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Abstract: Thispaperpresentspracticableapproactior augmentedealityonembeddedystems
like PDAs andsmartphones.t describeganimplementatiorof a completeAR-assistanceystem
for industrialmaintenanceThegoalis to provide afuturehandbookvhich supportsnultiple kinds
of mediadocumentdike SMIL, video and 3D augmentedeality views of comple« maintenance
tasks. The mainissueof the systemis its usability, aswell asits capabilityto supporta mobile
worker without overstraininghim. Theideais to startfrom the applicationandconsiderAR asa
technologythatcanbeinvokedon-demandSimilarly, it is assumeaffering AR capabilityon still
imagesnapshot®f the real scenes sufcient for mary maintenancepplications.In particular
two approache$or automaticscenecalibrationareused,a robust gradient-basedarker calibra-
tion andamarkerlessapproachwhichreliesontheregistrationof a3D line-modelontotheimage.
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1 Intr oduction

AugmentedReality (AR) is consideredas an ideal technologyfor industrial maintenanceand
service. Numerousof publicationsrefer to scenarioswherethe userdirectly seesvirtual in-

formationin his eld of view demonstratinghe repairingor assemblysteps[CMGJ99][Miz0]]

[BRO4][KS99[Nav03]. Neverthelesspracticalapplicationsdid not appearuntil today probably
becausef the dif culty of the overalltask. AR for maintenancés highly complex andrequires
maturesolutionsin alot of differentdomains.Evenif thetechnologyAR itself is considerednd
contentgeneratiormnddatamanagemens ignoredyou still have to facefundamentadif culties

in differentareasjncluding:



Tracking:thecurrenttrackingsolutionswork in real-timeandprovide satisfyingresultseven
without markers[VLFO3][GRS 02][ult]. The currentlimitation residesin the useof key-
framesor perfect3D-modelsof the scenewhatis dif cult to implementin practiceandfor
large-scaleapplications.

Hardwareequipmentthede nition of theright hardwareconsistof abalanceactamongro-
bustness/compactneg&werconsumptiorandnecessarprocessingower. In thepresented
approachthe emphasigss being put on usability, andthereforevery lightweight integrated
platformsarechosen.

Visualizationand presentation:the presentatiorof information over a see-througthead-
mounteddisplayis still not satisfyingandacceptedy the users,at leastfor longertasks.
Herealso,displaysplacedneartheeye andnotin the eld of view of theuserarepreferred.

At rst in thispaperabriefoverview of therelatedwork is given,andthentheoverall systems
presentedAfter thatthetwo majorAR-componentaredescribedi.e. automatiamagecalibration
andinformationvisualizationon low-endplatforms. The creationof contentthrougha modeling
software, authoringsoftware or othereditorsis part of the relatedprojectbut not intendedto be
discussedh this paperbecausé¢hefocusis seton theruntimesystemon low-enddevices.

2 RelatedWork

The rst augmentedeality applicationson PDA relied on client-senrer architectureswhich deal-

locatedtheimageregistration(tracking)aswell asthe 3D graphicsrenderingon remotestandard
PCs,e.g. [arp]. With the increasingcapability of the hardware, several standaloneapplications
appeareduringthelastyears.A mobilemarkertrackingapproaclwasdevelopedn theHandheld
AugmentedReality Project[WS06][PWLS09, which wasbasedon ARToolKit, andis currently
extendedto a fasttrackingwhich runsautonomousn embeddedleviceslike PDAs and smart
phones.In the PARIS framewvork [GGZ 04] a VRML engineandspeechrecognitionhave been
provided. MobiX3D [NCBO06] concentratesn supportingthe X3D standardoy usinga hardware
graphicsaccelerated?DA andOpenGLES. Theintentionof thiswork whichis alsothedifference
to the existing projectsis on onehandto usea morerobustapproachof marker detectionon the

PDA andontheotherhandto simplify theinvolvementf theuseri.e. theuserdoesnotevenneed
to placeary marker. Thatmeansa marker-lesscalibrationapproactis implementedhe rst time

onanembeddedlevice like the PDA which canfurtherbe improvedto a realtimetrackingin the

future.



3 Overview

3.1 Goaland Basicldea

Theapproacltonsistof integrationof all the systemfunctionalitiesonthe PDA itself. Moreover,
high-endand complec algorithmssuchas marker-lesstracking are evaluatedto work on those
limited platforms.Thetrackingis focusedo operatan environmentswith low light andcontrast.

Our approachntroduceghe principle of augmentedeality on-demandwhich consistsof tak-
ing a singleimageof the real scenewhenneededand superposingeal-timevirtual animations
correctlyoverlaid on this single still image. The informationis not blendedin the eld of view
of the user but canbe easilywatchedover the displayof the PDA or by takingalook atthe head
worndisplayplacedbesidethe eye.

Thegoal of this approachs to develop a systemwhich doesnot dominatethe user but offers
supportwhenrequired. The visualizationof animated3D graphicson still imagesis assumedo
provide sufcient informationto supportheuserin mary applications Suchasystems eventually
preferredsincethe userdecidesvhensupportis needed.

Figurel: Augmentedscene.

3.2 SystemHardware

Thehardwareshouldbeeasyto weatr i.e. it shouldhave averylight weightandbe extremelycom-
pact. In thisimplementatiorthe Dell Axim X51v PDA waschosermainly becausét is equipped
with the multimediaprocesso2700gof Intel. This chipis basedon the PoverVR MBX technol-
ogy of ImaginationTechnologiesandprovides3D graphicsandvideoacceleration.

For imagecapturingthe Spectecameravhich hasaresolutionof 300K pixelswasintegrated.
It is connectedver SD-slotandprovidesa maximumframerateof 20imagespersecond.



Thenearthe-g/e displayhasbeendevelopedby the projectpartnerTrivisio [ult]. It consistof
amonocularsee-througlisplaywith a 800x600pixel resolution.It is currentlyconnecteaver a
VGA adaptorto the PDA.

3.3 Runtime System

Thesoftwaresystenmshouldnotonly support3D graphicsout mary kindsof electronicdocuments.
Therefore anopenarchitecturevasdesignedonsistingof a centralcontrollermodulethatinter-
pretsthe givenwork o w of thetaskto be carriedout andtriggersthe correspondingiewers.
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Figure2: Structureof theruntimesystem.

The availablefunctionalmodulescanbe assignedo thethreemajorcomponents:

Interaction: Threetypesof interactionare possible.Voice commandsindhardware button
interactionsexclusively affect the controllermodule,which interpretsthemitself or routes
themto the currentlyactive viewer module. Touchscreerinputasthethird possibleinterac-
tion methodis directly interpretedoy the active viewer.

Visualization: The systemprovidesdifferenttypesof viewersin orderto enablethe visu-
alizationof mary kinds of electronicdocuments Most importantto mentionis the VRML
viewer with underlyingAR speci ¢ functionalitieslik e trackingandcalibration. This mod-
uleis describedn detailin sectiord

Tele-consulting:Two tele-consultingnodulesare provided, onefor alive videoandaudio
chatandanotherfor bidirectionallive annotatiorof imagesof the currentworking area.



Externalcommunication’Communicationis achieved over WLAN or 3G/UMTS. The sys-
tem can be connectedo a databasevia SOAP interfacein orderto get new contentfor
manualsor even new manuals.It canalsoestablishthe connectionfor the tele-consulting
module.

4  An OpenGL-ES AugmentedReality Viewer

The augmentedeality viewer consistsof threemajor blocksaspresentedn Figure3. The rst
block is called the 'RenderingCore’ and represent@a completescenegraphrenderingsystem,
which is ableto handleVRML97 structuresandanimations.It consistsof the Intel implementa-
tion of OpenGLES [ogl] for the graphicsacceleratiorchip 2700gaswell asthe device speci ¢
implementatiorfor EGL [egl]. EGL is aninterfacelayerbetweerfOpenGLES andthe native plat-
form window system herethe Dell Axim X51v, soit is possibleto renderto the hardwareframe
buffer of this PDA.

Thenext block—the'Vision Core'—regroupsthecomputewisionfunctionalitiesaswell asAR
utilities. It is responsibldor retrieving animageor animagestreanof aconnectedamergcapture
module)andfor calibrationor tracking(calibrationmodule).Severalapproachesf marker-based
andmarker-lesstrackinghave beenimplementedandevaluated(seesection5). Both modulesare
linkedtogetherin the PocletAR library.

The last vertical block offers interfacesto other systems.It enableghe controllerto access
the VRML viewer and sendcommandgo it. The typical usedfunctionalitiesare for example
'loadVRML les', 'suspendriewer’ and'sendactions'. Thosearerecevedby voice or hardware
buttons(pause play, next, etc.). Sincethe communications bi-directional,the viewer canalso
provideits currentstatelik e 'end of theanimation'to the controllet

Figure3: Structureof the VRML viewer.

Thesethreeblocksare connectedogetherover the virtual reality systemVRML97 Viewer'.
This oneprovidesmostof the VRML97 speci ¢ nodes.
Themainadwantages thelevel of abstractiorandeasycon guration of theviewerandoverall



system. By meansof XML, VRML and SMIL les, completeand highly complex application
scenarioganbedesignedThe rst oneis calledthe'ProcesdnformationFile’ (PIF);it includesa
descriptiorof thetasksandis interpretedoy thecontroller TheSMIL les connecthemultimedia
contentandthe VRML- le speci esthe 3D graphicsanimations All theseles arebeingcreated
or editedvia theauthoringtools[MWE 05].

5 Model Registration

5.1 Approach

Two imagecalibrationapproachegvereimplemented.The rst oneusesmarkersplacedontothe
objectto be augmented.The marker alreadyexists, or hasto be placedat a well-known position
by the userbeforestartingthe application. The secondapproachrelieson animage-base@AD
modelregistrationpresentedn [WVSO05].

5.2 With markers

Marker-basedtrackingis a classicaltopic of augmentedeality [KB99][ZFNO02]. The emphasis
hereis putontherobustnes®f the marker detection(seeTablel) andthe precisionof the compu-
tationof thecamergose.

Themarker detectionis achiezedover gradientcomputationin theimage,andnot with thresh-
olding techniques A thinning algorithmenablego de ne the contoursin theimages,which are
then ltered in orderto keeponly quadrilateraforms. Thosearethenidenti ed over the binary
codethey contain.

The 3D-geometrycon guration of the markersis thenanalysedandthe correspondingamera
posealgorithmis applied. The analysisis doneby meansof an eigervaluedecompositionyhich
providesessentiainformationaboutthe planarityandorientationof the markers.

After the linear posecomputationa non-linearoptimizationis usedin orderto improve the
accuray of theregistration.

5.3 Without markers

For marker-lessimagecalibrationa line modelof the tarmget objectin the scenes utilized in the
way of theapproactpresentedn [WVSO05].

The line modelis createddirectly from the CAD modelwhich is mostof the time available
in VRML-format. Sinceneithertexture nor photometricinformationis available,the line model
is generatedy taking its original geometryonly. Thereforewe computethe gradientof the 3D
modelgeometryandde ne straightlinesout of the 3D (gradient)contours.



(@) (b)

Tablel: PDA screenshot&ontrolunit): (a) smallmarkerin brightenvironment,(b) smallmarker
in aquitedarkernvironment.

The line modelis then projectedonto the image plane (Table 2(a)). Samplepoints on the
projectedlines are usedto de ne perpendiculatines throughthe points (Table 2(b)). Gradient
maximaarethensearchedlongthesdinesin theimage.

Two userinteractionshave beenmadeavailablefor the userto performthe calibration. The
rst solutionusesa still imagetaken asa snapshobf the scene.The usermovesthe 3D model
interactvely with the PDA-pen andbringsit in approximatesuperpositionwith the real object
in theimage. This rst positionandorientationof the modelis usedto initialize the line-based

registrationalgorithmwhich computesa precisepose.

(@) (b) (c)

Table2: PDA screenshotgcontrol unit): (a) uncalibratedmagewith line model, (b) calibrated
line modelwith searcHines, (c) imagewith augmentationhere:theline modelitself.

In the secondapproacha live video streamwith a x ed position of the 3D objectmodelis
considered.The userthenmovesthe PDA to the roughly correspondingposition/orientatiorand
takesa snapshoof thescene.The ne registrationoccursautomatically

Thosetwo approachesanalsobecombinedn away theusersetstheapproximateoseof the
modelheneeddo seethework stepanimationandthenalignsthecameramagebehindthe model
andstartsthe calibrationalgorithm.



In orderto movethe3D model,aninteractionby PDA penonthetouchscreens implemented.
The screenis divided into threeregionslike shavn in Figure 4 which are responsiblego trans-
late (x/y-axis),'zoom' (z-axistranslation)androtatethe viewpoint of the scenegrapharoundthe
model. Thereforethe penhasto be placedin one of thoseregionsandthenbe draggedover the
screen.Thisdirectly affectsthe viewpoint of the scenegraph.

Figure4: Screerregionsfor userinteraction.

6 Results

The presentedystemwastestedwith two differentprototypesvhereofthe rst oneis a software-
basedsolutionandthe secondneis hardwarebased.

For the rst prototypethe Fujitsu SiemendPoclet Loox 720wasusedastarget platform. The
SD-slotcameraHP photosmarimobile cameravaschoosedo capturethe images.For rendering
— asthe Poclet Loox hasno multimediaacceleratofik e the Axim X51v — the softwarerenderer
Klimt [WSO06] wasintegrated. The resultsfor this set-upwere not very satisfyingbecausef a
renderingframerate of 3-5 fps with 15.000polygonsanda resolutionof 320 x 240 pixels. The
camerdtself providednot morethan10 fps.

Thesecondrototypewhichis thecurrentsetupconsistof thetargetPDA Dell Axim X51vand
the SpectecSD 300K camerawhich providesup to 20 framesper second.Dueto theintegrated
multimediaaccelerato700gof Intel, thesoftwarerenderemwasreplacedy animplementatiorof
OpenGLESandthescengyraphsystemy VRML97 viewer wasadaptedaccordingly A rendering
speedf 20framespersecondor scenesvith 22.000polygonswithout usingtextureswasreached
by this setup.Furthermorehis framerateis even possibleusingV GA resolution,whichis 640x
480pixels.

The processof calibratingimagesis not intendedto be real-time becausdhe focusin this
systemis to provide a robustcalibrationwhich works with low contrastjow light andevensmall



regions on the imagewherethe marker is shovn. This is appliedby adaptationof the image
histogramandthe gradientbasedapproachof marker lines extraction. The marker detectionwith
additionalposecalculationlastsaboutonesecondbut it is very reliablein low light scenarioss
canbeseenin Table1(b). Furthermorahelimit of the marker sizein theimageareais 13 pixels
wherethemarker canbe detectecandidenti ed.

The otherapproachof marker-lesscalibrationby usingthe line tracking basedalgorithmis
more computingintensive andlastsabout3-5 secondsdependingnainly on the numberof lines
in theline modelandthe discrepang of the modelandobjectposein theimage.The controlunit
line modelshawn in Table2 consistsof about120 lines. The maximumdivergencebetweenthe
line modelandthe imageto computea successfutalibrationdependn differentparametersf
theline tracker which aremainly:

Lengthof perpendiculatinesto thelinesof theline model,wheremultiple gradientmaxima
aresearchedBy usingtoo shortlines,the possibilityof nding no solutionis given. Other
wise, lineswhich aretoo long couldresultin anincorrectsolutionbecausavronggradients
arefoundin theimage.

Thresholdfor nding gradientmaximain theimage.

Numberof sampleonthelinesof theline modelwhich representhe numberof perpendic-
ular searcHines. More searcHhinesrespectrely resultin morecomputingefford which can

leadto a slowdown of the processLesssearcHinesresultin alossof accurag or even put

asolutionatrisk. AbouttensearcHinesperline in themodelareappropriate.

Numberof levels of the imagepyramid over the original image. An imagepyramid con-
sistsof severalimageswith the samecontentbut with differentresolutions.Gradientsare
searchedn eachlevel of the pyramid. Two levelsaresufcient in this casebecausef the
smallimagesizeprovidedby thecamera.

Additionally, the succes®f a calibrationdependsn the degreeof rotationof the line model
comparedo theimage.Table2 shav anexampleof atypical discrepang betweerine-modeland
realobjectwhich leadsto a correctposeestimation.

7 Conclusion

In thiswork whichis still in progressanapplicationwaspresenteavhichis suitablefor realindus-
trial maintenancecenariogndutilizesaugmentedeality asaneasyto useon-demandechnology
It runsasastandalonepplicationonanembeddedievice like PDAs.



A scenggraphsystemwasdevelopedto obtaina viewer whichis ableto usestandardize®D
scenedescriptiondatadueto the compatibilityto VRML97. Basedon the OpenGLES interface
it is alsoindependenbf the graphicsacceleratiorapproachesvhetherit is hardwareor software
based.

Moreover, a new areaof mobile AR wasenteredby implementinga marker-lessline tracking
approachwhich wasprovento work asa staticcalibrationmethod. Also a well establishedeld
in theresearchHor embeddedievices— the marker-basedracking— waspickedup de ning a dif-
ferentgoal,therobustnes®f the marker detectioninsteadof its real-timecapabilityespeciallyfor
applicationdik e the extendedhandbookin theindustrial eld with tracking-hostileervironments.

8 FutureWork

The upcomingresearctwill mainly concentraten improving the computingperformanceof the
calibrationapproachedy adaptingthe algorithmsto the needsof embeddedlevices. Dueto the
missing oating pointunit of theintegratedXscaleprocessosomelimitationsof calculationsrise,
becaus@enehasto use x ed point arithmeticwhich is moreef cient but lessaccurate.lt is also
plannedto evaluateand integrateother marker-lessapproachesike using KLT featuretracking
[ST94]. The projectcontainingthework describedhereis still in progresso aftertheintegration
of the coretechnologylike fastrenderingand ef cient androbust calibrationmethodsthe main
taskwill be puttingthetechnologyaltogethermndproviding a userfriendly applicationwhich can
be easilyusedby a mobile worker. Thereforeseveralusertestswill be accomplishedn the next
period.
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