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Abstract

Thispaperdiscusseshowstereovisionachievedthroughthe
useof omnidirectionalsensors can helpmobilerobot nav-
igation providing advantages, in termsof both versatility
andperformance, with respectto theclassicalstereosystem
basedon twohorizontally-displacedtraditional cameras.

Thepaperalsodescribesanautomaticcalibrationstrat-
egyfor catadioptricomnidirectionalsensorsandresultsob-
tainedusinga stereo obstacledetectionalgorithm devised
within a general frameworkin which,with somelimitations,
manyexisting algorithm designedfor traditional cameras
canbeadaptedfor usewith omnidirectionalsensors.

1. Intr oduction
Theneedfor roboticsensorysystemsthatprovide a global
descriptionof the surroundingenvironmentis increasing.
In mobile roboticsapplications,autonomousrobotsarere-
quired to reactto visual stimuli that may comefrom any
directionat any momentof their activity, andto plan their
behaviouraccordingly. Thishasstimulatedgrowing interest
in omnidirectionalvision systems[1]. Suchsystemspro-
vide thewidestpossible�eld of view andobviatetheneed
for active camerasthat requirecomplex control strategies,
at thecostof reducedresolutionwith respectto traditional
cameras,thatdistributea smaller�eld of view on thesame
sensorsurface.

Recentroboticsandsurveillanceapplicationsin which
omnidirectionalsensorshave beenusedeffectively, as the
only vision sensoror jointly with other higher-resolution
non-omnidirectionalones,aredescribedin [2, 3, 4].

Applicationsof mobile roboticsin which robotsrely on
visionfor safeandef�cient navigationshareasetof features
andrequirements,often con�icting with oneanother, that
stronglyin�uenceapplicationdesigncriteria.Amongthese:

� robotsare immersedin a dynamicenvironment that
maychangequiterapidly, within andbeyondtheir�eld
of action;

� robotsrequirehigh-resolutionvision for accurateop-
erationwithin their �eld of action;

� robotsneedwide-anglevisionto beawareof whathap-
pensbeyondtheir �eld of actionandto react/planac-
cordingly.

Regarding the typical environmentwhere virtually all
indoor roboticsandmostoutdoorroboticstake place,fur-
ther considerationscan be madeabout the naturalpartial
structurationof the spacein which mobile robotsoperate.
Sucha spaceis usually inferiorly delimited by the plane
(�oor/ground) onwhichrobotsmoveandextendsvertically
up to whererobotscanseeor physicallyreach. The �oor
canthereforebeassignedtherole of referenceplanein the
main tasksin which mobile robotsare routinely engaged
duringnavigation,namelyself-localization,obstacledetec-
tion, free-spacecomputation.We could thereforecall it a
2D augmentedenvironment,to underlinethat the two di-
mensionsalongwhich the�oor extendsareprivilegedwith
respectto the third dimension. Even within theselimita-
tions,robotsactuallyoperatein a3D environmentandtheir
operationcantake advantageof 3D information.Stereovi-
sionis thereforeappealingto severalnavigationtasks.

However, traditional stereo vision setups, made up
of two traditional camerasdisplacedhorizontally, hardly
satisfy the above-mentionedrequirementsof autonomous
roboticsapplications.The useof omnidirectionalsensors,
besidesproviding the robot with obvious advantagesin
termsof self-localizationcapabilities,canbeextremelyuse-
ful alsoto extract3D informationfrom theenvironmentus-
ing stereoalgorithms.

In section2 we introducea sensormodel,basedon the
joint useof anomnidirectionalsensoranda traditionalone,
with whichpowerful stereoalgorithmscanbeimplemented.
We thenbrie�y comparesucha modelwith traditionaland
fully-omnidirectionalstereosetups.In section3 wepropose
a framework within which a particularclassof algorithms
for omnidirectionalsensorscanbe easilydeveloped,asan
extensionof traditionalstereoalgorithms,with almostno
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extraoverhead.Sucha classof algorithmsthatareapplica-
ble to 2D augmentedenvironments,which includesmany if
not mostreal-world applications,canbe termedthequasi-
3D (q3D) class. More precisely, it comprisesalgorithms
that canexploit thepresence,in theenvironment,of a ref-
erenceplanefor whicha transform(theInversePerspective
Transform)exists, which allows for the recovery of visual
informationthrougharemappingoperation.A fastandsim-
ple auto-calibrationprocessthatallows for sucha mapping
is describedin section4. In section5, asan example,we
eventuallydescribethebasicsof anef�cient obstacledetec-
tion algorithmdevelopedwithin this framework.

2. Hybrid and fully-omnidir ectional
stereovision sensors

Using traditionalstereosystems,typically madeup of two
traditional camerasalignedand displacedalong the hori-
zontalaxis,hasseveraldrawbacksin mobilerobotapplica-
tions.Amongthem:

� theconstraintsimposedby thecon�gurationof thetwo
traditionalcamerasneededto obtainsuf�cient dispar-
ity oftencon�ict with thegeneralrequirementsof the
applicationsfor which thestereosystemis used;

� theresulting�eld of view of thestereosystemis much
smallerthanthe,alreadylimited, �eld of view of each
of thetwo cameras.

The �rst drawbackmainly affectsrobot design,sinceit
requiresthata front anda rearsideof the robot be clearly
de�ned. This canbea severelimitation whenholonomous
robotsareused.With a traditionalstereosetup,any recon-
�guration of the (strongly asymmetric)vision systemre-
quiresthatbothcamerasberepositionedandmightpossibly
call for structuralmodi�cations.

Theseconddrawbackis particularlyrelevantin dynamic
environments. If one considersthat a robot movement
shouldbe ideally exclusively �nalized to performing the
task of interest,it is immediatelyevident how penalizing
it is for the robot having to move itself just to secondits
own perceptualneeds.

Using omnidirectional sensorsis bene�cial with re-
gard to both problems. Here, we consider two mod-
els, a hybrid omnidirectional/pin-holesystemanda fully-
omnidirectionalone.

In particular, it is clear that a symmetriccoaxial fully-
omnidirectionalmodelasthe onebrie�y discussedin sec-
tion 2.1 can solve both problems. However, the solution
comesat the costof a lower resolutionin the far �eld and
of the lossof horizontaldisparitybetweenthe two views,
whichmaybealsounacceptablein someapplications.

Figure1: A fully-omnidirectionalsensormodel(above)and
theInversePerspectiveTransform(seesection3) imagesof
a simulatedRoboCup�eld with four robotsanda ball ob-
tainedwith suchamirror con�guration(uppersensorbelow
on theleft, loweronebelow on theright).

A way to obtainstereoimages,providing therobotwith
both low-resolutionomnidirectionalvision in the far �eld
andhigh-resolutionvision in the near�eld while keeping
the�eld of view aswideaspossible,is to useasensormade
upof bothanomnidirectionalcameraanda traditionalone.

In the following, after showing the resultsof a simula-
tion of a fully-omnidirectionalsystemto provide a feeling
of how imagesacquiredby suchsystemsmaylook like,we
describein detailsHOPS(Hybrid Omnidirectional/Pin-hole
System),a stereomodelthat tries to achieve a goodtrade-
off, with particularattentionto mobile robot applications,
betweenthe featuresprovidedby omnidirectionalandtra-
ditionalsystems.

2.1. Fully omnidir ectional model
A fully-omnidirectionalstereomodelusestwo omnidirec-
tional sensorsfor stereo-disparitycomputation.In �gure 1
we show preliminaryresultsof a simulatedvision systems
madeup of two catadioptricomnidirectionalsensors.We
have taken into considerationa con�guration in which the
vision sensorsareplacedoneabove the other, andsharea
commonaxis

�

(�gure 1, aboveon theright) perpendicular
to thereferenceplane.
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Figure2: The two hybrid sensorprototypes:HOPS1and
HOPS2.

The main drawback of sucha coaxial con�guration is
that it providesno lateral stereodisparity (seesection5),
whichmakeobstaclesrecognizableonly exploiting vertical
stereodisparity. On the otherhand,dealingwith a stereo
sensorhaving two sensorswith parallelaxesis morecom-
plicated,bothin termsof construction,sizeandcalibration.

2.2. Hybrid omnidir ectional/pin-holemodel
HOPS(of which two prototypesareshown in �gure 2) is a
hybrid vision sensorthat integratesomnidirectionalvision
with traditionalpin-holevision,to overcomethelimitations
of the two approaches.If a certainheightis neededby the
traditionalcamerato achievea reasonable�eld of view, the
topof theomnidirectionalsensormayprovideabasefor the
traditionalCCD-camerabasedsensorthatcanleanon it, as
shown in �gure 2. In theprototypeshown in �gure 2a the
traditionalcamerais �x edandlooksdown with a tilt angle
of about����� with respectto thegroundplaneandhasa�eld
of view of about���

�
. To obtainbothhorizontalandvertical

disparity betweenthe two images,it is positionedoff the
centerof thedevice. The'blind sector'causedby theupper
cameracableon the lower sensoris placedat an angleof

�

���
�

with respectto aconventional'front view', in orderto
relegateit to thebackof thedevice. If a lowerpointof view
is acceptablefor thetraditionalcamera,it canalsobeplaced
below the omnidirectionalsensor, provided it is out of the
�eld of view of the latter. The top of the device is easily
accessible,allowing for easysubstitutionof thecatadioptric
mirror. Consequently, alsothecameraholderon which the
upwards-pointingcamerais placedcanbemovedupwards
or downwards,to adjustits distancefrom themirror. In the
prototypein �gure 2b, the traditionalcamerais positioned
laterallyabove theomnidirectionalsensoron a holderthat

Figure3: Exampleof imagesthatcanbeacquiredthrough
theomnidirectionalsensor(left) andthroughtheCCDcam-
era(right) of theHOPS1prototype.

canbemanuallyrotated.
An exampleof the imagesthatcanbeacquiredthrough

thetwo sensorsof the�rst prototypeis providedin �gure 3.
Theaimswith which HOPSwasdesignedareaccuracy,

ef�ciency andversatility. The joint useof a standardCCD
cameraand of an omnidirectionalsensorprovides HOPS
with differentandcomplementaryfeatures:while theCCD
cameracanbe usedto acquiredetailedinformationabout
a limited region of interest,theomnidirectionalsensorpro-
videswide-range,but lessdetailed,informationaboutthe
surroundingsof thesystem.HOPS,therefore,suitsseveral
kinds of applicationsas, for example,self-localizationor
obstacledetection,andmakesit possibleto implementpe-
ripheral/fovealactivevision strategies: thewide-rangesen-
soris usedto acquirea roughrepresentationof a largearea
aroundthesystemandto localizetheobjectsor areasof in-
terest,while the traditionalcamerais usedto enhancethe
resolutionwith which theseareasare thenanalysed.The
differentfeaturesof thetwo sensorscanbeexploitedin both
a stand-aloneway aswell asin a combineduse.In particu-
lar, asdiscussedin section5, HOPScanbeusedasa stereo
sensorto extract three-dimensionalinformation aboutthe
scenethatis beingobserved.

3. General framework for stereoalgo-
rithm development

Imagesacquiredby thecamerason-boardtherobotsareaf-
fectedby two kinds of distortions:perspective effectsand
deformationsthatderive from theshapeof thelensthrough
which the sceneis observed. Given an arbitrarily chosen
referenceplane(typically, the�oor/groundonwhichrobots
move), it is possibleto �nd a function 	�

� ������������� ��� that
mapseachpixel in the image ����� � onto the corresponding
point 	�
�� � of a new image 	 (with coordinates� �"! ) that
representsa bird's view of the referenceplane. Limiting
one's interestto thereferenceplane,it is possibleto reason
on thesceneobservingit with no distortions.Themostap-
pealingfeature,in this case,is thata directcorrespondence
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betweendistancesonthereconstructedimageandin thereal
world canbeobtained,which is a fundamentalrequirement
for geometricalreasoning.This transformationis oftenre-
ferredto asInversePerspective Transform(IPT) [5, 6, 7],
sinceperspective-effect removal is the mostcommonaim
with which it is performed,even if it actually represents
only apartof theproblemfor which it providesa solution.

If all parametersrelatedto thegeometryof theacquisi-
tion systemsandto thedistortionsintroducedby thecamera
wereknown, the derivationof � could be straightforward.
However, this is notalwaysthecase,mostoftenbecauseof
the lack of anexactmodelof cameradistortion. However,
it is often possibleto effectively (andef�ciently) derive �

empirically usingpropercalibrationalgorithms,asshown
in next section.

TheIPT playsanimportantrolein severalroboticsappli-
cationsin which �nding a relevant referenceplaneis easy.
This is true for most indoor Mobile ServiceRoboticsap-
plications(suchassurveillanceof banksandwarehouses,
transportationof goods,escortfor peopleatexhibitionsand
museums,etc.),sincemostobjectswhichtherobotobserves
andwith which it interactslie in facton thesameplanesur-
faceof the �oor on which the robot is moving. Sinceour
systemhasbeenmainly testedwithin theRoboCup1 envi-
ronment,in the following we will take it asa casestudy.
In RoboCupeverythinglies on theplaying�eld andhardly
raisesigni�cantly above,ashappens,for example,with the
ball. Therefore,theplaying �eld canbe takenasa natural
referenceplane.

In therestof thepaperwe will show how a generalem-
pirical IPT mappingcanbeapplied,evenmoreeffectively,
alsoto catadioptricomnidirectionalsensors.The intrinsic
distortionof suchsensors,especiallywith respectto thetyp-
ical imageswith which humansareusedto dealing,makes
direct imageinterpretationdif�cult, sincea differentrefer-
encesystem(polarcoordinates)is implicitly 'embedded'in
theimagesthusproduced.However, their circularsymme-
try allows for a simpli�cation of theIPT computation.

Exploiting this featurein implementingtheIPT for cata-
dioptric omnidirectionalsensors,we have devisedan ef�-
cientautomaticcalibrationalgorithmthatwill bedescribed
in thenext section.

4. Omnidir ectional sensorcalibration
In computing �

�

, the generalizationof the IPT for a cata-
dioptricomnidirectionalsensor, theproblemis complicated
by thenon-planarpro�le of themirror; on theotherhand,
thecircularsimmetryof thedeviceprovidestheopportunity
of dramaticallysimplifying suchaprocedure.

If the re�ecting surfacewereperfectlymanufactured,it
would be suf�cient to computejust the restriction of �

�

1visit http://www.robocup.org for moreinformation.

alongoneradiusof themirror projectionontheimageplane
to computethe whole function. However, possibleman-
ufacturing�a ws may affect both the mirror shapeandthe
smoothnessof its surface.In additiontosingularitiesthatdo
notaffectsensorsymmetryandcanbeincludedin theradial
modelof themirror (caused,for example,by the joint be-
tweentwo differentlyshapedsurfacesrequiredby thespec-
i�cations for a particularapplication,asin [8]), a few other
minor isolated�a ws can be found scatteredover the sur-
face.Similarconsiderationscanbemaderegardingthelens
throughwhich theimagere�ectedon themirror is captured
by thecamera.

To account for all sorts of distorsionsan empirical
derivation of �

�

basedon an appropriatesamplingof the
function in the imagespacecanbe made. Choosingsuch
a procedureto compute�

�

permitsto includealsothe lens
modelinto themappingfunction.

Thebasicprincipleby which �

�

canbe derivedempiri-
cally is to considerasetof equally-spacedradii, alongeach
of which valuesof �

�

arecomputedfor a setof uniformly-
sampledpointsfor which therelative positionwith respect
to thesensoris known exactly. This producesa polargrid
of pointsfor which thevaluesof �

�

areknown.
To computethe function for a genericpoint 	 located

anywherein the �eld of view of the sensor, a bi-linear in-
terpolationis madebetweenthefour points,belongingto a
uniformly-sampledpolar grid, amongwhich 	 is located.
This makesreconstructionaccuracy betterin proximity of
the robot,astheactualareaof thecellsusedfor interpola-
tion increaseswith radial distancewhile, correspondingly,
imageresolutiondecreases.Thenumberof data-points(in-
terpolationnodes)neededto achievesuf�cient accuracy de-
pendsmainly on themirror pro�le (thesmoothestthepro-
�le, thefewestthepoints)andon themirror surfacequality
(thefewestthe�a ws, thefewestthepoints).

This calibrationprocesscanbeautomated,especiallyin
the presenceof well manufacturedmirrors, by automati-
cally detectingrelevant points. To do so, a simple pat-
ternconsistingof a white stripewith a setof alignedblack
squaressuperimposedon it canbe used,asshown in �g-
ure4.

The referencedata-points,to be usedas nodesfor the
grid, are extractedby automaticallydetectingthe squares
in a setof oneor more imagesgrabbedturning the robot
aroundthe vertical axis of the sensor. Doing so the refer-
encepatternis re�ectedby differentmirror portionsin each
image.

Usingdifferentshapesinsteadof squares,e.g.,circlesor
ellipses,is obviouslypossible:usingappropriateellipsesin
pointslocatedfar from thecenterof themirror couldeven
beadvantageous,becausethey couldbeseenapproximately
ascirclesin thegrabbedimages,simplifying their recogni-
tion. In any case,if distancesbetweenthe shapesform-
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Figure4: Thepatternusedfor calibratingacatadioptricom-
nidirectionalsensor(above). The fourth squarefrom the
centerhasa differentcolor, to act asa landmarkin auto-
maticallycomputingdistances;below it theIPT imageob-
tainedaftercalibrationis shown. Theblackcirclehidesthe
expansionof the area,roughly correspondingto the robot
footprint,whosere�ection is removedin theoriginal image
by providing themirror with a discontinuityin its center.

ing the patternareknown exactly, the only requirementis
that oneof the shapes,at known distance,be distinguish-
able(e.g.,by its color) from the others.The shapeshould
bepossiblylocatedwithin thehighest-resolutionareaof the
sensor. This permitsto usethe referenceshapeasa land-
mark to automaticallymeasurethedistancefrom thecam-
eraof everyshapeonthereferenceplane.Thisalsoremoves
theneedto accuratelypositiontherobotataprede�neddis-
tancefrom the pattern,which could be a further sourceof
calibrationerrors.

Operatively, in the�rst stepof theautomaticcalibration
process,thewhite stripe,aswell asthecenterof every ref-
erenceshape,are easily detected.Thesereferencepoints
areinsertedinto the setof sampleson which interpolation
is thenperformed. The actualpositionof suchpointscan
besimply derivedfrom theknowledgeof therelative posi-
tion of thesquarepatternto whichit belongswith respectto
thereferencedifferently-coloredshape.Theprocesscanbe
repeatedfor differentheadingsof therobot,simply turning
therobotaroundits centralsymmetryaxis.

In thesecondstep,interpolationis performedto compute
the function �

�

from the point setextractedasdescribed.

A look-up tablethatassociateseachpair of coordinatesin
the IPT-transformedimageto a pair of coordinatesin the
original imagecanthusbecomputed.

This calibrationprocessis fast,canbecompletelyauto-
matedandprovidesgoodresults,asshown in �gure 4.

5. Experiments with an IPT-basedob-
stacle detection algorithm for om-
nidir ectional sensors

As anexampleof algorithmportingfrom traditionalstereo
systemsto omnidirectionalonesusingthegeneralizedIPT,
we reportsomesampleresults,obtainedin a robot soccer
environment,of a stereoalgorithm for obstacledetection
developedfor traditionalstereosystems[5] andadaptedfor
usewith HOPS.Thealgorithmis describedin detailselse-
where[9]: herewemainlyaimatshowing its potentialsand
evidentiatingtheroleplayedby thegeneralizedIPT.

Besidesremoving thedistortionintroducedby theomni-
directionalsensorusingthe IPT, thealgorithmexploits the
intrinsic limitation of the IPT to be ableto provide undis-
torted views only of the objectsthat lie on one reference
plane. Everythingthat is above the planeis distorteddif-
ferentlyasa functionof its heightandof thepoint of view
from which it is observed. Therefore,two IPT-transformed
imagesof the samescenewill differ only in thoseregions
that representobstacles,i.e., any object locatedabove the
referenceplane. In mobile roboticsapplications,the refer-
enceplaneis chosento bethe�oor onwhich therobotsare
moving.

Given two imagesof the samespatial region that in-
cludesthe �oor on which a robot is moving, the obstacle
detectionalgorithmcanberoughlysummarisedasfollows:

1. computethe IPT of both imageswith respectto the
planeidenti�ed by the�oor;

2. apply an edge extraction algorithm to the IPT-
transformedimages;

3. skeletonizeand binarize the contoursusing a ridge-
following algorithm;

4. computethe differencebetweenthe two imagesob-
tainedin thepreviousstep.

Whenthechromaticfeaturesof thetwo imagesobtained
from the two sensorsarevirtually identicalthesteps2 and
3 of thealgorithmcanalsobesubstitutedby a thresholding
algorithmby which objectsthat clearly standout with re-
spectto thebackgroundarehighlighted. It is worth noting
that the task to have ”identical” chromaticfeaturesis not
easyto achieve in hybrid systems,whereoneimageis ac-
quireddirectlywhile theotheris acquiredasare�ection on
asurfacethatmayaltercolorsto someextent.
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a)

b)

c)

d)

e)

Figure5: Obstacledetection: (a) imagesacquiredby the
hybrid vision sensor;(b) the IPT of the spatial region in
(a) commonto both images;(c) resultsof edgedetection
appliedto (b); (d) resultof theridgeextractionfrom (c); (e)
differencebetweenthetwo imagesin (d).

The white regions that can be observed in the differ-
enceimage,that representareaswhereanobstaclemaybe
present,derivefrom two kindsof disparitythatcanbefound
in stereoimagepairs.If they derive from a lateraldisplace-
mentof thetwo cameras,they arelocatedto theleft and/or
right of obstacleprojectionsin theIPT transformedimages;
becauseof this, bothapproachesusedto obtainbinarydif-
ferenceimagesconsideredabove provide very similar re-
sults.Whena verticaldisplacementof thetwo camerasoc-
curinstead,suchregionsarelocatedaboveand/orbelow the
obstacleprojections.

Figure6: Above: simulatedresultsobtainedby a coaxial
fully-omnidirectional system. The two IPT images(up-
per sensoron the left, lower on the right) of a simulated
RoboCupenvironment. Below: the differenceimagethat
canbe obtainedwith thecoaxialcon�guration. The virtu-
ally null lateraldisparitycanbeclearlynoticed.

From theseconsiderationsandusingotherkinds of in-
formation(e.g. color) it is possibleto tell regionsthat are
certainlyfree from regionsthatmaybeoccupiedby obsta-
cles. Figure5 shows theresultsthatcanbeobtainedat the
endof eachstep.

To give a �a vor of the potentialof the algorithmwhen
appliedto a fully-omnidirectionalstereodevice, in �gure 6
thedifferenceimagesis shown,whichwasobtainedby IPT-
transformingthe (simulated)imagestaken from the two
sensors,and subsequentlycomputingand pre-processing
the differencebetweenthe two images. In particular, the
resultsof thedifferencebetweentheself-re�ectionsof the
robotontothetwo mirrorshavebeenremoved.

6. Discussion
In this paper we have described a Hybrid
Omnidirectional/Pin-holeSensor (HOPS) and a gen-
eral framework within which the IPT is usedto allow for
porting the ”quasi-3D” (q3D) classof stereoalgorithms
from traditional stereo systems to omnidirectional or
partially-omnidirectionalones.

Thejoint useof astandardCCDcameraandof anomni-
directionalsensorprovidesHOPSwith their differentand
complementaryfeatures: while the CCD cameracan be
usedto acquiredetailedinformationabouta limited region
of interest(”fovealvision”), theomnidirectionalsensorpro-
videswide-range,but lessdetailed,informationaboutthe
surroundingsof the system(”peripheralvision”). HOPS,
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therefore,suitsseveral kinds of applicationsas,for exam-
ple, self-localizationor obstacledetection,and makes it
possibleto implementperipheral/fovealactivevisionstrate-
gies: thewide-rangesensoris usedto acquirea roughrep-
resentationof a largeareaaroundthesystemandto localize
theobjectsor areasof interest,while thetraditionalcamera
is usedto enhancetheresolutionwith whichtheseareascan
thenbeanalysed.Thedifferentfeaturesof thetwo sensors
arevery usefulfor a combinedexploitationin which infor-
mationgatheredfrom boththesensorsis fused,allowingex-
tractionof ”2D augmentedinformation” from theobserved
sceneby meansof IPT.

The IPT implementationthathasbeenproposedallows
for afully-automaticcalibrationof thesensor, andfor avery
ef�cient derivationandsubsequentuseof themappingfunc-
tion, implementedthrougha look-up table. An algorithm
for obstacledetection,basedon suchanimplementationof
the IPT hasbeenbrie�y presentedto show the effective-
nessof the approach.Oneof the mostnoticeablefeatures
of this approachis thecancellationof ”f alseobstacles”ly-
ing on the IPT referenceplane: shadows projectedon the
�oor , spots,drawingsor bi-dimensionalobjectslying onthe
�oor , which canappearin theacquiredimagesandcanbe
mistakenwith obstaclesby a monocularvision systembe-
causeof their texture,color, etc. canbeeasilyremovedby
IPT.

Theapplicationof thelook-uptableis theonly overhead
imposedonthealgorithmsby theuseof IPT, with respectto
their 'standard'implementation.This,alongwith anMMX-
optimizationof the code,hasmadeit possibleto achieve
real-timeor 'just-in-time' performance,allowing the algo-
rithm to trackobjectsthatmove with a relative speedup to
over #
$&%�' on recentmid-topclassPCs.
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