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ABSTRACT

Theauthorspresentarobustandextendablelocalizationsystemformonocularimages.Tohaveboth
robustnesstowardnoisefactorsandextendibilitytounfamiliarscenessimultaneously,oursystem
combinestraditionalcontent-basedimageretrievalstructurewithCNNfeatureextractionmodelto
localizemonocularimages.ThecoremodelofthesystemisadeepCNNfeatureextractionmodel.
Thefeatureextractionmodelcanmapanimagetoad-dimensionspacewhereimagepairsinthe
realwordhavesmallerEuclideandistances.Thefeatureextractionmodelisachievedusingadeep
ConvnetmodifiedfromGoogLeNet.Aspecialwaytotrainthefeatureextractionmodelisproposed
inthearticleusinglocalizationresultsfromCambridgeLandmarksdataset.Throughexperiments,it
isshownthatthesystemisrobusttonoisefactorssupportedbyhighlevelCNNfeatures.Furthermore,
theauthorsshowthatthesystemhasapowerfulextendibilitytootherunfamiliarscenessupported
byafeatureextractmodel’sgenericpropertyandstructure.

KeywoRdS
Algorithm, Classification, Content Based Recognition, Convolutional Neural Network, Feature Extraction, 
Image Based Localization, Image Retrieval, Loss Function

1. INTRodUCTIoN

Localizationiscrucialforpeople’slifeandmanyapplicationslikenavigation,robotics,augmented
reality,etc.Thoughtheglobalpositioningsystem(GPS)cansolvetheprobleminthemostofsituations,
therearestillsomecasesthatGPScannothandlewell.Manyimage-basedlocalizationmethodsare
proposedtodealwiththesecases.ThispaperproposesanovellocalizationsystemnamedDis-Retrieval
toestimatepositionfromamonocularRGBimage.

OurproposedsystemtakesamonocularRGBimageasinputandoutputsapositionwherethis
imageistoken.Thecoreofoursystemisadeepconvolutionalneuralnetwork(CNN)model,which
canmapanimagetoad-dimensionspacewherefeaturepairsofdistance-closerimagepairsinreal
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wordhavesmallerEuclideandistances.AsFigure1illustrates,thestructureofoursystemissimilar
withcontent-basedimageretrievalsystem(Zhang,Zhao,andHan,2009).Whenaqueryimageis
coming,oursystemfirstlyusesCNNfeatureextractionmodeltoextractafeaturevectorfromquery
image,thenusesittomatchfeaturesoflabeledimagesforknearestimages,finallyuseskimages’
positioninformationtoestimatequeryimage’sposition.Similarwithcontent-basedimageretrieval
system,itcanoperateinrealtimespeededbyhashtechnology(Gionis,Indyk,andMotwani,2000).

Beforeintroducingourmaincontribution,wefirstsimplytalkaboutmotivationsofthispaper.By
now,therearemainlytwotypesofmethodstosolvetheimage-basedlocalizationproblem.Methods
offirsttypearetraditionalmethodswhichestimatepositionbyusingtraditionalimagefeatures(like
SIFT(Lowe,2004))tomatchimages.Methodsofthistypeareeasilyinfluencedbynoisefactors
inimagessuchaslight,camera’sangle,pedestrians,cars,etc.MethodsofsecondtypeareCNN-
feature-basedmethods,whichuseCNNtosolvetheproblem.Methodsofthistypecaneasilyhandle
theinfluenceoflight,camera’sangle,pedestriansandcarsthroughdata-drivenlearning.Butthey
arelessextendable,thatisonetrainedmodelcanjustprocessonesceneoroneplace.Forexample,
wetrainamodelusinglabeledimagesofAUniversity:ifwewanttohavealocalizationmodelofB
University,wehavetotrainanothermodelusinglabeledimagesofBUniversity;evenwhenwewant
toaddsomelabeledimagesofAUniversity,wealsohavetofinetuneoldmodelofAUniversity.
Maybeyoucanforceonemodeltoprocesstwouniversities,butwhatifthereare1000universities?
Themodel’sparametersarelimited,soitishardtoextendmethodsofthistypetomanyplaces.Our
proposedsystemovercomesthesetwodifficultiesthroughcombiningtraditionalcontent-basedimage
retrievalstructurewithCNNfeatureextractionmodel.

OurmaincontributionisthedeepCNNfeatureextractionmodel.Thefeatureextractionmodel
canmapanimagetoadimensionspacewherefeaturepairsofdistance-closerimagepairsinreal
word have smaller Euclidean distances. The feature extraction model has two good properties.
First,thefeatureextractionmodelismorerobusttolight,camera’sangle,pedestriansandcarsthan
traditionalimagefeatureextractionmethodssuchasSIFT(Lowe,2004),HOG(Michal,1995),LBP
(Ojala,Pietikainen,andHarwood,1994),etc.Second,thefeatureextractionmodelhasacompetitive
performanceforuntrainedplaces,thatistosayifyouuseaplace’slabeledimagestotrainafeature
extractionmodel,themodelalsoworkswelltootheruntrainedplaces.Weachievethesetwoproperties

Figure 1. Structure of proposed localization system for monocular image
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