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ABSTRACT

Mixing real and virtual elementsinto one environmentoften in-
volvescreatinggeometrymodelsof physical objects. Traditional
approachesincludemanualmodelingby 3D artistsor useof ded-
icateddevices. Both approachesrequirespecialskills or special
hardwareandmaybecostly.

We proposea new methodfor fast semi-automatic3D geom-
etry acquisition,baseduponunconventionaluseof motion track-
ing equipment.Theproposedmethodis intendedfor quick surface
prototypingfor Virtual, AugmentedandMixedreality applications
wherequalityof visualizationof objectsis not requiredor is of low
priority.

1 INTRODUCTION AND RELATED WORK

Capturing3D shapeof physical objectsis a well establisheddis-
cipline with dozenscommercialsolutionsanda largebodyof aca-
demicwork. Typical applicationsarereverseengineering,realistic
renderingby meansof computergraphicsandAugmentedReality.

Availableoff-the-shelfsystemscanbe classi�ed ascontactand
contactless. Methods that avoid contact include laser scanners
basedon triangulationandradarlaserscanners,basedon measur-
ing time-of-�ight. Examplesare:NextEnginedesktopscanner, the
mostaffordabledevice in the�rst category; DeltaSphere3D Laser
Scanneris a typical representative of the secondgroup[1]. Con-
tactdevicesmeasurecoordinatesof pointsof contactsbetweenthe
device andtheobjectsurface.Coordinatesareobtainedeitherme-
chanicallyor by trackingof themeasuringtip. Mechanicaldevices
arecalledtouchprobesor coordinatemeasuringmachines(CMM).
Oneexampleis a Microscribeseriesfrom Immersion[2]. Com-
mercialdevicesarerepresentedby lasertrackers,thatmeasureco-
ordinatesof mirroredsphericalprobe(e.g. FARO productline), or
magnetictrackers(e.g.PolhemusLiberty with measuringStylus).

Our solutionbelongsto this category aswell. However, unlike
Liberty Stylus,our methodusesthesametrackingsensorboth for
geometryacquisitionandfor the applicationwhich interactswith
the geometry. This approacheliminatesthe needfor additional
equipmentandcalibration.

2 MOTIVATION: AUGMENTING HUMAN MANIKINS

The surfacescanningmethodpresentedin this paperwas imple-
mentedasa satelliteutility within our augmentedmanikinsimula-
tor. A medicalmanikin is a life sizeplasticreplicaof the human
body equippedwith electrical,mechanicalandpneumaticsensors
andactuators,thatallow studentsto interactwith themanikinand
simulatevariousfunctionsof ahumanorganism.
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Using tangible user interface (TUI) techniques,we enhance
manikinfunctionalityby addingtouch-sensitivity to arbitraryloca-
tionsof themanikin.Themanikinitself becomesa singleinterface
object,providing realistictactilefeedbackwhenstudentspalpatein
relevant locations.Studenthandsaretrackedandcheckedfor col-
lisionswith the3D modelof themanikin.Simultaneously, thesys-
temanalyzeshandmovementsanddetermineswhich actionis be-
ing performed.Whenameaningfulaction-locationpair is detected,
the systemtriggersan appropriateresponsefunction. For exam-
ple, themanikingroanswith pain,whenpalpatedor percussedat a
designatedtenderlocation. Figure1 shows theSimManandAnne
Torsomanikins,touch-augmentedfor teachingpalpation.

Theabdominal3D modelfor SimMan(Figure1, top right) was
constructedusingthefollowing steps:

1. measuretheextentof theabdomen
2. approximateits surfaceby spheres,usingMaya
3. export thespheresfrom Mayainto thesimulator
4. run thesimulator, detectinghand-spherescollisions
Steps2-4wererepeated,varyingthenumber, locationsandsizes

of thespheres,until reportedcollisionsmatchedthephysical con-
tactsbetweenuserhandsand the abdomenmoduleclosely. The
whole processdid not take a very long time. However, whenwe
hadto go throughthesameroutinefor our secondmanikin, it be-
cameclearthattheremustbeabetterwayof doingthis.

Figure 1: Augmented manikins. The system components: manikin
objects from Laerdal [3], Flock of Birds tracking system from Ascen-
sion [4], a laptop PC (1.86 GHz CPU, 1G RAM, Linux OS).

3 SURFACE SCANNING, THE BASIC ALGORITHM

The main idea behindour methodis to usethe motion tracking
equipment,alreadyintegratedinto thesimulator, to create3D mod-
els of objectsof interest,exempli�ed by the abdomenand torso.
Both objectscanberepresentedby a height-�eld on a plane;both
aresmoothandlack the necessityfor representationof geometric
detail less than 20mm. Thus, they can be conveniently built by
sweepinga positionalsensoralongthesurfacesandsnappingver-
ticesof someunderlyinggrid to thesensorcontactlocations.

To improve thepositionalsensitivity of thesensor, which hada
roughlycubicalshape(25x 25x 20)mm,weplacedit at thecenter
of a Ping-Pongball, asshown in Figure2. Thescanningprocessis
describedbelow.



Figure 2: Scanning SimMan's abdomen module, left to right: sensor
alignment; scanning in progress; completed mesh. Grid size 40 x 40
cm, 20 x 20 points. Scanning time: less than 2 minutes.

1. Grid generation. A regulargrid of quadrilateralsis createdin
Mayaandis usedasa templateto build theheight-�eld. The
dimensionsanddensityof thegrid areadjustedto matchthe
sizeof theobjectto bescanned.

2. Sensor-object-gridalignment.A sensoris placedontopof the
object(Figure2, left); thesystemcapturesthesensorlocation
andshifts its restpositionto andabove thecenterof thegrid.
Onceall threeobjectsarealigned,scanningis initiated.

3. Surfacescanning. The usermovesthe sensoralongthe sur-
faceof theobjectin sweepingmotionsandthesystemupdates
theheight-�eld, atthefrequency of thegraphicsloop. Oneach
cycle,theclosestvertex is foundandsnappedvertically to the
currentsensorelevation. Theprocesscontinues,until all ver-
ticesareelevatedandtheheight-�eld is complete.Progressis
monitoredvisually. asshown onFigure2.

4. Run-timeoperationson themesh.During scanning,themesh
canbesaved,resetandconvolvedwith alow-pass�lter . Cam-
eraparameters(angle,zoom)andwireframe/shadedrendering
modescanalsobeadjustedat run-time.

Thesecondroundof scanningtestsusedtheAnnemanikin(Fig-
ure3). Thedensityof thegrid wasdoubledandanenhancedplastic
easteregg sensorenclosure(5 x 3 cm) was used. The eggshell
shapedsensorenclosurenaturallyconformsto high, mediumand
low precisionscanningmodesillustratedin Figure4.

4 DISCUSSION AND CONCLUSIONS

The surfacescanningmethodpresentedin this paperhasseveral
uniqueandattractive features.First, additionaldevicesarenot re-
quired, sincethe systemutilizes motion tracking equipmentthat
is alreadyin place. Therefore,surfacescanningcost is limited to
the costof addingonepageof codeto an existing system. Sec-
ond,this systemeliminatestheneedfor specialskills to create3D
content.Scanningcanbeperformedby any person,afterminimal
user-interfacecontroltraining.Finally, thescanningprocessis fast.
The3D modelspresentedin this paper, wereall createdin minutes
andexceededthequalityand�delity requiredfor their intendeduse
(i.e.,collisiondetectionfor palpationtraining).

In conclusion,our methodnaturallyaddressesthelong-standing
problemof distortionsin the magneticenvironment,that plagues
mostmagnetictrackers.Duringscanning,distortionsareimprinted
into vertex positionsof thesurface.Normally, suchartifactsarenot
welcomeandmay renderthe resultingmeshuseless,if usedelse-
where(i.e., underdifferent magneticenvironment). However, if
themeshis usedwith thesamesimulatorat thesamelocation,the
distortedshapeis perfectlypreprocessedfor correcthand/surface
collision detections.Theshapeproducedwith our scanneris a re-
�ection of thetruesurfaceof thephysicalobject(a manikin)in the
magneticenvironmentof thelabandits own inner`organs'. A per-
fectsurfacemodelwould requireacomplicatedtrackercalibration,
to takemagneticdistortioninto account.Usingthesameequipment
for surfaceacquisitioneffectively mitigatesthisproblem.

Figure 3: Scanning Anne torso: initial contour, intermediate, �nal
mesh. Grid: 40 x 40 cm, 40 x 40 points. Scanning time: 8 minutes.
The 3D snapshots are shown “as is”, without retouching.
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Figure 4: A plastic eggshell provides three intuitive scanning posi-
tions: (A) contact with the pointed end moves one vertex; (B) the
obtuse end moves the vertex and its closest neighbors (5 points per
move); (C) contact with the elongated area makes the system to iter-
ate on vertex neighbors twice (13 points per move).

Figure 5: Distorted surface area, denoted by a circle. A `postmortem'
examination revealed that Anne was engineered asymmetrically: a
metal switchbox installed in her upper right abdominal area, caused
distortions in the magnetic �eld. Embedding these distortions into
the model effectively cancels their effect during model use.
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