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RetinalVimageVanalysis4is4greatly4aided4by4bloodVvesselV
segmentation4as4the4vesselVstructure4may4be4considered4
both4a4keyVsourceVofVsignalF4eígí4in4the4diagnosisVofVdiabeticV
retinopahyF4or4a4nuisanceF4eígí4in4the4analysisVofVpigmentV
epithelium4or4choroidVrelatedVabnormalitiesí
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ourVcontribution
We4present4a4novelVmethod4for4bloodVvesselVsegmentationV
in4fundusVimages4based4on4a4discriminativelyVtrainedF4
fullyVconnectedVconditionalVrandomVfield4ACRFS4[5]í
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FrazdetdalédOLRO
YoudetdalédOLRR

MiridanddMahloojifarédOLRR

ZhangdetdalédOLRL

Palomera−PerezdetdalédOLRL
VlachosdanddDermatasédOLL9

Al−DiridetdalédOLL9

EsponadetdalédOLL8

EsponadetdalédOLL7
Martínez−PérezdetdalédOLL7

MendonçadanddCampilhoédOLL6

Onddhumandobserver

Local−neighborhooddbaseddCRF
Ourdmethod

quantitativeVevaluation

estimationVofVscaleVvalues
ScaleVvaluesVof4theVpairwiseVkernelsVare4
estimatedVfollowingV[4]F4byVtakingVtheVmedianV
ofVtheVdistanceVoverVrandomVsampledVpairsV
ofVpixelsD

unaryVpotentials

energyVdefinition
The4segmentationVtaskVis4posed4as4anVenergy

minimizationVproblemVin4aVfullyVconnectedV(Rö.

LogTlikelihoodVover4
theVlabelVassignment.

SimilarVdistributionVbutVconsidering
only4the4interactionsVbetweenVpixels

featuresVandVtheirVlabels

pairwiseVpotentials

pottsVmodel

gaussianVpairwiseVkernel

feature
simmilarity

pixel
distance

trainingVset
Weights4are4learned4from4the4trainingVset.

lossVfunction

preprocessing
8mages4are4preprocessed4to4avoidV
falseVdetections4in4the4borderVofVtheV
öOV4and4toVreduce4the4effect4of
biasedVilluminationí

9reenVbandVof
theVoriginal
colorVimage

üorderVextended
imageVbased

onV[x]

üackground
subtractedV

image

üackground
estimatedVwith
aVmedianVfilter

vesselVenhancementVV
inspiredVonV[]]

pairwiseVfeature

unaryVfeatures

4dVmultiscaleVgaborVwaveletsV[x]

NarrowVvesselsVTVWideVvessels

vesselnessVenhancementV
inspiredVonV[[]

lineV
detectorsV[v]

featureVselection
üestVconfigurationVofVfeaturesVis4found4

byVminimizingVtheVdistanceV
toVaVsecondVhumanVobserverV

performanceYVusing4aVvalidationVsetDV
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KrähenbühlYVPDYVKoltunYVVD.VEfficient4inference4in4fully4connected4CRFs4with4
Gaussian4edge4potentialsDV8n.VN8PSDVA4354N

SchölkopfYVüD.VSupport4Vector4LearningDVPh0VthesisYVOldenbourgVVerlagY
MunichVA5qq]N

HoachimsYVTDYVöinleyYVTDYVYuYV(DNDHD.VCuttingCplane4training4of4structural4SVMsí4
MachineVLearningV]]A5NVA433qNV4]–xq

RicciYV)DYVPerfettiYVRD.VRetinal4blood4vessel4segmentation4using4line4operators4
and4support4vector4classificationDV8)))VTTM8V4[A53NVA433]NV51x]–51[x

SoaresYVHDVDYVetValD.VRetinal4vessel4segmentation4using4the4ECd4Gabor4wavelet4
and4supervised4classificationí48)))VTTM8V4xAqNVA433[N

SinthanayothinYV(DYVetValD.VAutomated4localisation4of4the4optic4discF4foveaF4and4
retinal4blood4vessels4from4digital4colour4fundus4imagesíV
üritishVHournalVofVOphthalmologyV21A2NVA5qqqNVq34–q53

SalehYVMD0DYV)swaranYV(D.VAn4efficient4algorithm4for4retinal4blood4vessel4
segmentation4using4hCmaxima4transform4and4multilevel4thresholdingDV
(omputerVMethodsVinVüiomechanicsVandVüiomedicalV)ngineeringV5xAxNVA4354NV
x5]–x4x
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originalVimage 5stVhumanVobserver 4ndVhumanVobserver ourVresult

qualitativeVevaluation )xperimentsVandVevaluationVareVperformedVonV0R8V)Vdataset

OurVmethodVisVstatisticallyVtiedVwith4the4performance
ofVaVsecondVexpertVannotatorYVandVachievesVaVmuch
higherVsensitivityVthan4allVotherVcurrentVsegmentation
systemsD

structuredVoutputVsvm WeVoptimizeVthisVexpressionVusingV[1]D

evaluation
metrics
OurVresultsVare
comparedVwithVthe
stateTofTtheTartV
inVtermsVofVsensitivity
andVspecificity

weightVvector
unaryVfeatureVvectorYV

biasVconstantVandV
pairwiseVfeatureVvector

manual
annotation

featureVmap
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–ammingVloss

weightsVforVunaryYVbiasVand
pairwiseVtermsYVrespectively


