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Abstract

Reproducibilityandthoroughexperimentakvaluationareessentiablementof the disseminatiorof sys-
tems,includingthe systemslevelopedfor objectrecognitionby computewisionresearchersSystemgested
onwidely usedimagedatabasearemoredirectly comparableéhansystemsvhich aretestedon customized
data.This paperdescribeshe component®f anevolving databasef 3D objectmodels,3D (range)images,
andcodeto supportresearchn andevaluationof model-base@bjectrecognitionandrangeimageanalysis
systems.Imagesand modelsare availablein a variety of geometricformats(e.g., VRML, GIF aswell as
documenteaheutralformats)andthe entiredatabaseanbe browsedandretrieved throughthe World Wide
Weh

1 Introduction

Model-basedhree-dimensionabbjectrecognitioncontinuesto be a popularand productve areaof re-
searchin thecomputewrisioncommunity Thedifferentassumptionmherentin designingacompletesystem
have spavnedmary original systemsandthe subsequendevelopmenif variantsandimprovementg3, 2].
Objectrecognizeremplg/ing denserangemapshave beenparticularly popularsystemdor experimental
computervision researcherso construct. Recentdropsin the pricesof rangesensorsand dramaticim-
provementsn the processingpower andmemorycapacityof researctworkstationshave combinedto make
experimentatiorwith real (aswell assynthetic)rangedataand historically-slav recognitionstratgiesap-
proachablegvenin researchabswith significantlylimited resources.

At the 1991 NSF-sponsoreavorkshopentitled “Future Directionsin ComputerVision Research’[g],
computewisionmethodologyor lack of same)Yecevedfocusedattention andaseriesof articlesin CVGIP:
Image Understanding [10] hashopefully promptedresearcherso standardizehoseparts of their exper
iments, systemsand datawhere such standardizatioris warranted. While improvementof the situation
requiresactivity on mary fronts,onethemethathasbeensoundedepeatedlyn recentyearsis the valueof
comparisongagainsistandardiatasets.Suchcomparisonsillow the strengthsandweaknessesf competing
techniqueso behighlighted,aswell asdemonstratinghedomainof applicabilityof themethodsinderstudy
(promotingthe ‘where doesit break?’ questionasked of researcherdescribingimplementationsandalgo-
rithms by reviewersandconferencepresentatiorattendees) Thereare signsthatthis needis beginningto
beaddressetly researchergsevidencedby the useof standardizediatabasem applicationsasdiverseas
stereamatching9], characterecognition[7], and(mostrelevantto thiswork) rangeimagesegmentatiori1].

In thisarticle,we describea databasef rangeimagesand3D objectsconstructe@verannine-yeamperiod
attwo institutions,which wasdesignedo facilitateresearclin model-base@D objectrecognition.Almost
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IRI-9506414(to WashingtorStateUniversity), by the WashingtorStateUniversity Researclrant-In-Aid program by
the WashingtorTechnologyCenter andby the NorthropCorporation.



by accident this databaséfreely available over the Internet)hasbecomea popularsourceof imageryfor
evaluationof rangeimageseymentationalgorithms. Disseminatiorand useof this databasevill allow for
realisticcomparatie studiesaswell asa sourceof testdatafor developmentof new techniquedor range
imageanalysisandunderstanding.

The remainderof this paperis organizedas follows. Section2 describeghe overall organizationof
the databasealongwith somecommentaryaboutthe history of its construction. Section4 describegwo
techniquesor accessinghedatabasandsuggestastandardchemdor creditingtheauthorsn publications
employing the databaseSection5 presentsomefinal comments.

2 Database Contentsand Organization

At presentthe databasdastwo main components:an archive of over 250 3D objectmodels,andan
archie of over400realandsyntheticrangeimages.New itemsareaddedo thedatabaseegularly anddoc-
umentedon its homepage.Accessstatisticsfor the databasareincompletebut the availabledataindicates
aminimumof 100downloadsof oneor moreitemsfrom thedatabaseachmonth.

2.1 Object Model Database

The objectmodeldatabaseontainsgdescription®f 3D objectsin a variety of formats. Differentdescrip-
tions of the sameobjectareemployedfor differentpurposesn our model-basedbjectrecognitionsystem.
For example eachobjectin thedatabasés describedasa polyhedronwhichfor objectswith curvedsurfaces
is merelyan approximatiorto the true objectshape.This polyhedraldescriptionis usefulfor synthesizing
imagesof the object,bothto provide datasetsfor systemtestingandto provide imagesof hypothesegor
verification[5]. Many objectsare describedn termsof the typesand parametersf their constituenssur
facesthis descriptionis usefulduringrecognitionasa sourceof surfaceprimitivesto correspondo surfaces
extractedfrom rangeimageseggmentationsEachfile formatis describedsia examplebelow.

Therearepresentlythreesub-archiesin the modeldatabase:

1. The M SU-Ideas databaseontainsdescriptionf twenty 3D objectsusedin testingof the BONSAI
and IFI objectrecognitionsystemsdevelopedby Flynn and Jain[5, 6]. Theseobjectswere origi-
nally designedn 1989and1990with the I-deassolid modelersold by StructuralDynamicsResearch
Corporation. A subsequentedesignphaseemployed the IRIT public-domainsolid modelet writ-
ten by GershorElber (of the University of Utah and Technion). Objectshapesregenerallysimple
andpiecavise-planayrcylindrical, spherical or conical. Objectsin this databasaredescribedn four
formats:

(a) IRIT solid modelerinput.

(b) IGES3.0formatteddata.

(c) An ASCII polyhedralapproximation.

(d) An ASCII file of surfacetypesandparameters.

2. The USF databaseontainsdescriptionof 81 polyhedralobjectsdesignedy studentsandfaculty at
theUniversityof SouthFlorida. A customsolid modelerdevelopedat USFwasusedto fabricatethese
models.Eachobijectis presentedn two formats:

(&) An ASCII polyhedraldescription.
(b) An ASCII file of surfacetypesandparametersin this databasegll objectsurfacesareplanar).

3. The NETLIB databaseontainsdescriptionsof 119 polyhedralobjectsobtainedfrom the NETLIB
scientificdatarepository Eachobjectis presentedhn two formats:

(&) An ASCII polyhedraldescription.
(b) An ASCII file of surfacetypesandparametersin this databasegll objectsurfacesareplanar).

1 http://www.cs.technion.ac.il/"gershon/iritthome/irit _home.html



4. TheWSU-PRO/E database&ontainsdescriptionof sevenobjectsconstructedrom drawvingsin me-
chanicaldesigntexts. The modelsweredesignedisingthe Pro/EngineeCAD packagesold by Para-
metric Technologies)nc. and are currently presentednly as polyhedralapproximations.We are
currentlydesigningmoremodelsandmakingsurfacedescriptionsvailable.

Figure 1 shaws a syntheticrangeimageof an objectfrom eachof the four databasesFigure 2 showvs
excerptsfrom thefour filesusedto describehe‘curvblock’ objectin theMSU-ldeasdatabaseAs mentioned
above, the file formatsmost usefulto our objectrecognizersare the polyhedralapproximation(i.e., the
.poly format,Figure2(c)) andtheneutralsurfacedescription(i.e., the.neutral ~ format, Figure2(d)).

2.2 Rangelmage Database

Therangeimagearchie consistf severalsub-archies.

e The Synthetic sub-archie containsfive syntheticrangeimagesof eachof the modelsin the MSU-
Ideasdatabaséescribedibore (for atotal of onehundredmages). Theseémageswveregeneratedrom
thepolyhedralapproximationg.poly files)accompayging eachof theMSU-ldeasnodels.Software
to generatehesesyntheticrangeimagesds alsoavailablein thearchive andis describedelow.

e Thelsolated sub-archie containsfive real rangeimages(taken with a TechnicalArts 100x range
sensorpf eachof thetwenty objectswhosemodelsarein the MSU-ldeasmodeldatabaséfor atotal
of 100images).

o TheCluttered sub-archie containgenrealrangeimagestakenwith the 100xrangesensor)eachof
ascenecontainingtwo of the objectsin the WSU-ldeasbjectdatabase.

e TheMiscellaneous sub-archie contains47 imagestakenwith the 100xrangesensorcontainingone
or moremiscellaneousbjects.

e Theseg-comp sub-archie contains80imagesusedn thesegmentatiorcomparisorprojectconducted
atthe University of SouthFlorida, WashingtonStateUniversity, the University of Bern,andthe Uni-
versity of Edinburgh since1993[1]. Forty of theimagesweretaken at Bernwith a structuredight
scannebuilt by ABW Gmbhandforty imagesweretakenat Oak RidgeNationalLaboratorywith an
OdeticsPerceptrodaserscanner

e TheUSF sub-archiecontainsl9range/reflectandenagepairstakenwith theOdeticsPerceptromaser
rangefinderat OakRidge.

2.3 Rangelmage Rendering Software

The archive alsocontainsthe sourcecodeandsupportinglibrariesfor a programthat synthesizesange
imagedromthepolyhedrabpproximationg.poly files)mentionedibore. Theprogramcurrentlyavailable
is somavhatlimited in thatit centerghe objectin thesyntheticaperturescaleghe coordinategppropriately
to fill theimagewith the object,and specifiesthe objectorientationby anindex between0 and319. The
index identifiesone of 320 viewpointswhich aredrawvn from the centersof the trianglescomprisinga 16-
frequeng subdvision of theicosahedronThe programrequireshe Mesasoftwarelibrary (whichis afreely
availableimplementatiorof mostof the OpenGLgraphicdibrary) anda pointerto the homesitefor Mesais
providedin the databaselescription.

3 Impact and Lessons L earned

The primary impactof a databasesuchasthe onedescribechereon its researclcommunityis demon-
stratedby theits frequeng of appearancén the literature. A brief examinationof recentissuesof IEEE
Trans. on PAMI revealedseveralusesof databasémagesjncludingthesetwo uses.

¢ Dickinsonet al. [4] usedTechnicalArts 100X imagesasinput to a systemto derive part modelsfor
theobjectsin theimages.



e SunandSherraH11] usedimagesasinputto a procedurdghatidentifiessymmetriesn objects.

Imagesin the databasédave alsobeenusedin the literatureto evaluaterangeimagesegmenters.The
objectmodelsin the databaséave not beenusedto any greatextent(thisis perhapgueto the proliferation
of free andinexpensve databasesf CAD modelsdevelopedfor usein computergraphicsand animation
applications).Therefore the recordof succes®f this databasés mixed. It is reasonablywell-known and
well-regardedasa sourceof rangeimagery but hashadlittle impactat a level abore segmentation.

In retrospectthe design,updatingand ‘marketing’ of the databasenight have beendonedifferently to
enhancats valueto the community Inexpensve CD-ROM writers andmediaaswell asinexpensve high-
capacityrewritablediskshave impactedandarecontinuingto impactthefor-freeandfor-profitapproachetm
sellingdata.More publicity aboutdatabasesuchasthe3D databasalsoraisesheirprofilein thecommunity
andthe recentand continuingactvities to improve the experimentaligor of computervision researchwill
helpreinforcetheir value.

4 Accessand Citation

The‘top’ of the3D model/imagedatabaseés availableat thefollowing URL:

http://www.eecs.wsu.edu/ flynn/3DDB /.

The archive is organizedasa tree; at the top level the visitor canelectto browsethe objectmodels,the
rangeimagespr therenderingsoftware.Eachleafdirectory’s contentge.g. agroupof relatedobjectmodels
or images,or the entirerenderingprogramsourcecode)is availableasa compressedNIX tar file, and
every individual file may alsobe browsedor downloadedseparately The several WWW pagesassociated
with this databasevill beinstrumentedvith programgo keeptrackof the database'usagethiswill helpto
guidefuture developmenbof thearchie.

5 Conclusions

In this shortarticle, we have describeda nine-yearold archive of datausedin model-base®D object
recognition. As the archive maturesadditionalitemsarebegin addedandits valueto the computervision
researchcommunity should continueto increase. Ultimately, the succesf this archive dependon the
willingnessof researcher® useit; this wasthe basisof our decisionto make the datafreely availableover
the InternetandWorld Wide Weh
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Figure 1. Synthetic range images of objects from the four databases in the object model
database . (a): MSU-Ideas database . (b): USF database . (c): NETLIB database. (d): WSU-
PRO/E database .
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# x=0 polygon
i1 = poly(iist(vect 0r(0.0,0)vector(0, 55,0), ﬂS : £ 3 5 °° 0000052000 :
vect 0r(0,5.5,2.75), vec tor(0,0,2.75)),FALS E); ﬁg g é % g o o ooooggOOOD g
# y=0 polygon
2= poly(iist(vect 0r(0,0,0),vector(6. 75,0,0), i I 5 °° 000080 §
FALSE): vector(6.75,0,2.75) vector(O 0,2.75)), 244 lines deleted
li itted 108 268 P 0 o o 0000000010 23
16 lines omitt 110, 0.1250000E+01,  0.5500000E+01,0.2  750000E+01, 1P 1
#12z =2.75 polygon (L-shaped. Note cyl inder isn’t 0.1250000E+01,0.55  00000E+01, 0.000000  OE+00, 0, 0; 1P 2
subtracted yet.) .
i11 = poly(list(vec tor(0,0,2.75),vecto 1(6.75,0,2.75), 261 lines deleted
vec 10r(6.75,1.25,2.75) . 110, 0.0000000E+00,  0.5500000E+01, 0.0  000000E+00, 249P 264
vec torg ggé g 22 75) s l%gooogcogé)o, 05 52%003;)1 0.27500  00E+01, 0, 0; gggg ggg
vec tor ,5.5, 4, 243, .
0, 0O 1P 267
C 0r(0,5.5,2.75)), 108, 0.0000000E+00,  0.1000000E+01,0.0  000000E+00, 055000  00E+01, 253P 268
FALSE) 0205&0,000 gggn%%ootza 00, 0.0000000E+00,  0.0000000E+00, %ggg %_elg
# Note: negation ne eded because irit s eems to create an S 254p 210 :
# inside—out object
a=- mergepoly(list(il,i | 2,i3,i4,i5,i6,i7,i8 ,19,i10,i11));
# resolution=128;
¢ = cylin(vector(4, -1,2.75),vector(0,5 ,0),1.375);
=a—c;
save("curvblock",co nvex(b));
@) (b)
pnt 0: 4.000000 1.2 50000 1.250000 i
bnt 1: 4,000000 1.2 50000 0.000000 gesD: d er & s 010 oin £ 40275
pnt 2: 6.750000 1.2 50000 0.000000 Phoin20 ¢ aoue 1.arsooo O E
pnt 3: 6.750000 1.2 50000 1.250000 o . :
pnt 4: 1.250000 0.0 00000 0.000000 gesID: 2
kype: plane c oefficients: 0.0000 00 1.000000 0.00000 0 1.250000
57 lines deleted D3
gpe: b\ane c oefficients: 1.0000 00 0.000000 0.00000 0 1.250000
pnt 62: 2.692300 0. 000000 2.325100 gesiD: 4
ng (1) EH ig ‘212 3‘2‘ ig kype: b\ane c oefficients: 0.0000 00 0.000000 1.00000 0 1.250000
X gesID: 5
K0 lines deleted ype: plane ¢ oefficients: 0.0000 00 1.000000 0.00000 0 4.000000
esID: 6
oly 42: [3] 62 61 59 tg'pe: plane ¢ oefficients: 1.0 0. 00.04.0
poly 43: [4] 24 13 561
poly 44: [4] 14 15 76 gesID: 7 B
kurf 0: [10] 0 kype: plane c oefficients: 0.0000 00 0.000000 1.00000 0275
purf 1: [11] 10 esiD: 8
SurI %: {ﬂ %é Ejpe: plane ¢ oefficients: 0.0000 00 0.000000 1.00000  02.75
surf 3:
: esID: 9
Zﬂ::; g {H gé Igpe: plane c oefficients: 0.0000 00 0.000000 -1.0000 00 0.000000
purf 6: [2] 26 esiD: 10
SUFI gi %% gg 3pe; plane ¢ oefficients: ~1.000 000 0.000000 0.0000 00 0.000000
surf 8:
: esID: 11
23{,; ?O[Ji]l]3§3 spe: plane c oefficients: 1.0000 00 0.000000 0.00000 0 6.750000
purf 11: [10] 34 esiD: 12
purf 12: [1] 44 l)g/pe: plane ¢ oefficients: 0 -1 0 0
gesID: 13
ype: plane c oefficients: 0.0000 00 1.000000 0.00000 05.500000
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Figure 2. Four descriptions of the MSU-Ideas curvblock
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