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ABSTRACT

Thisarticlepresentsanalgorithmtodetectexudates,whichcanbeconsideredasoneofthemany
abnormalities, to identifydiabeticretinopathyfromfundus images.Thealgorithmis invariant to
illuminationandworkswellonpoorcontrastimageswithhighreflectionnoise.Theartefactsare
correctlyrejecteddespitetheircolour,intensityandcontrastbeingalmostsimilartothatofexudates.
Opticdisc is localizedand segmentedusingaverage filterof speciallydetermined sizewhich is
animportantstepintherejectionoffalsepositives.Exudatesarelocatedbygeneratingcandidate
regionsusingvarianceandmedianfiltersfollowedbymorphologicalreconstruction.Thestrategic
selectionoflocalpropertiestodecidethethreshold,makesthisapproachnovelandadaptive,thatis
highlyaccuratefordetectionofexudates.Theproposedmethodwastestedontwopubliclyavailable
labelleddatabases(DIARETDB1andMESSIDOR)andadatabasefromalocalhospitalandachieved
asensitivityof96.765%andapositivepredictivevalueof93.514%.
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INTRoDUCTIoN

DiabeticRetinopathyisanocularmanifestationofdiabetes,whichcausesretinaldamageandeventually
leadstoblindness.Itischaracterizedbyretinalmicrovasculardysfunction(Joussen,Paulaki,Le,
2004)andithasbeenfoundtoaffectalmost80percentofpeoplewhohavehaddiabetesformore
thanadecade(Kertes,Johnson,2007).Diabeticretinopathyisamajorcauseofblindness(Abramoff,
2008)andconstitutesaround5%ofthevisionlosscasesaroundtheglobeduetoretinopathy(Salomao,
Mitsuhiro,Belfort,2009).Ithasbeenestimatedthatinthenext10-15years,almostallpatientswith
type-Iandtwo-thirdofthosewithtype-IIdiabeteswillsufferfromretinopathy(Klein,Klein,Moss,
Davis,Demets,1984).Thereare limitedearlywarningsignsofdiabetic retinopathy.Specialized
ophthalmologistscandiagnosisthisconditionthroughfundusphotography,ataskthatisbothtime-
consumingandexpensive.OnepopularandinexpensivetreatmentofDRislasersurgery.However,
thenumberofpeopleaffectedbydiabeticretinopathyisstillincreasingsignificantlyeachyearandis
theleadingcauseofblindnessforpeoplebetweentheagesof20and64(Engelgau,2014).Anearly
detectionofDRiscrucialsothatophthalmologistscanprovidelasertreatmenttopatients(Jelinek,
2005).Computer-aidedimageprocessingoffersafastandaccuratealternativetothecomplexand
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slowproceduresofmanualdiabeticretinopathydetection.Italsoprovidesadiagnostictoolformass
screening.

ThefirststageoftheDRiscalledNon-ProliferativeDiabeticRetinopathy,wherethepatient
normallyhasunaffectedvision.Ifthereisreducedvision,thebackoftheeyecanbeexaminedby
fluorescentangiography.Blockedretinalbloodvesselscanbeclearlyseenandthisiscalledretinal
ischemia.Undersuchcondition,thereleaseofproteinsfromtheblockedanddamagedvesselscan
occurandistermedasexudates(Lee,Lee,Wang,Klein,2005).Iftheseexudatesarefoundinthe
macularregionofthefundus,thenitcanbeamajorcauseofblindness(Ghafour,Allan,Foulds,
1983).ThesecondstageisProliferativeDiabeticRetinopathywhereabnormalnewbloodvessels
formatthebackoftheeye.Thesecanburstandbleed,resultinginblurredvision.

Afundusimageisaphotographicviewoftheinteriorsurfaceoftheeye.Anormalfundusimage
oftheeyecontainselementssuchastheopticdisc,maculaandretinalbloodvessels,asseeninFigure
1(Figure1(a)).Thebrightspotwheretheretinalvesselsconvergeiscalledtheopticdisc.Thedark
regiontowardsthetemporalsideoftheopticdiscisthemacula.Sensitivityofhumanvisionatthe
maculaismaximalandthepresenceofabnormalitiesneartheregioncausesadeteriorationofvision.
Theelementsoftheophthalmoscopicviewofdiabeticretinopathyarehemorrhages,macularpigment
anomalies,exudatesandvascularproliferationsasshowninFigure1(b).Thisworkaddressesthe
detectionofexudatesfromretinalfundusimages.Exudatesaredescribedassmall,sharplydemarcated
yellowishwaxypatches.Theseareoftentermedas‘hard’exudatesor‘waxy’exudatesbecauseoftheir
appearance.Severehypertensionretinopathypatientsalsoshowsignsofanotherkindofexudates,
thesocalled‘cottonwool’exudatesorsoftexudates.Suchexudatescanbefoundindiabeticpatients,
buttheyaremostcommonlyfoundincaseswherearterialhypertensionhascomplicateddiabetes
mellitus(Esmann,Lundbaek&Madsen,2009).

Past research indicates that exudates detection can be broadly divided into four categories:
intensity-basedthresholdingtechniques,morphologicalimageprocessingtechniques,classification
techniquesandregion-growingtechniques.Thresholdingbasedtechniquesfocusontheanalysisof
greylevels;however,thedifficultyliesinchoosingathresholdthatadaptsforeveryimagesince
theilluminationvariesfromimagetoimage.Sanchezetal(Sanchez,Garcia,Mayo,Lopez,Horneo,
2009)proposedanalgorithmthatdynamicallythresholdimagestoseparatetheexudatesfromthe
backgroundusingmixturemodels.Grisanetal(Grisan,Ruggeri,2007)proposedanalgorithmbased
onthresholdingandanevaluationofthespatialdensityofpixels.Mathematicalmorphology-based
techniquesusegray-scalemorphologicaloperatorstoremoveunwantedstructuressoastodetect
the exudates effectively. Walter et al (Walter, Klein, Massin, Erginay,2002) used morphological
filteringandreconstructiontechniquestodetectexudates.Similarly,Welferetal(Welfer,Scharcanski,
Marinho,2010)dependonmathematicalmorphologytodetectexudatesincolorimages.Region
growingbasedtechniquesuseilluminationhomogeneityandspatialcontiguitytosegmentretinal
images.Sinthayanayothinetal(Sinthayanayothin,2002)usedarecursiveregiongrowingsegmentation
algorithmtodetectexudates.Similarly,Lietal(Li,Chutatape,2004)proposedanalgorithmwhich
combinesregiongrowingandedgedetectiontoachievethesame.Classificationbasedtechniques

Figure 1. Fundus Image (a) Normal Image and its features (b) Fundus image with Exudates, hemorrhages and retinal vascular 
proliferations
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