechops,flat palms),
etc. Whatever variation is chosenshouldaffect the
grammarfor parsing,andit shouldbedocumentedin
thecode.

Homework 2 (worth 20% of the final grade) Thefol-
lowing isanabridgeddescriptionof thisassignment,which
comesmid-way in the course,after the materialon natu-
ral languagedescriptionof imagery. It basicallycalls for
geometriccalculationsmadeon previouslysegmentedand
labeledbinary informationtaken from a widely available
mapof theColumbiaUniversitymaincampus.

The goal of this assignmentis to write a programthat
describesthelocationof a”visitor” to the”Columbiacam-
pus”. More accurately, you are to modify the standard
image-viewing program”xv” so that it displaysa binary
imageof themaincampusasseenfrom above,andwhich
respondsto any mouseclick within it with anEnglishde-
scriptionof wherethe visitor would be. For example,it
could print out ”Inside Low” or ”BetweenSchapiroand
Uris” or ”Southof DodgeandNorthof Journalism”.

Muchof thecodewill befoundon thewebpage,asare
therequiredimages.You mainjob is to encodethebuild-
ingsasshapes,to determinetheirspatialrelationshipswith
the(x,y) coordinatethatthemouseclick will giveyou,and
to filter out any relationshipsthatareunnecessarybecause
they canbe easily inferred. For example,if the visitor is
”Southof Uris”, it is not necessaryto alsosay”South of
Schapiro”,as this can be inferred from the relation that
”Uris is Southof Schaprio”.

Theassignmenthasfour stepsof equalvalue:

� Basic infrastructure. Uncompressand compile the
softwarepackageconsistingof a modifiedversionof
thecodefor ”xv” which you alsowill bemodifying,
a Makefile to generateyour own customversionof
”xv”, someutility files,andthreedatafiles. Left click-
ing on the campusmap displayedby this program
shouldprint to thestandardoutputthex andy coordi-
natesof themouselocationin theimage.Changethe
codesothat it printsout for eachnon-zerocodeinte-
gerthatis clickedonthefollowingbuildingshapefea-
tures:the(x,y) of thecenterof mass,thearea,andthe
upperleft andlowerright coordinatesof its minimum
boundingrectangle(MBR), andtheEnglishstringof
its name.

� Creatingsimplespatialrelations.Designandcodethe
boolean-valuedfunctionsfor In(x,y,N), North(x,y,N),



South(x,y,N), East(x,y,N), and West(x,y,N). Each
function takes the coordinatesof the mouseclick
(x,y), and the building code integer N, and returns
true if the”visitor” is in thegivenrelationshipto the
”building”.

� Filter simple spatial relationshipsusing transitivity.
Usea graphrepresentationof therelationships.

� Creativity step.Youmustaddat leastonemorefilter-
abletrinary spatialrelationshipto the mix, andfilter
it. For example,youcandoBetween(which is static,
involving onevisitor positionandtwo buildings), or
do MovingAlongSideOf(which is dynamic, involv-
ing thevisitor’spresentlocation,thevisitor’sprior lo-
cation,andonebuilding), or somethingelse.

Paper/project proposal(worth 10% of the final grade)
Thefollowing is requiredapproximatelyatmidterm,andit
is gradedanddiscussedwith the studentin orderto fore-
stall three software engineering-relatedphenomenaob-
served in prior project-orientedcourses.First, most stu-
dentsattemptprojectsthatareanorderof magnitudelarger
in scopethanis appropriatefor a three-creditcourse:they
basicallytry to do MS theses.Demandingsomeearlyde-
signwork anda forecasthelpsboth instructorandstudent
narrow the topic to onethat is reasonable.Second,most
studentsstarttoo late,andmostoften to their own regret,
asthey generallyenjoy doinga self-defineedproject. The
proposalgetsthemstartedearlier. Third, teamsof more
thantwo simplydon’t work: they endupaspitchedbattles
betweenthe”doers”andthe”slackers”,who arevariously
definedby the participants.The proposallimits teamsto
two anddemandstwiceasmuchfrom them.

Basically, theproposalasksfor thespecificationsof the
proposedprojector paper;the anticipatedmethods,data,
andresults;anda sizablebibiliography. The following is
anabridgedversionof thecall for proposals.

For a paper, of about20 pages:Investigateandreport
on the stateof the art in humanand/or machinevisual
and/orspatialperception.You arenot requiredto make an
original contribution,althougha well-written papermight
seepublication. You mustshow someevidenceof an at-
temptatasynthesis,thus,thelastfour or fivepagesshould
serve future readersin theareaasa personalguide. Prior
coursepapershave included:analysesof currentcommer-
cial systems(suchasiris verification,fingerprintanalysis,
blood cell analysis,robot spacecraft),analysesof current
researchsystems(gestureor sign languageanalysis,face
recognition,gesturalcontrolof robots),or designsfor new
visualinterfaceapplicationareas(psychologyof visualin-
terfaces,musical instrumentsimulation, robotic delivery
vehicles).

For a project, with a demoand writeup of about10
pages:Programup a small versionof somevisual input
processorof humandata.Two dimensionaldataareaccept-
able. You canusea real-timecamera,or just a real cam-
era,or input thathasbeendigitizedoff-line. Theemphasis
shouldbeontheassertionof asmallsymbol:abinarydeci-
sionlikeanauthorization,or atokenfrom asmallsetlikea
gestureclass,perhapswith modifyingscalardata,likecer-
tainty factors,positions,speeds,etc. Prior courseprojects
have included:a visualburglaralarm(demonstratedin my
own office),a systemwhichdetectedclasschangingtimes
from avideoof campuspedestriantraffic, andtwo separate
systemsusing”visual passwords” for computerlogins.

For both: Theproposalshoulddescribethephenomena
or programto be investigated,the limits you have placed
on the investigation,at leastfive major references,a two-
pagesketchof the anticipatedmethodsandresults,anda
descriptionof any specialhelpthatmayberequired.

Projector paperideascanbetake from, amongothers,
themedicaldomain,thesecurityandsurveillancedomain,
thesportingworld, theart world. Systemscanincludevi-
suallogin controlby face,motion,or pose;simpleactivity
sensors;userreinforcementof visualdatabaseretrieval. [In
theactualdocument,this list wasconsiderablyelaborated.]

Paper/project (worth 50% of the final grade) Due at
final exam time (therewas no courseexamination),was
either the 20-pageresearchpapersurveying someaspect
of visual interfaces,or the demonstrableworking project
documentedwith a10-pagewrite-up.

The paperstendedto be straightforward,with two no-
tablesocialphenomenatakingplace.Thefirst wasthatfew
paperswerewrittenin teams,but thosethatwereturnedout
to beinferior, evengiventheirgreaterlength,to thosewrit-
tensingly. Thesecondwasthatover thetwo courseoffer-
ingsandtwo summers,threestudentsattemptedto submit
astheir own work someone’s Master’s thesis;theaverage
timeto locatetheoriginaldocumentontheInternetwas15
minutes,by usingpropernamesfrom thebibliographies.

Theprojectsin generalwereagreatsuccessonboththe
instructorandstudentsides,althoughmany of themwere
so dependenton careful tuning to their environmentthat
wemadetherulethatthesystemsmustbedevelopedin the
sameplacethey wereto bedemonstrated.Nonetheless,it
wascommonto offer abadlyfailing projecttheoptionof a
secondchancelater in examweek.Thenetresultwasthat
for thesecondofferingof thecourse,virtually all projects
weredemonstratedin the undergraduateworkstationlab-
oratory, a semi-publicplace. Thus, many demoshad an
smallinformalaudienceof theirpeers;theaddedpressure,
whichwasmidwaybetweenasolodemonstrationin thein-
structor’s office anda full-blown show-and-tellin front of



the full class,seemedto be just theright amountfor opti-
mal focusandperformanceof thepresenter(s).

Someof the bestprojectsarealreadydescribedin the
call for proposaldocumentabove. But perhapsthe most
notableprojectwasonein thesecondoffering,whichused
a combinationof backgroundsubtractionand skin color
matchingto derive the approximateoutline of the user’s
headand(separately)the user’s face. Then,basedon the
observationthat mostuser’s faceswererimmedwith hair
on the top andsides,it calculatedfrom theseseparateim-
agestherelative displacementsof their visualcenters.By
modelingtheheadasa sphere,this leadto a simplecalcu-
lationof headtilt andpan,roughlybasedon theprojection
of the vectorfrom the centerof the the headto the tip of
the nose. Thus, in real time, the systemwasable to su-
perimposeon the imageof theuser’s heada smiley-faced
spherewhoseposition,size,andtwo anglesof orientation
exactly mirrored the motionsof the userin X, Y, Z, tilt,
andpan.Theproject,impressiveasit was,wasdoneunder
pure”vanilla” circumstances:an otherwiseacademically
undistinguishedundergraduate,using only the hardware,
software,andtheoryprovidedby thecourse.

4 CourseTools
Theability tooffer thecoursedependedontheavailabil-

ity of a largeenoughnumberof mutually interchangeable
workstationswith cameras.Our undergraduateworksta-
tion laboratoryhasabouta dozenSun stationsequipped
with cameras,anda (clumsyandbuggy)softwarepackage
from Sunfor accessingdata,calledthe XIL (X-windows
ImageLibrary). We wereableto rework that library, and
blendit with someadditionalimage-referencingcodefrom
theComputerVisioncourse,sothata new package,called
XILite, is now available.It handlesimagecapture,window
management,andmousequerywithin awindow, obviating
theneedfor specialversionsof ”xv”. It is alsonicelycom-
patiblewith C or C++, and is virtually bug-free. It was
writtenby theTAs for thesecondofferingof theclass,two
talentedseniors,andis availableon request.

In lieu of the lab hardwareandsoftware,we notethat
cheapcamerasfor usewith laptopsaresurprisinglycom-
mon,andthatwith Linux, mostof thecodewritten for the
courseis portableto them. Several of the classprojects
evenin thesecondofferingof thecourseweredoneonlap-
tops,althoughonly oneprojectuseascompletelydifferent
imageinfrastructure.

5 Critique
The coursehasbeenofferedtwice. The first offering,

offeredin trial asa ”Topicsin CS” course,requiredonly a
courseproject,andwas(surprisingly?)down-ratedby the
studentsfor the lack of work during thesemester. Never-
theless,the classwasrated4.3 out of 5.0 in quality. The

secondoffering addressedthe workload issue,and pro-
videdcustomsoftwaresothatthemajority of thestudents
wereable to do two lab assignmentsanda teamproject.
Thisofferingwasrated4.6outof 5.0.Commentsindicated
thatthecoursewas”veryinteresting”and”enjoyable”,and
thatstudentsthoughtit should”becomea mainstayin the
curriculum.”

This instructorfeelsthat futureofferingscould include
anexam,althoughit is not easyto write quantitativeques-
tions in a coursethat stressesqualitative designanalyses
andcomparisons.Suchanexamwould have to besome-
whatessay-like,exceptperhapsfor somequestionsexplic-
itly referringto thelabexercises.

It remains an open question how idiosyncratic the
courseis. Thebasicoutlinesaregeneralenoughthatother
instructorscantailor thesystems,papers,algorithms,and
principlesthatarecoveredto theirown expertiseandpref-
erences. If the analogyto User Interfacesholds, there
wouldbealot of waysto teachvisualsystemswithoutnec-
essarilyrequiringa deepunderstandingof ComputerVi-
sion.This is botha strengthanda weakness;probablyany
suchcoursewill necessarilybe heavily influencedby the
viewpoint of the instructor. Thepresentcoursedoeslean
heavily on two recentPhDthesesadvisedby this instruc-
tor; however, any ComputerVision researcherwith an in-
terestandfamiliarity in psychophysics,psychology, artifi-
cial intelligence,andsoftwareengineeringcouldprobably
replacethesetwo theseswith comparableinvestigations.

In general,this instructor is very pleasedwith about
2/3 of the referencesused,andwill probablyreplacethe
other1/3 in the third offering of thecourse.Thestudents
don’t seemto mind beingasked to pay a duplicationfee
for themin lieu of thecostof atextbook,andexpressinter-
estandsatisfactionat theexperienceof beingleadthrough
state-of-the-artresearchdocuments.More problematicis
theassociatedwebcontent,someof which have provento
be ephemeral,evenover the courseof only two years. It
is imperative to teachthe coursein an electronicmedia-
enhancedclassroom,evenif thestudentscanplaywith the
URLs privately, asmany of thebestpointsby talkingover
thedemos.

Thesuccessof bothofferingsof thecoursehasinspired
thecreationof a trial VisualDatabasescoursenext, based
on the contentof the middle lecturesof this course,first
offeredin Spring2000.


