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Abstract

In this paper an object recanition and tracking ap-
proach for the mobile marker-less and PDA-basedaug-
mentedreality systemAR-PDA is described. For object
recaynition andlocalization2D featuresare extractedfrom
imagesand compaedwith a priori known3D models.The
systentonsistofa 2D graphmatding, 3D hypothesigen-
eration andvalidationand an additional texture basedval-
idation step.

1. Introduction

Augmentedreality(AR) is gainingimportancen indus-
trial applicationsfor developing,productionandservicing
but alsofor mobile applicationd2]. In the AR-PDA appli-
cationno externaltrackingdevicesare provided, therefore
2D featuresxtractedfrom thecameramagesareused.Be-
causeheobjectsin the sceneandtheir shapesareknown a
model-base@dpproachs used.

The object recognition processconsistsof two parts.
During the first part, 2D Mision, the imagesare analyzed
and straightedgesare extracted,vectorized,and matched
with 2D views of known 3D models.In the 3D Vision part
hypotheseaboutpossiblecombination®f featuresaregen-
erated,verified, and the bestmatchinghypothesisis cho-
sen. For final validationof the resultsimage-basedender
ing techniquesreused.

2. 2D Vision

The goal of the 2D vision is to extract 2D featuresof
the objectsto be searched.Due to the fact that AR-PDA
dealswith nearlyrectangulascenestraightedgesareused
ascharacterizindeatures. Theseextractedand vectorized
edgesarematchedwith 2D viewsof the 3D objectmodels.

The pixel imagesare preprocessedsinga SobelFilter
andaNon-MaximaEliminationandfinally vectorizedusing
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analgorithmproposedn [3]. Thevectorizededgesarevir-
tually elongatedandtheintersection®f theelongateddges
areusedasverticesof a2D graphdescribingheedgestruc-
ture of theinputimagecalledthe 2D image graph

2D views of the 3D modelareusedto identify potential
locationsof the objectsto be searched. These2D views
consistof two typesof edges:essentiaandoptionaledges.
Using graph-matchinglgorithmspotentiallocationsof the
2D views inside the 2D image graphare evaluated. The
constraintdor the matchingalgorithmarethe aspectratios
betweerthelengthof the edgesandthe angleshetweerthe
edges.

Figure 1 shaws the four stepsof the 2D vision: a) the
vectorizededges b) the virtually elongatededges,c) one
matchof the essentiaedgesd) onematchof the 2D view
includingneighboringedges.
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Figure 1. Generation of the 2D graph

3.3D Vision

In the 3D vision partthe 2D featuresarecomparedvith
the databas®f 3D-models.The modelsare basedon sim-
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plified CAD data,containinghighly visible edgesfacesand
textureinformation.

With correspondencesf imagefeaturesand 3D-model
featureshypothesefor the orientationof themodelrelative
tothecameraaregeneratedEachgeneratethypothesiwill
be verified by projectingthe modelinto the image plane.
This projectionis comparedwith the extractededgegraph
of theinputimageandthe matchingof bothgraphsis eval-
uated. The bestmatchinghypothesids takento determine
therecognizedbject,its locationandorientationrelative to
the cameracoordinatesystem. This informationis needed
for augmentation.

Becausedhe main objective of the AR-PDA application
is the recognitionof technicalobjectswith mary straight
edges,edgecorrespondencesre usedto computethe ori-
entationof theseobjects. With three3D—-2D—edge-pairg
is possibleto computetherelative orientationof thecamera
to the object[1], thereforehypothesegonsistingof three
edge-pairareused.

The approachby Dhomeet al. [1] has beenimple-
mented,which finds the analyticalsolutionsby solving an
equatiorsystentor inverseperspectie projection.It usesa
simplificationof the posedeterminatiorproblemby implic-
itly dividing it into lower dimensionakubproblems.

Testingof all possiblehypothesedaspolynomial-time
compleity. Thereforethe numberof hypothesedasto be
decreaseds much as possible. To do this the following
stratgiesareused:Reducinghe numberof edges Assum-
ing limited camea orientation Classificationof edges and
Usinginvariantrelations

The goalis to find the correcthypothesisaasfastaspos-
sible. Thereforethe systemtries to find more probablehy-
pothesedirst. This way, the numberof hypothesess re-
ducedbecausea suitablesolutionis found moreearly.

4. Recognition of Variations of Objects

For differentobjectswith identicalor similar geometry
it is difficult to recognizetheseobjectsonly by usingthe
geometryfeaturessuchasedges.

For recognitionof variationsof objects(e.g. modelsof
the samebrand),texture matchingof regionsof interestis
used. Theseregions of interesthave to be separatecind
normalizedirst. Because¢hebasemodelandits orientation
in theimageis known from the previous processingstepof
hypothesegenerationthe location of the region of inter
estcanbe determined.Usually, theseregionsaredistorted
by perspectie projectionin theimage. Sowith the known
extrinsic camergparametersthe regionsaredeslewedand
normalized.

On the normalizedregionsfilter operationgor compar
ing theseregions with known modelsare applied. Espe-
cially a fasthistogrammatchingapproachto comparethe

deslewedregionswith the modelshasbeenrealized.

For the deslewedimageandfor every modelhistograms
of the vertical gradientsalong the x axis are computed.
The histogramsof all modelsare sared beforehandin a
grayscaleimage (seeFigure 2). The extractedhistogram
is comparedby crosscorrelationwith the referencehis-
togramsand the best matchingcorrespondencéentifies
themodel.

Figure 2. Grayscalehistagramsof differentmodels

5. Results

The algorithmsare implementedon a PC-basedsener
communicatingvith a PDA usingWirelessLAN resulting
in aframerateof about6-10framespersecond.

6. Conclusion

The computervision algorithmsof the AR-PDA project
have beenpresentedproving thatit is possibleto realizea
fastmarker-lessand vision basedAR tracking systemfor
mobile systems.
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