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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 Computes” is insteadcomplementary
to standad Computenision, User Interface and Graph-
ics courses;in fact, VI:CV::UI:G. It is organizedby case
studiesof robust working visual systemghat usecamen
input for data or contml informationin serviceof higher
usergoals,sud asGUI contmol, useridentification,or au-
tomobilesteering ManyCV scientificprinciplesandengi-
neeringtoolsare therefore taught,aswell asthoseof psy-
chophysicsAl, and EE, but taughtselectivelyand always
within the contet of total systendesign. Course content
is derivedfrom confeenceand journal articles and PhD
thesesaugmentedvith videotapesandreal-timewebsite
demos Studentslo two homeavork assignmentgneto de-
signa "visual combinationlock”, andoneto parseanim-
age into English. They alsodo a final paperor project of
their own choosing oftenin teamsof two, and oftenwith
surprisinglydeepresults. Thecourseis assistedy a cus-
tom C-basedool kit, "XILite”, a userfriendly (and bug-
free) modificationof Suns X-windowslmage Library for
our lab’s camer-equippedSunworkstations.Thecourse
hasbeenofferedtwiceto a wideaudiencdo goodreviews.

1 Intr oduction

We presentthe rationale, description,and critique of
Columbia University Departmentof Computer Science
courseCOMS W4735, Visual Interfacesto Computersa
three-pointlecture and lab offering taken predominantly
by computeiscienceseniorsasoneof their"technicalelec-
tive” coursedo fulfill theirrequirement$or the CSmajor.
Wefirst describehemotivationandpedagogicaliewpoint
behindits design,and shaw its relationto othercourses.
We thenreview anddiscussits contentand delivery. We
describethe homevork assignmentand projectrequired,
noting the software that makes it possible,and indicate
someof the notablesystemsthat the studentsproduced.

We concludewith acritical assessmemtf thecoursefrom
the standpoint®f boththe studentsandtheinstructor

1.1 Rationale

Astheprocessingstorageandcommunicatiorcapacity
of computersncreaseit becomegpossibleto useimagery
intelligently asa directform of input. Imagescanbe used
for far more than simply transmittingpictures;they can
be usedto query update,and govern systems.More im-
portantly they cannow be usedin thesewaysin boththe
classroonandin theundegraduatéaboratory Thiscourse
exploresthe algorithmsand systems Jargely experimen-
tal, thatunderstancéndmanipulatevisual datadirectly, in
waysthat extend the power of keyboard,mouse,or even
speechnput. The emphasiss on full working systemsn
whichvisualinputis a principalcomponentbut nottheul-
timate systemfocus: all thesesystemsdo "real work” in
serviceto somehigherusergoal. This visual modality of
inputis thereforebestviewedasthe complementarpppo-
site of computergraphics. Thatis, it anticipateshe near
futurein whichthe cameras asessentiah partof a work-
stationervironmentasthedisplayscreen.

This courseis thereforea complementto both CS
W4731,ComputerVision,andCSW4170,UserInterface
Design. Our standardComputerVision course like most
others,concentratesn the physical, psychophysicalge-
ometrical,mathematicalinderpinning®f the science put
generallyhaslittle time for explorationsof the designand
performancef full systemsin thisway, Computeiision
coursesarenotdissimilarin spirit to coursesn Computer
Graphics.On the otherhand,UserInterfacecoursegend
to stressvisual outputto the neartotal exclusionof visual
input; they tendtoward mice input instead,with an occa-
sionalnodto speechinput. The goalsof this courseis to
doto ComputeNisionwhatUserInterfacesloesto Graph-
ics: it examinessystemlevel questionof userinteraction
andsystemperformanceexceptthatit doesit all with re-
spectto visual inputs ratherthan outputs. Like Ul, this
coursecanbe designedandtaughtin parallelto its foun-



dationcoursethis courseemphasizebreadthof coverage
andsignificanceof designdecisionsover depthof theory
andexactnes®f mathematicatietail.

However, of necessitythis courseis research-oriented.

Therearecurrentlyrelatively few existingcommerciabys-
temsthatusecameragor morethansimpleimagecapture
and transmission.Trying to prize anything resemblinga
technicalprospectusut of thosefew companieshatmake
theirincomefrom visualinput s virtually impossible for
obvious marketplacereasons.Neverthelessthe research-
orientedflavor hasbeenenthusiasticallywelcomedby the
undegradswho have takenthe course sincefor mary this
hasbeentheir first exposureto experimentalsystemshat
haven't yet beencodifiedin atextbook.

1.2 Relationto CS Curriculum

The courserequiresthe sameprerequisitegs doesthe
ComputerVision coursenamely CSW3139,DataStruc-
turesand Algorithms. For both coursesthis courseand
ComputerVision, the courseCSW4701, Artificial Intelli-
gencejs helpful but notrequired.Clearly; for this course,
ComputenVisionis alsohelpful, but it is not required;this
courses self-contained.

Thecourseds thereforepotentiallyopento sophomores,
but areview of theactualenrollmentshav that70%of the
studentsaareundegraduategor "older” studentgeturning
from the workplaceto completetheir undegraduatede-
gree)and predominantlyseniors;the remaining30% are
firstyeargradstudentsThecoursepfferedtwice sofar(in
Fall 1997andFall 1999),hasdrawvn from 40to 50 students
eachoffering,aboutcomparabldéo thecoursein Computer
Vision. An additional10 studentsn the distance-learning
Masters programhave takenit by tapein the Summersof
1998and 1999, arelatively high numberby the standards
of the ColumbiaVideo Network which offersit.

The lack of ary subject-specifiqprerequisiteimplies
thatcarehasto betakento explainfrom theirbeginningsall
thosesystencomponentsandalgorithmsthatarejudgedto
be critical to systemsuccessHowever, having a complete
andfinal designstructureof aworking systemn hand this
is easedsubstantiallyby beingableto link suchcompo-
nentsandalgorithmsto eachother, andto critically discuss
their contributions to overall systemperformance. One
drawbackof this approachptherthantheobviousonethat
mary descriptionsof suchsystemsake a fair amountof
basicprinciplesandtoolsfor grantedjs thatthe coverage
of thematerialof ComputetVisionis bothscattershotand
somavhat somevhat repetitve. This is particularly true
sinceworking systemdendto placeanemphasi®nsimilar
robust, oftenstatistically-basedechniquestatherthanon
morevariedabstractesults suchasthoseof physics-based
vision, or thoseof black box algorithmsdemonstratedn
severelylimited data.This doesincreasehe burdenonthe

instructor;on theotherhand theinstructoris freeto select
the systemsandis freeto emphasiz¢hosesystemcompo-
nentsviewedto bethe mostcritical.

2 CourseContentand Delivery

The courseis basicallyanintroductionto the useof vi-
sualinputasdataandfor controlof computesystemsit is
a sunwey andanalysisof the architecturealgorithms,and
underlyingassumption®f commercialand researchsys-
temsthat: recognizeandinterprethumanhandand body
gesturesjndex into a databasef 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,and do othertasks. Along the way, the courseex-
plores,in varying depth,the foundationsof thesesystems
in humanpsychophysics¢ognitive science,and artificial
intelligence.
2.1 Scientificand Engineering Themes

Despiteits case-studyprientation the courseappearso
beorganizedaroundandcontinuallyrepeatsfive unifying
principlesaboutvisualinput systems.

e Visualdatais comingto beanintegral partof comput-
ing. Thecamerawill becomeasessentiahsthe key-
board,mouse andmicrophoneasin dataandcontrol
device. Nor is visualdatajust somethingo compress
andtransmit;it canbeusedo make decisionghrough
intelligentprocessing.

¢ Intelligent data reduction is absolutely necessary
Most visualinput will be thrown away, andmuchof
therestis processedjualitatively, which oftenmeans
statistically Often, successs measuredjualitatively
too,againssometimegsompetingperformanceoals,
suchasaccurag versusprecision.

e Deepspatialand temporalstructuresexists and can
sene to guide datareductions. Thesestructuresare
oftenbaseddn psychophysicsandaresometimesx-
plicitly formalizedin userdefinedor HiddenMarkov
Model-elicitedgrammarsor rulesof inference.

e Systemarebasednscientificprincipleswhichunify
phenomenanto asmallnumberof equivalentclasses.
Becausef this,thesesystemsanoftenpredictfuture
behaior for novel inputs, or underimproved hard-
wareor software. In short,thesesystemsareextensi-
ble, predictablemeasurableandtunable.

e Systemsare basedon engineeringdesigndecisions
which deliberatelyexplore flexibility versusperfor
mancetradeofs. Consequentlymuch emphasiss



placedon domainengineeringwherethe principles
of physicsandgeometrydo the work evenbeforethe
computegetsthedata,andonastudyof humanlimits
andpreferencesyhichdictatethenecessarprecision
anddesiredresponsgimes.

Becausef therangeof systemghatcantake visualin-
put, thecourseaventuallycovermary of thetoolsandtech-
niguesof ComputerVision, but unequallyandin varying
depths. Among theseare: visual sensortechnology pro-
jective geometry stereomatching,color spacesand psy-
chophysics statisticalthresholding,morphologicaloper
ators, Hough transforms,edge following and fitting by
shales, geometricmoments,shapeapproximationsneu-
ral nets, hidden markov models, eigenspacesphysical
modeling for robotic control, affine transformsfor spa-
tial matching dynamicprogramminganddistancemetrics
for temporalmatching,taskgrammarsspatialreasoning,
applied graph searchalgorithms, iterative learningtech-
nigues hardwareassistancgia DSPs,ROCsandotheran-
alytic measure®f performanceand the ubiquitouscon-
cernsof domainengineering.

The emphasisn the courseis neitheron equationsor
coding, and thereforetendstowards comparatie design
overviews. In particular severalof thedocumentsverede-
liberatelychoserfor the coursebecausehey provide com-
plementaryalternatve designs. For example,Kjeldsens
gesturaunderstandingystems in mary waysa high-level
and cognitive oppositeto the low-level and sensotbased
oneof Segenand Kumar;the Navlab Al-basedapproach
to vehicleguidancecontrastswith the RALPH neural-net
one; the paperof Wildes containswithin it a comparison
of hisiris identificationsystemwith anotherby Daugman
basedon mary differentdesignchoices;etc. Every sys-
tem presentsalternatve waysin which massie amounts
of dataarereliably reducedijn spectrumijn spacejn time,
andultimately, in meaning.

2.2 Details of the Content

Thereis asyet no singletext thatgathersanddiscusses
suchvisualinterfaces.The coursematerialshereforecon-
sistmainly of reprintsof researcharticles. Several exam-
ples of working systemsare available for explorationon
the Web, on the sitesof the authorsof the articles. The
courses givenin oneof the university’s "electronicclass-
rooms”,sothatin everythird classor so,demosavailable
overthewebareusedto illustratethe conceptsin general,
we have foundthatif a demois worth displayingonce,it
is worth displayingthreetimes: the first asoverview, the
secondor talking-overandinterruptionto elaboratédeas,
andthe third assummary (The studentshave not found
this wastefulof classtime.)

We detail belown the papersselectedand commenton
their major contritutionsto the themesof the course.Not

all of the papersareperfectlywell-chosenput we summa-
rize ourthinking in why they have beenselectecandwhat
thelecturesattemptto bring out of them.

Paperson Visual Gesture Inter pretation

e Frederik Kjeldsen, "Visual Interpretationof Hand
Gesturesas a Practical Interface Modality”, Ph.D.
Thesis, Columbia University, 1997. This is the
paradigmatigaperfor the course andit takesabout
7 of 28 lectures. It describesa systemfor usingthe
visual interpretationof gestureto control a graphi-
cal userinterfacevia a gesturegrammar The system
splits low level handtracking, recognizedoy binary
thresholdvision, from handposerecognitionby neu-
ral nets. The paperprovidesa overview of the psy-
chologicaltheoryof gesturediscusseslomainengi-
neeringissuedncludingcalibrationanddigital signal
processingssistsdetailsskin detectionvia training
and normalizationand thresholdingdiscussesnod-
els of the handasa physicalmasswith dampingand
springforces,derivesanaffine mappingof imageco-
ordinatego world coordinateselaboratesn thecon-
structionandtrainingof neuralnets,derivesandtunes
taskgrammarsfits evaluationdatato known models
of humanperformanceuchasFitts’ law. Thework is
accompaniedy avideotapeof the systemin opera-
tion.

e J.Sgen,andS. Kumar, "Shadav Gestures3D Hand
PoseEstimationUsing a Single Camera”,Proceed-
ingsof the|EEE Conferenceon Computenisionand
PatternRecognition,1999. This is a type of foil to
Kjeldsen,substitutinga reductionof time-densedata
for the reductionof space-densdata,andintroduces
projectve geometryboundarytracking,andextrema
detection It providesevaluationstatisticswith appli-
cationgo severaldomainscompletewith gooddown-
loadablevideosof the systemin operation.

e Axel Mulder, "THuman MovementTracking Technol-
ogy”, TechnicalReport94-1, Simon FraserUniver-
sity School of 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 varioussensotechnology:all from annon-
CSperspectie (notethe”Kinesiology”).

e Robb Lovell and John Mitchell, "Using Human
Movementto Control Activities in Theatrical En-
vironments”, TechnicalReport, Institute for Studies
in the Arts, Arizona State University, 1995. This
paperreviews Videoplace,one of the oldest(1976)



and non-CSways of using visual input to control

artistic creationsin a theaterervironment. Includes
very straightforward low-level vision re-inventedby

an non-epert. It is interestingthat even the control

panelwhich programmedhe systemto relate ges-
turesto theatricalexperiencesvasitself controlledby

gestures!lt alsoreviews the Virtual Stage,a second
old interfacefor the arts, which includeda specific
grammarto mapgesturego actions.Vision ideasre-

discoreredand clearly describednclude "hotspots”
which detectthe presenceor absencef a person,a

bodypart,a primitive motion, or stiliness,in orderto

controlactionssuchasMIDIs, or robotsdirectingthe

stagdights.

Mark Torrance,”Advancesin Human-Computein-
teraction: The Intelligent Room”, CHI'95 Research
Symposium,1995. This paperis mostly usefulasa
forecastof visualinterfaces particularlyfor the con-
ferenceroomof thefuture (virtual Post-Itnotes etc.).
Supplementarywebmaterialdescribeparticularsuc-
cesseswith body understandingspecifically stereo
trackingof peoplewithin clutteredervironmentsplus
somediscussionsaboutdomainengineeringand hu-
manlimits. It comeswith aninterestingrelatedweb
site with videos of children’s visual interactionsin
several ervironments,and videos of gesturalinter-
actionswith a "personalizedathletictrainer” demon-
stratingthe concepf temporattemplates.

Andrew Wilson, AaronBobick,JustineCassel; Tem-

poral Classificationof Natural Gestureand Applica-

tion to VideoCoding”, Proceedingsf the [EEE Con-

ferenceon Computeiision andPatternRecognition,
1997. This paperprovides a detailedanalysisof a

hiddengrammarbehind”natural” gesturescombin-
ing psychologyand computervision. It introduces
the ideasof semanticvideo compressionysing im-

ageryreducedin size,time, andresolution,andthe
idea of the eigen decompositionof a mainly static
videosequenceHiddenMarkov Modeltechnologyis

describedchsa way to extracta simplegesturegram-
mar, with commentaryon temporalmodeling. Ac-

compaltying web site video hasvideoillustrationsof

thetechniques.

Paperson Visual Information Retrieval

e AmarnathGuptaandRameshJain,”Visual Informa-
tion Retrieval”, Communication®of the ACM, Vol.
40, No. 5, May 1997. This paperis a fine overview
introducingtheissuef encodingpf imageandvideo
informationfor database termsof spectraltextu-

ral, spatial,and temporalfeatures,and their combi-
nations(for example, mixed shapegraphs),andthe
issuesof userinterface,suchasinteractionghrough
usersketchingor shapingof regionsandmotions. It
alsodetailscurrentdeficienciesn visualinterfaceso
suchsystemsandthe relative absencef agreement
in how to measurehe effectivenes®of suchsystems.

Myron Flickner, HarpreetSavhney, WayneBiblack,
JonatharAshley, QuanHuang,Byron Dom, Monika
Gorkani,Jim Hafner, DenisLee, Dragutin Petlovic,
David Steele,PeterYanlker, "Query by Image and
VideoContent:The QBIC System”,|IEEE Computey
Septembed 995. Thisis a fine overview of onethe
firstworkingvisualinterfacego visualdatabasegnd
is complementedy one of the bestweb demaosil-
lustratingits conceptof iterative andinteractie user
qgueryrefinement.It addressestandardow-level vi-
sion algorithmsfor color, texture models,andshape,
includingregion-filling andsnales. It introducesser-
eralconceptsn motionanalysis particularlywith re-
spectto videoshot-detection.

JohnSmith, Shih-FuChang,"VisualSEEK: A Fully
Automated Content-Basedmage Query System”,
ACM Multimedia 96. This highly compactpaper
presentseveral engineering-basedptimizationsfor
visual retrieval, derived from statisticalobsenations
of color and shapedistributions of imageryin visual
databases.The interestingideasof color setand 2-
D shapestringsareintroducedastypesof coarse-fine
approximationso searchthey alsoelaboratencolor
distancemetrics. The paperconcludeswith a strong
exampleof analytic performancesvaluationvia sev-
eralinterestingwvell-controlledsimulationsaswell as
actualqueries.Severalweb demosallow experimen-
tation (but are startingto disappearthe studenthas
graduatedo industry).

Paperson Natural Languagelnter pretation

e Alicia Abella, "From Imageryto Salience: Loca-

tive Expressiongn Contet”, Ph.D.Thesis Columbia
University, 1995. This papersuneys the psycholog-
ical, linguistic, andartificial intelligenceliteratureon
the deepsemanticencodingof position, orientation,
and spatialrelationshipsf objects,thenshovs how
objectsin thesecircumstancearebestto be approxi-
matedby best-fitellipses. Prepositionsare encoded
as geometricrelationshipsof theseapproximations,
andarefiltered by common-sensailesof spatialin-
ferencewhich reflecteithera novice or expert level
of userfamiliarity with the ervironment. Thesdatter



mapinto two kindsof symbolicoptimization:Quine-
McClusky andDijsktra algorithms,respectiely. The
paperconcludeswvith empiricaltestsof the effective-
nessof the generatedlescriptionsjn the context of
pathdescriptiondn complex ervironments.A video
tapeillustratesthe systemat work.

Paperson Visual Guidanceof Vehicles

e Charles Thorpe, Martial Hebert, Takeo Kanade,
Steven Shafer "Vision and Navigation for the
Carngjie-MellonNavlab”, IEEE Transaction®n Pat-
tern Analysisand Machinelntelligence,Vol 10, No.
3, May, 1988. An agingbut usefulmodelof the Al
approacho visualinterfaces.It givesa detailedsys-
tem designwith several interactingcomponentsthe
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 discussiorof coordi-
nationof modulesjncludingthosesensinghe world
via rangesensorsbut is mainly interestingin the an-
thropomorphidlavor of its design.

e DeanPomerleau,’"RALPH: Rapidly Adapting Lat-
eral PositionHandler”, TechnicalReport, Carngjie-
Mellon University, 1995. This papersenesasawon-
der foil to Navlab, cutting out much of its system
in orderto optimizeperformanceébasedon a few as-
sumptionsof thevisualinput. Highly redundantem-
poraldatareplaceshecarefulanalyse®f spatialdata;
the systemclearly shavs the impact of 10 yearsof
hardwaredevelopment.Neverthelesstetainsa learn-
ing componento gracefullyadjustto changingvisual
input, very similarin spirit to its predecessor

Paperson Visual Surveillance

e ChrisStaufer, andW.E.L. Grimson,”Adaptive Back-
groundMixture Modelsfor Real-timeTracking”, Pro-
ceeding®f thelEEE Conferencen ComputeNision
and PatternRecognition,1999. Most notablefor its
excellentinteractve on-linedemo this paperlis anex-
ercisein robuststatisticalmodelingof absolutelyun-
controlledvisualinput (i.e. continuousday andnight
imagerytaken of the outdoorsfrom an office). It is
usefulasa repriseof the conceptf statisticalcolor
learningmethods.

Paperson Visual Methodsfor Biometrics

e Anil Jain, Lin Hong, SharathPankanti, and Ruud
Bolle, "An Identity-Authentication System Using

Fingerprints”,Proceedingsf the IEEE, Vol. 85, No.

9, September1997. This overview of visual input
for identificationvia fingerprintsalsosurneys (visual)
biometricsasa field. Most of the paperis a detailed
descriptionof designchoicesmadeto optimize cap-
ture andprocessingwith heary emphasion datare-
ductionultimately leadingto coarse-fineapproacto

visualmatchingof deriveddata,not unlike thatusein

thecoarse-finenethodf Smith’'svisualdatabasee-
trieval system.Empirical performancelatais clearly
describedindevaluatedandcontrastedo facerecog-
nition performance.

e Richardwildes,”Iris Recognition‘An EmegingBio-
metric Technology”, Proceeding®f the IEEE, Vol.
85, No. 9, Septembe997. This prize-winningpa-
per hasa completedetaileddescriptionnot only of
its own designfor this form of visual input, but a
running comparisonof thesedesignchoiceswith a
competitors. It discusseshe necessargilomainen-
gineeringrequiredto obtain good iris imagery and
the Houghtransformsnecessaryo modelthem. The
systemis notablein that differentspatialresolutions
of iris patternhave imagefeaturesarrangedn differ-
entspatialpatterngflecks,rings,radiallines);the pa-
per discussesiow thesediffering perceptioncanbe
weighedtogetherin a singleevaluationusing proba-
bilistic measure®f closeness.Performances care-
fully analyzed.

3 CourseDeliverables

Basedon the experiencesof the first offering of the
courseand studentfeedback,the secondoffering of the
coursewvastunedto requirethefollowing workload,which
wasjudgedby the secondbffering’s studentso be approx-
imatelyappropriatdor theamountof coursecredit.

Therearetwo homevorks worth 20% each,which are
designedio be completedin the undegraduateworksta-
tion laboratoryusing (for Homawork 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 assignmentsvasthat 1/4 of
the gradedependedn the students designof a creatve
extensionof the basicrequirement®f theassignment.

Basednlongexperienceacourseprojectproposaivas
requiredn orderto ensuregeasonablexpectationdy both
instructorand students. To make it a seriousattemptat
design,it wasgradeddiscussegbrivately, andworth 10%.
Studentshad the option for the final projectto do either
a paperor a project, eithersingly or in teamsof two. In
thefirst offering, 1/3 of the classdid 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 undegrad
lab, in large partbecausef the availability of the custom
software.Detailsof the coursedeliverabledollow.

Homework 1 (worth 20% of the final grade) Thefol-
lowing is anabridgeddescriptiorof thisassignmentyhich
comesearlyin thecourseafterthematerialon humanges-
tural interfaces. It basicallycalls for the repeatecdcalcu-
lation and verification of the centerof massof a binary
thresholdedmagetakenin awell-designedervironment.

This homework is a theoreticand programmingexplo-
ration of spatialdescriptionminimization and inference,
givenrestrictedvisual data. The goal of this assignment
is to take a shortsequencef visualimages,andto deter
minefrom themif theuserhasplacedsomebodypart(s)in
a predeterminegequencef locations. For example,the
programcanaskfor two imagesof the users handon the
table,anddecideif the handis in the upperleft in thefirst
image,thenin the lower right in the second.Many other
variantsarepossibleand,in fact,partof thegradedepends
on how creative the domainengineeringandthe grammar
hasbeen.

The assignmenis done (preferentially)in the under
graduatevorkstationlab,in C or C++,ononeof thedozen
or so SUN workstationstherethat have a camera,using
custommodifiedSunMdeoimage-handlingoftwareavail-
ableontheclasswebpage.Theassignmenhasfour steps
of equalvalue:

e Domainengineeringstep. This requiresselectinga
body partanda backgroundwith good contrast,and
capturingacolor JPEGimage.Theimageryis viewed
with theprogram,’xv”, andcorvertedto PPMformat
with the program,’convert”.

e Datareductionstep. Using the customsoftwarewith
headefilesandmethodfiles thathandlePPMformat,
find the centerof massof the bodypart.

e Parsingandperformancestep. Definea grammarfor
handlingthe symbolicdataderivedfrom theimagery
including varioustolerancedor its symbols.Runthe
grammaron at least10 differentsequencesat least
saven of which succeedand at leastthree of which
fail; explainthefailures.

e Creatvity step. To getfull creditfor the assignment,
you haveto do somethingpf your own designbeyond
the upperleft to lower right handplacemenstatedas
default. For example,you canusethe users head,
or headandhandin combination;you canallow the
domainto vary in someway; the combinationlock

couldincludearesetsignal,or somedecq positions,
or waysto signalwhich partof the sequencéreally”
shouldbe processedyou can userelative positions
ratherthanabsoluteones;you canuseposeghatvary
in area(e.g. closedfists, karatechops,flat palms),
etc. Whatever variationis chosenshouldaffect the
grammarfor parsing,andit shouldbe documentedh
thecode.

Homework 2 (worth 20% of the final grade) Thefol-
lowing is anabridgeddescriptiorof thisassignmentwhich
comesmid-way in the course after the materialon natu-
ral languagedescriptionof imagery It basicallycalls for
geometriccalculationgnadeon previously segmentedand
labeledbinary informationtaken from a widely available
mapof the ColumbiaUniversitymaincampus.

The goal of this assignmenis to write a programthat
describeshelocationof a”visitor” to the”Columbiacam-
pus”. More accurately you are to modify the standard
image-viaving program”xv” sothatit displaysa binary
imageof the maincampusasseenfrom above, andwhich
respondgo arny mouseclick within it with an Englishde-
scription of wherethe visitor would be. For example, it
could print out "Inside Low” or "Between Schapiroand
Uris” or "Southof DodgeandNorth of Journalism”.

Much of thecodewill befoundonthewebpage asare
therequiredimages.You mainjob is to encodethe build-
ingsasshapesto determineheir spatialrelationshipsvith
the(x,y) coordinateghatthe mouseclick will giveyou,and
to filter outary relationshipghatareunnecessarlgecause
they canbe easilyinferred. For example,if the visitor is
"South of Uris”, it is not necessaryo alsosay”South of
Schapiro”, as this can be inferred from the relation that
"Uris is Southof Schaprio”.

Theassignmenhasfour stepsof equalvalue:

e Basicinfrastructure. Uncompressand compile the
softwarepackageconsistingof a modifiedversionof
the codefor "xv” which you alsowill be modifying,
a Makefile to generateyour own customversionof
"xv", someutility files,andthreedatafiles. Left click-
ing on the campusmap displayedby this program
shouldprint to the standardutputthex andy coordi-
natesof the mouselocationin theimage.Changehe
codesothatit printsoutfor eachnon-zerocodeinte-
gerthatis clickedonthefollowing building shapdea-
tures:the(x,y) of thecenterof masstheareaandthe
upperleft andlower right coordinate®f its minimum
boundingrectanglg MBR), andthe Englishstring of
its name.

e Creatingsimplespatialrelations.Designandcodethe
boolean-aluedfunctionsfor In(x,y,N), North(x,y,N),



South(x,yN), East(x,yN), and West(x,yN). Each
function takes the coordinatesof the mouseclick
(x,y), and the building codeinteger N, and returns
trueif the visitor” is in the givenrelationshipto the
"building”.

e Filter simple spatial relationshipsusing transitiity.
Usea graphrepresentatioof therelationships.

e Creatvity step.Youmustaddatleastonemorefilter-
abletrinary spatialrelationshipto the mix, andfilter
it. For example,youcando Between(whichis static,
involving onevisitor positionandtwo buildings), or
do MovingAlongSideOf(which is dynamic,involv-
ing thevisitor’'s presentocation,thevisitor’s prior lo-
cation,andonebuilding), or somethingelse.

Paper/project proposal(worth 10% of the final grade)
Thefollowing is requiredapproximatelyat midterm,andit
is gradedanddiscussedvith the studentin orderto fore-
stall three software engineering-relategghenomenaob-
sened in prior project-orienteccourses. First, most stu-
dentsattemptprojectsthatareanorderof magnituddarger
in scopethanis appropriatfor athree-creditourse:they
basicallytry to do MS theses.Demandingsomeearly de-
signwork anda forecasthelpsbothinstructorandstudent
narron the topic to onethatis reasonable Secondmost
studentsstarttoo late, andmostoftento their own regret,
asthey generallyenjoy doing a self-defineegroject. The
proposalgetsthem startedearlier Third, teamsof more
thantwo simply don't work: they endup aspitchedbattles
betweerthe "doers” andthe "slackers”, who arevariously
definedby the participants. The proposallimits teamsto
two anddemandswice asmuchfrom them.

Basically the proposakbsksfor the specification®f the
proposedrojector paper;the anticipatedmethods data,
andresults;anda sizablebibiliography Thefollowing is
anabridgedversionof thecall for proposals.

For a paper of about20 pages:Investigateandreport
on the stateof the art in humanand/or machinevisual
and/orspatialperception.You arenotrequiredto make an
original contribution, althougha well-written papermight
seepublication. You mustshov someevidenceof an at-
temptata synthesisthus,thelastfour or five pageshould
sene future readersn the areaasa personalyuide. Prior
coursepapershave included:analyse®f currentcommer
cial systemgqsuchasiris verification,fingerprintanalysis,
blood cell analysis,robot spacecraft)analysesof current
researctsystemggestureor signlanguageanalysis,face
recognition gesturakontrolof robots),or designsor new
visualinterfaceapplicationareagpsychologyof visualin-
terfaces,musicalinstrumentsimulation, robotic delivery
vehicles).

For a project, with a demo and writeup of about10
pages:Programup a small versionof somevisual input
processoof humandata.Two dimensionatlataareaccept-
able. You canusea real-timecamerar just a real cam-
era,or inputthathasbeendigitizedoff-line. Theemphasis
shouldbeontheassertiorof asmallsymbol:abinarydeci-
sionlike anauthorizationpr atokenfrom asmallsetlikea
gestureclass perhapsvith modifying scalardata like cer
tainty factors,positions,speedsetc. Prior courseprojects
have included:avisualburglaralarm(demonstrateth my
own office), a systemwhich detectectlasschangingimes
from avideoof campusgpedestriatraffic, andtwo separate
systemausing”visual passverds”for computerdogins.

For both: The proposakhoulddescribehe phenomena
or programto be investigatedthe limits you have placed
on the investigation at leastfive major referencesa two-
pagesketchof the anticipatednethodsandresults,anda
descriptiorof ary specialhelpthatmayberequired.

Projector paperideascanbetake from, amongothers,
themedicaldomain,the securityandsurweillancedomain,
the sportingworld, theartworld. Systemsanincludevi-
suallogin controlby face,motion,or pose;simpleactiity
sensorsyserreinforcemendf visualdatabaseetrieval. [In
theactualdocumentthislist wasconsiderablyelaborated.]

Paper/project (worth 50% of the final grade) Due at
final exam time (therewas no courseexamination),was
eitherthe 20-pageresearchpapersurweying someaspect
of visual interfaces,or the demonstrablavorking project
documentedvith a 10-pagewrite-up.

The paperstendedto be straightforvard, with two no-
tablesocialphenomensakingplace. Thefirst wasthatfew
papersverewrittenin teamshputthosethatwereturnedout
to beinferior, evengiventheirgreatedength,to thosewrit-
tensingly. The secondvasthatover thetwo courseoffer-
ingsandtwo summersthreestudentsattemptedo submit
astheir own work someones Masters thesis;the average
timeto locatetheoriginaldocumenbnthe Internetwas15
minutes by usingpropernamedrom the bibliographies.

Theprojectsin generalwereagreatsuccessnboththe
instructorand studentsides,althoughmary of themwere
so dependenbn carefultuning to their ervironmentthat
we madetherule thatthesystemsnustbedevelopedn the
sameplacethey wereto be demonstratedNonethelessit
wascommornto offer abadlyfailing projecttheoptionof a
seconcchancdaterin examweek. Thenetresultwasthat
for the secondbffering of the course yirtually all projects
were demonstratedh the undegraduatevorkstationlab-
oratory a semi-publicplace. Thus, mary demoshad an
smallinformal audienceof their peerstheaddedpressure,
whichwasmidwaybetweera solodemonstratioim thein-
structors office anda full-blown shav-and-tellin front of



thefull class,seemedo be justtheright amountfor opti-
malfocusandperformancef the presenter(s).

Someof the bestprojectsare alreadydescribedn the
call for proposaldocumentabove. But perhapsthe most
notableprojectwasonein the secondffering, which used
a combinationof backgroundsubtractionand skin color
matchingto derive the approximateoutline of the users
headand (separately}he users face. Then,basedon the
obsenationthat mostusers faceswererimmedwith hair
onthetop andsides,it calculatedrom theseseparatém-
agesthe relative displacementsf their visual centers.By
modelingthe headasa spherethis leadto a simplecalcu-
lation of headtilt andpan,roughlybasednthe projection
of the vectorfrom the centerof the the headto thetip of
the nose. Thus, in real time, the systemwas ableto su-
perimposeon the imageof the users heada smiley-faced
spherewhoseposition,size,andtwo anglesof orientation
exactly mirrored the motionsof the userin X, Y, Z, tilt,
andpan. Theproject,impressie asit was,wasdoneunder
pure”vanilla” circumstancesan otherwiseacademically
undistinguisheduindegraduate using only the hardware,
software,andtheoryprovidedby the course.

4 CourseTools

Theability to offerthecoursedependedntheavailabil-
ity of a large enoughnumberof mutuallyinterchangeable
workstationswith cameras. Our undegraduateworksta-
tion laboratoryhasabouta dozenSun stationsequipped
with camerasanda (clumsyandbuggy) softwarepackage
from Sunfor accessinglata,calledthe XIL (X-windows
ImagelLibrary). We wereableto rework that library, and
blendit with someadditionalimage-referencingodefrom
the ComputeVision course sothata new packagecalled
XILite, is now available.It handlesmagecapturewindow
managemengndmousequerywithin awindow, obviating
theneedfor specialversionsof "xv”. It is alsonicely com-
patiblewith C or C++, andis virtually bug-free. It was
written by the TAs for the secondffering of theclass two
talentedseniorsandis availableon request.

In lieu of the lab hardware and software, we note that
cheapcamerador usewith laptopsare surprisinglycom-
mon,andthatwith Linux, mostof the codewritten for the
courseis portableto them. Several of the classprojects
evenin thesecondffering of thecoursewveredoneonlap-
tops,althoughonly oneprojectuseascompletelydifferent
imageinfrastructure.

5 Critique

The coursehasbeenofferedtwice. Thefirst offering,
offeredin trial asa"Topicsin CS” coursefequiredonly a
courseproject,andwas(surprisingly?)down-ratedby the
studentdor the lack of work during the semesterNever-
thelessthe classwasrated4.3 out of 5.0in quality. The

secondoffering addressedhe workload issue, and pro-

vided customsoftwareso thatthe majority of the students
were ableto do two lab assignmentsnd a teamproject.

This offeringwasrated4.6outof 5.0. Commentsndicated
thatthecoursewas”v eryinterestingand’enjoyable”,and

thatstudentghoughtit should’becomea mainstayin the

curriculum?

This instructorfeelsthatfuture offeringscouldinclude
anexam,althoughit is not easyto write quantitatve ques-
tionsin a coursethat stressegjualitatve designanalyses
andcomparisons.Suchan examwould have to be some-
whatessay-lile, exceptperhapgor somequestionsxplic-
itly referringto thelab exercises.

It remainsan open question how idiosyncratic the
courses. Thebasicoutlinesaregenerakenoughthatother
instructorscantailor the systemspapersalgorithms,and
principlesthatarecoveredto their own expertiseandpref-
erences. If the analogyto User Interfacesholds, there
wouldbealot of waysto teachvisualsystemawvithoutnec-
essarilyrequiring a deepunderstandingf ComputerVi-
sion. Thisis botha strengthanda weaknessprobablyary
suchcoursewill necessarilybe heaily influencedby the
viewpoint of the instructor The presentcoursedoeslean
heavily ontwo recentPhD thesesadvisedby this instruc-
tor; however, ary ComputerVision researchewith anin-
terestandfamiliarity in psychophysicgpsychologyartifi-
cial intelligence andsoftwareengineeringcould probably
replacethesetwo thesesvith comparablénvestigations.

In general,this instructoris very pleasedwith about
2/3 of the referencesised,andwill probablyreplacethe
other1/3 in thethird offering of the course.The students
don't seemto mind being asked to pay a duplicationfee
for themin lieu of thecostof atextbook,andexpressnter
estandsatisfctionatthe experienceof beingleadthrough
state-of-the-artesearctdocuments.More problematicis
theassociatedveb content,someof which have provento
be ephemeralgven over the courseof only two years. It
is imperatie to teachthe coursein an electronicmedia-
enhancedalassroomevenif thestudentsanplay with the
URLs privately, asmary of the bestpointsby talking over
thedemos.

Thesucces®sf bothofferingsof the coursehasinspired
the creationof atrial Visual Databasesoursenext, based
on the contentof the middle lecturesof this course first
offeredin Spring2000.



