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Abstract

Reproducibilityandthoroughexperimentalevaluationareessentialelementsof thedisseminationof sys-
tems,includingthesystemsdevelopedfor objectrecognitionby computervisionresearchers.Systemstested
on widely usedimagedatabasesaremoredirectlycomparablethansystemswhicharetestedon customized
data.Thispaperdescribesthecomponentsof anevolving databaseof 3D objectmodels,3D (range)images,
andcodeto supportresearchin andevaluationof model-basedobjectrecognitionandrangeimageanalysis
systems.Imagesandmodelsareavailablein a varietyof geometricformats(e.g., VRML, GIF aswell as
documentedneutralformats)andtheentiredatabasecanbebrowsedandretrievedthroughtheWorld Wide
Web.

1 Introduction

Model-basedthree-dimensionalobjectrecognitioncontinuesto be a popularandproductive areaof re-
searchin thecomputervisioncommunity. Thedifferentassumptionsinherentin designingacompletesystem
have spawnedmany original systemsandthesubsequentdevelopmentof variantsandimprovements[3, 2].
Object recognizersemploying denserangemapshave beenparticularlypopularsystemsfor experimental
computervision researchersto construct. Recentdropsin the pricesof rangesensorsand dramaticim-
provementsin theprocessingpower andmemorycapacityof researchworkstationshave combinedto make
experimentationwith real (aswell assynthetic)rangedataandhistorically-slow recognitionstrategiesap-
proachable,evenin researchlabswith significantlylimited resources.

At the 1991 NSF-sponsoredworkshopentitled “Future Directionsin ComputerVision Research”[8],
computervisionmethodology(or lackof same)receivedfocusedattention,andaseriesof articlesin CVGIP:
Image Understanding [10] hashopefully promptedresearchersto standardizethosepartsof their exper-
iments,systems,and datawheresuchstandardizationis warranted. While improvementof the situation
requiresactivity on many fronts,onethemethathasbeensoundedrepeatedlyin recentyearsis thevalueof
comparisonsagainststandarddatasets.Suchcomparisonsallow thestrengthsandweaknessesof competing
techniquesto behighlighted,aswell asdemonstratingthedomainof applicabilityof themethodsunderstudy
(promotingthe ‘wheredoesit break?’ questionaskedof researchersdescribingimplementationsandalgo-
rithms by reviewersandconferencepresentationattendees).Therearesignsthat this needis beginning to
beaddressedby researchers,asevidencedby theuseof standardizeddatabasesin applicationsasdiverseas
stereomatching[9], characterrecognition[7], and(mostrelevantto thiswork) rangeimagesegmentation[1].

In thisarticle,wedescribeadatabaseof rangeimagesand3D objectsconstructedoverannine-yearperiod
at two institutions,which wasdesignedto facilitateresearchin model-based3D objectrecognition.Almost
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by accident,this database(freely availableover the Internet)hasbecomea popularsourceof imageryfor
evaluationof rangeimagesegmentationalgorithms.Disseminationanduseof this databasewill allow for
realisticcomparative studiesaswell asa sourceof testdatafor developmentof new techniquesfor range
imageanalysisandunderstanding.

The remainderof this paperis organizedas follows. Section2 describesthe overall organizationof
the database,alongwith somecommentaryaboutthe history of its construction.Section4 describestwo
techniquesfor accessingthedatabaseandsuggestsastandardschemefor creditingtheauthorsin publications
employing thedatabase.Section5 presentssomefinal comments.

2 Database Contents and Organization

At present,the databasehastwo main components:an archive of over 250 3D objectmodels,andan
archiveof over400realandsyntheticrangeimages.New itemsareaddedto thedatabaseregularlyanddoc-
umentedon its homepage.Accessstatisticsfor thedatabaseareincompletebut theavailabledataindicates
a minimumof 100downloadsof oneor moreitemsfrom thedatabaseeachmonth.

2.1 Object Model Database

Theobjectmodeldatabasecontainsdescriptionsof 3D objectsin a varietyof formats.Differentdescrip-
tionsof thesameobjectareemployedfor differentpurposesin our model-basedobjectrecognitionsystem.
For example,eachobjectin thedatabaseis describedasapolyhedron,whichfor objectswith curvedsurfaces
is merelyanapproximationto the trueobjectshape.This polyhedraldescriptionis usefulfor synthesizing
imagesof the object,both to provide datasetsfor systemtestingandto provide imagesof hypothesesfor
verification[5]. Many objectsaredescribedin termsof the typesandparametersof their constituentsur-
faces;thisdescriptionis usefulduringrecognitionasasourceof surfaceprimitivesto correspondto surfaces
extractedfrom rangeimagesegmentations.Eachfile formatis describedvia examplebelow.

Therearepresentlythreesub-archivesin themodeldatabase:

1. TheMSU-Ideas databasecontainsdescriptionsof twenty3D objectsusedin testingof theBONSAI
and IFI object recognitionsystemsdevelopedby Flynn and Jain [5, 6]. Theseobjectswereorigi-
nally designedin 1989and1990with theI-deassolid modelersoldby StructuralDynamicsResearch
Corporation. A subsequentredesignphaseemployed the IRIT public-domainsolid modeler� writ-
tenby GershonElber (of theUniversityof UtahandTechnion).Objectshapesaregenerallysimple
andpiecewise-planar, cylindrical, spherical,or conical.Objectsin this databasearedescribedin four
formats:

(a) IRIT solidmodelerinput.

(b) IGES3.0formatteddata.

(c) An ASCII polyhedralapproximation.

(d) An ASCII file of surfacetypesandparameters.

2. TheUSF databasecontainsdescriptionsof 81 polyhedralobjectsdesignedby studentsandfacultyat
theUniversityof SouthFlorida.A customsolidmodelerdevelopedatUSFwasusedto fabricatethese
models.Eachobjectis presentedin two formats:

(a) An ASCII polyhedraldescription.

(b) An ASCII file of surfacetypesandparameters(in thisdatabase,all objectsurfacesareplanar).

3. The NETLIB databasecontainsdescriptionsof 119 polyhedralobjectsobtainedfrom the NETLIB
scientificdatarepository. Eachobjectis presentedin two formats:

(a) An ASCII polyhedraldescription.

(b) An ASCII file of surfacetypesandparameters(in thisdatabase,all objectsurfacesareplanar).
�
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4. TheWSU-PRO/E databasecontainsdescriptionsof sevenobjectsconstructedfrom drawingsin me-
chanicaldesigntexts. ThemodelsweredesignedusingthePro/EngineerCAD packagesoldby Para-
metric Technologies,Inc. and arecurrentlypresentedonly as polyhedralapproximations.We are
currentlydesigningmoremodelsandmakingsurfacedescriptionsavailable.

Figure1 shows a syntheticrangeimageof an object from eachof the four databases.Figure2 shows
excerptsfrom thefour filesusedto describethe‘curvblock’ objectin theMSU-Ideasdatabase.As mentioned
above, the file formatsmost useful to our object recognizersare the polyhedralapproximation(i.e., the
.poly format,Figure2(c))andtheneutralsurfacedescription(i.e., the .neutral format,Figure2(d)).

2.2 Range Image Database

Therangeimagearchiveconsistsof severalsub-archives.

� The Synthetic sub-archive containsfive syntheticrangeimagesof eachof the modelsin the MSU-
Ideasdatabasedescribedabove(for atotalof onehundredimages).Theseimagesweregeneratedfrom
thepolyhedralapproximations(.poly files)accompanyingeachof theMSU-Ideasmodels.Software
to generatethesesyntheticrangeimagesis alsoavailablein thearchiveandis describedbelow.� The Isolated sub-archive containsfive real rangeimages(taken with a TechnicalArts 100x range
sensor)of eachof thetwentyobjectswhosemodelsarein theMSU-Ideasmodeldatabase(for a total
of 100images).

� TheCluttered sub-archivecontainstenrealrangeimages(takenwith the100xrangesensor),eachof
ascenecontainingtwo of theobjectsin theWSU-Ideasobjectdatabase.

� TheMiscellaneous sub-archivecontains47 imagestakenwith the100xrangesensor, containingone
or moremiscellaneousobjects.� Theseg-comp sub-archivecontains80imagesusedin thesegmentationcomparisonprojectconducted
at theUniversityof SouthFlorida,WashingtonStateUniversity, theUniversityof Bern,andtheUni-
versityof Edinburgh since1993[1]. Forty of the imagesweretaken at Bern with a structuredlight
scannerbuilt by ABW Gmbhandforty imagesweretakenat OakRidgeNationalLaboratorywith an
OdeticsPerceptronlaserscanner.� TheUSF sub-archivecontains19range/reflectanceimagepairstakenwith theOdeticsPerceptronlaser
rangefinderatOakRidge.

2.3 Range Image Rendering Software

Thearchive alsocontainsthesourcecodeandsupportinglibrariesfor a programthatsynthesizesrange
imagesfromthepolyhedralapproximations(.poly files)mentionedabove.Theprogramcurrentlyavailable
is somewhatlimited in thatit centerstheobjectin thesyntheticaperture,scalesthecoordinatesappropriately
to fill the imagewith the object,andspecifiesthe objectorientationby an index between0 and319. The
index identifiesoneof 320viewpointswhich aredrawn from thecentersof the trianglescomprisinga 16-
frequency subdivisionof theicosahedron.TheprogramrequirestheMesasoftwarelibrary (which is a freely
availableimplementationof mostof theOpenGLgraphicslibrary) andapointerto thehomesitefor Mesais
providedin thedatabasedescription.

3 Impact and Lessons Learned

Theprimary impactof a databasesuchasthe onedescribedhereon its researchcommunityis demon-
stratedby the its frequency of appearancein the literature. A brief examinationof recentissuesof IEEE
Trans. on PAMI revealedseveralusesof databaseimages,includingthesetwo uses.

� Dickinsonet al. [4] usedTechnicalArts 100X imagesasinput to a systemto derive partmodelsfor
theobjectsin theimages.



� SunandSherrah[11] usedimagesasinput to a procedurethatidentifiessymmetriesin objects.

Imagesin the databasehave alsobeenusedin the literatureto evaluaterangeimagesegmenters.The
objectmodelsin thedatabasehavenot beenusedto any greatextent(this is perhapsdueto theproliferation
of free andinexpensive databasesof CAD modelsdevelopedfor usein computergraphicsandanimation
applications).Therefore,the recordof successof this databaseis mixed. It is reasonablywell-known and
well-regardedasa sourceof rangeimagery, but hashadlittle impactata level abovesegmentation.

In retrospect,thedesign,updatingand‘marketing’ of the databasemight have beendonedifferently to
enhanceits valueto thecommunity. InexpensiveCD-ROM writersandmediaaswell asinexpensive high-
capacityrewritablediskshaveimpactedandarecontinuingto impactthefor-freeandfor-profitapproachesto
sellingdata.Morepublicityaboutdatabasessuchasthe3Ddatabasealsoraisestheirprofilein thecommunity
andtherecentandcontinuingactivities to improve theexperimentalrigor of computervision researchwill
helpreinforcetheir value.

4 Access and Citation

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

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

Thearchive is organizedasa tree;at the top level thevisitor canelectto browsetheobjectmodels,the
rangeimages,or therenderingsoftware.Eachleafdirectory’scontents(e.g. agroupof relatedobjectmodels
or images,or theentirerenderingprogramsourcecode)is availableasa compressedUNIX tar file, and
every individual file mayalsobebrowsedor downloadedseparately. TheseveralWWW pagesassociated
with thisdatabasewill beinstrumentedwith programsto keeptrackof thedatabase’susage;thiswill helpto
guidefuturedevelopmentof thearchive.

5 Conclusions

In this shortarticle, we have describeda nine-year-old archive of datausedin model-based3D object
recognition.As thearchive matures,additionalitemsarebegin addedandits valueto thecomputervision
researchcommunityshouldcontinueto increase.Ultimately, the successof this archive dependson the
willingnessof researchersto useit; this wasthebasisof our decisionto make thedatafreely availableover
theInternetandWorld Wide Web.
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(a) (b)

(c) (d)

Figure 1. Synthetic rang e 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 .



# the curvblock obj ect
# 7/95 pat flynn

# x=0 polygon
i1 = poly(list(vect or(0,0,0),vector(0, 5.5,0), 
               vect or(0,5.5,2.75), vec tor(0,0,2.75)),FALS E);
# y=0 polygon
i2 = poly(list(vect or(0,0,0),vector(6. 75,0,0), 
               vector(6.75,0,2.75) , vector(0,0,2.75)),
          FALSE);

16 lines omitted

# z = 2.75 polygon (L−shaped. Note cyl inder isn’t 
subtracted yet.)
i11 = poly(list(vec tor(0,0,2.75),vecto r(6.75,0,2.75),
                vec tor(6.75,1.25,2.75) ,
                vec tor(1.25,1.25,2.75) , 
                vec tor(1.25,5.5,2.75),
                vec tor(0,5.5,2.75)),
           FALSE);

# Note: negation ne eded because irit s eems to create an 
# inside−out object .
a = − mergepoly(list(i1,i 2,i3,i4,i5,i6,i7,i8 ,i9,i10,i11));

# resolution=128;

c = cylin(vector(4, −1,2.75),vector(0,5 ,0),1.375);
b=a−c;

save("curvblock",co nvex(b));

GEOMETRY CREATED BY SDRC GEOMOD 4.0                                     S      1
,,9HCURVBLOCK,9HCURVBLOCK, 36HSDRC GEOMOD;V4.0 ,SUN   ,TY PE−IGES30,,32, G      1
8,24,8,56,9HCURVBLO CK,1.0,1,2HIN,,,13H 900108.085616,1.0E− 05,6.8E+00,,;  G      2
     110       1       1       1       0       0       0       000000000D      1
     110       0       5       2       0                               0D      2
     110       3       1       1       0       0       0       000000000D      3
     110       0       5       2       0                               0D      4
     110       5       1       1       0       0       0       000000000D      5
     110       0       5       2       0                               0D      6
     110       7       1       1       0       0       0       000000000D      7
     110       0       5       2       0                               0D      8

244 lines deleted

     108     268       1       1       0       0       0       000000001D    253
     108       0       2       3       1                               0D    254
110, 0.1250000E+01,  0.5500000E+01, 0.2 750000E+01,                      1P      1
 
0.1250000E+01, 0.55 00000E+01, 0.000000 0E+00, 0, 0;                     1P      2

261 lines deleted

110, 0.0000000E+00,  0.5500000E+01, 0.0 000000E+00,                    249P    264
 0.0000000E+00, 0.5 500000E+01, 0.27500 00E+01, 0, 0;                  249P    265
102,     4,   243,   245,   247,   249 ,                              251P    266
     0,     0;                                                       251P    267
108, 0.0000000E+00,  0.1000000E+01, 0.0 000000E+00, 0.55000 00E+01,     253P    268
   251, 0.0000000E+ 00, 0.0000000E+00, 0.0000000E+00,                 253P    269
 0.0000000E+00,0,0;                                                   253P    270
S      1G      2D    254P    270                                        T      1

(a) (b)

pnt 0: 4.000000 1.2 50000 1.250000
pnt 1: 4.000000 1.2 50000 0.000000
pnt 2: 6.750000 1.2 50000 0.000000
pnt 3: 6.750000 1.2 50000 1.250000
pnt 4: 1.250000 0.0 00000 0.000000

57 lines deleted

pnt 62: 2.692300 0. 000000 2.325100
poly 0: [4]  25 26 44 45
poly 1: [4]  45 44 42 48

40 lines deleted

poly 42: [3]  62 61  59
poly 43: [4]  24 13  5 61
poly 44: [4]  14 15  7 6
surf 0: [10] 0
surf 1: [11] 10
surf 2: [2] 21
surf 3: [1] 23
surf 4: [1] 24
surf 5: [1] 25
surf 6: [2] 26
surf 7: [1] 28
surf 8: [3] 29
surf 9: [1] 32
surf 10: [1] 33
surf 11: [10] 34
surf 12: [1] 44

(c)

igesID: 1
type: cylinder    a xis: 0 1 0     poin t: 4 0 2.75
length: 2.0       r adius: 1.375000

igesID: 2
type: plane       c oefficients: 0.0000 00 1.000000 0.00000 0 1.250000

igesID: 3
type: plane       c oefficients: 1.0000 00 0.000000 0.00000 0 1.250000

igesID: 4
type: plane       c oefficients: 0.0000 00 0.000000 1.00000 0 1.250000

igesID: 5
type: plane       c oefficients: 0.0000 00 1.000000 0.00000 0 4.000000

igesID: 6
type: plane       c oefficients: 1.0 0. 0 0.0 4.0

igesID: 7
type: plane       c oefficients: 0.0000 00 0.000000 1.00000 0 2.75

igesID: 8
type: plane       c oefficients: 0.0000 00 0.000000 1.00000 0 2.75

igesID: 9
type: plane       c oefficients: 0.0000 00 0.000000 −1.0000 00 0.000000

igesID: 10
type: plane       c oefficients: −1.000 000 0.000000 0.0000 00 0.000000

igesID: 11
type: plane       c oefficients: 1.0000 00 0.000000 0.00000 0 6.750000

igesID: 12
type: plane       c oefficients: 0 −1 0  0

igesID: 13
type: plane       c oefficients: 0.0000 00 1.000000 0.00000 0 5.500000

(d)

Figure 2. Four descriptions of the MSU-Ideas curvblock object. (a): IRIT (.irt ) file . (b):
IGES file (excerpts). (c): Polyhedral approximation (.poly file , excerpts). (d): surface de-
scriptions (.neutral file).


