
•Internetphotosfromallovertheworld:Flickr,StreetView,...
•Powerful3Dreconstructiontechniques([Agarwal09,Crandall11],etc.)
•Thiswork:Usetheabovetoregister (hence recognize) new images

•Full 6-DOF+intrinsics camera pose
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Motivation

ThisworkwassupportedinpartbyNSFgrantsIIS-0713185andIIS-1111534,IntelCorporation,Amazon.com,Inc.,MITLincolnLaboratory,andtheSwissNationalScienceFoundation.

3DPointCloudModels

•CreatedbySfM:SIFT,pairwiseimagematching,bundleadjustment
•3Dpoints-position,SIFTdescriptors
•Databaseimages--registeredtoreconstruction
•Visibility info--bipartitegraphbetweendatabaseimagesandpoints

Co-occurrencePriorforRANSAC

Datasets Visualizationofregistrationandlocalization

Quantitativeresults

•Co-visibilitygivespowerfulnewpriorforRANSACsampling:
-Choosepointsco-occurringoftenindatabaseimages

-A
p
=setofimagesinwhichpointpoccurs

-SampleN(=3or4)ptswithprob.:
-Equiv.tosamplesequentiallywith:

-Forspeed,approximatewith:
•Examplesoffrequentlyco-occurringpoints

BuildingclassificationperformanceforSan
Francisco.Recallrateat95%precision(asin
[Chenetal.11]).Noperspectivefrontal
images(PFI)used

Landmarks

Registrationratefor
Landmarks,showingef-
fectivenessofco-
occurrenceRANSAC
andbidirectional
matching

SanFrancisco

Mistakes

Direct2D-to-3DRegistration
•Powerfulgeometricconstraints--highconfidence
•Nointermediateretrievalstep--nomultiplepairwiseimagematching
•Fullcamerapose,thusexactlocation&orientation
•Imageretrievalaby-productifneeded

Registrationprocedure

•ExtractSIFTforqueryimage
•Matchimagefeaturesto3Dpoints-->putative matches

-byfinding(A)NNinSIFTspace,subjecttoratio test

•RANSAC--findtruematches&pose,acceptifatleast12inliers

ChallengesatLargeScale
•Noisyputativematchesasdatabasegrows
-Hardertofindgoodmatches
-Hardertodistinguishgoodmatchesfrombadones
•Much larger search scale --> new techniques needed

Model Points

Database Images

BidirectionalMatching

•Forwardmatching:imagefeaturestomodelpoints
•Inversematching:modelpointstoimagefeatures(prioritized[Lietal.10])
-Mayrecovermatchestooambiguousforforwardmatchingtofind

•Combineboth:performinversematchingifforwardmatchingfails

Experiments

•Landmarks(imagesfrom[Crandalletal.09],top1000landmarks)
-200Kimagesand38Mpointsinreconstructed3Dmodel,10Ktestimages

•San Francisco(imagesfrom[Chenetal.11],normalperspectiveonly)
-SF1,uprightSIFTw/histogrameq.:800Kimages,75Mpoints
-SF0,regularSIFT:600Kimages,30Mpoints.803testimages(bothSF0&SF1)

•Quad(imagesfrom[Crandalletal.11])
-4830images,2Mpoints,348accuratelygeotagged(within1m)testimages

LocalizationaccuracyforQuad

Furtherevaluatescalabilitybycombiningthe
pointcloudmodelfromall3datasets
(Landmarks+SF0+Quad).Over800Kimages
and70Mpointsincombinedmodel
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OnlineDemo:
    http://landmark.cs.cornell.edu
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