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Abstract i- iThe iovarian iultrasound iimaging iis ian ieffective 

itool iin iinfertility itreatment. iMonitoring ithe ifollicles iis 

iespecially iimportant iin ihuman ireproduction. iPeriodic 

imeasurements iof ithe isize iand ishape iof ifollicles iover iseveral 

idays iare ithe iprimary imeans iof ievaluation iby iphysicians. 

iToday imonitoring ithe ifollicles iis idone iby inon-automatic 

imeans iwith ihuman iinteraction. iThis iwork ican ibe ivery 

idemanding iand iinaccurate iand, iin imost iof ithe icases, imeans 

ionly ian iadditional iburden ifor imedical iexperts. iIn ithis ipaper, ia 

inew ialgorithm ifor iautomatic idetection iof ifollicles iin 

iultrasound iimages iof iovaries iis iproposed. iIt ihas itypical iobject 

irecognition ischeme i(preprocessing, isegmentation, ifeature 

iextraction iand iclassification). iThe iproposed ialgorithm iuses 

iedge ibased imethod ifor isegmentation. iThe ipreprocessing 

iemploys igaussian ilow ipass ifilter ior icontourlet itransform ifor 

idespeckling ithe iultrasound iimages iof iovaries. iThe 

iclassification iis ibased ion i4σ iintervals iaround ithe imean 

ifeature i(geometic) ivalues. iThe iexperimentation ihas ibeen 

idone iusing isample iultrasound iimages iof iovaries iand ithe 

iresults iare icompared iwith ithe iinferences idrawn iby imedical 

iexpert. iThe iexperimental iresults idemonstrate ithe iefficiency iof 

ithe imethod. 

Key iWords: iUltrasound iImage, iOvarian ifollicle 

isegmentation, iEdge ibased imethod, iGaussian ilow ipass ifilter, 
iContourlet itransform 

1. INTRODUCTION 
 
The iovarian ifollicles iare ispherical ifluid ifilled istructures. iThe 

ioutcome iof ipregnancy iis idependent iupon ithe iquality iof ithe 

ifemale igamete ioocyte icontained iin ithe idominant ifollicle. 

iDuring ithe ifollicular iphase, ia ismall icohort iof ifollicles ibegins 

ito idevelop. iThe idominant ifollicles iare ithose ithat igrow iand 

ihave ipotential ito iovulate iat ithe iend iof ifollicular iphase. iOne 

imember iof ithis igroup iis iphysiologically iselected ito iovulate 

iand iis ithe ione ithat iexhibit igreatly iincreased ihormonal 

iactivity icausing iits igrowth. iThe iothers, ilacking ihormonal 

isupport, iundergo iartesia. 

A icomplete iunderstanding iof iovarian ifollicle i(i.e., ia isac 

icontaining iova) idynamics iis icrucial iin ithe ifield iof igenetic 

iengineering iand ihuman ireproduction. iFor iwomen 

iundergoing iassisted ireproductive itherapy, ithe iovarian 

iultrasound iimaging ihas ibecome ian ieffective itool iin 

iinfertility imanagement. iPeriodic imeasurements iof ithe 

ifollicles isize iover iseveral idays iare ithe iprimary imeans iof 

ievaluation iby ithe iphysicians. iAccurate ifolliculometry iis 

iessential ifor isafe iand ieffective iinfertility itreatment. iHere, 

ithe imain itask iis ito isuccessfully icharacterize idominant 

ifollicles i(i.e., ithe ifollicles ithat igrow iand ihave ipotential ito 

iovulate iat ithe iend iof ithe ifollicular iphase) ifrom ithe iset iof 

ifollicles iinside ithe iovary. iNot iall idominant ifollicles iovulate 

iand iof ithose ithat ido, inot iall iare iof isufficiently ihigh iquality ito 

iresult iin ipregnancy. iTo icharacterize isuccessful idominant 

ifollicles, ithe ifollicles imust ibe icompared iwith iunsuccessful 

idominant iand isubdominant ifollicles iand itheir iinteractions 

iexamined. iFollicles ican ibe imonitored iin iseveral idifferent 

iways i[3]. iThe ibest iway iof imonitoring iis iby iusing inon-
invasive imethods, ie.g. iultrasonography. 

With iframes iof ithe iovary, igrabbed ion ieither iway iand iwith 

iappropriate icriteria i(right ishape, iantral iedge iquality, isize 

iand iechogenity), ithe ifollicles i(and ialso itheir itype) ican ibe 

iidentified iand irequired ianalysis iaccomplished i[3]. iToday, 

ithe imonitoring iof ithe ifollicles iis idone iin ia inon-automatic 

iway, iwith ihuman iinteraction. iA idoctor inormally iexamine 

iover i30 iwomen ia iday iduring itheir ientire icycle i(measure 

ievery ifollicle iinside ithe iovary iby ihand) iin iorder ito iobtain 

icredible iresults. iThis iwork ican ibe ivery idemanding iand 

iinaccurate. iAn iautomated icomputer ibased imethod iis 

idesirable ibecause iof itedious iand itime iconsuming inature iof 

imanual ifollicle isegmentation. 

The iliterature ion icomputer iassisted iapproaches ito ithe 

ifollicle iimage ianalysis iis iscarce. iPotocnik iand iZazula i[4] 

isegmented ifollicular iultrasound iimages ibased ion ian ioptimal 

ithresholding iapplied ito icoarsely iestimated iovary. iHowever, 
ithis ifully iautomated imethod, iusing ithe iedges ifor iestimation 

iof iovary iboundries iand ithresholding ias ia isegmentation 

imethod, idoesnot igive ioptimal iresults. iIn i[6], ithis imethod 

iwas iupgraded iusing iactive icontours iand iconsequently, ithe 

iquality iof irecognized ifollicles iwas iconsiderably iimproved. 

iEdges iof irecognized iobjects iwere imuch icloser ito ithe ireal 

ifollicle iboundries. iHowever, ithe iquestion ithat iremains 

iunsolved iis ihow ito idetermine ithe isuitable iparameters ifor 

isnakes iautomatically. iCigale iand iZazula i[11] iutilize icellular 

iautomata iand icellular ineural inetworks ifor ithe ifollicle 

isegmentation. iThe iobtained iresults iare ivery ipromising ibut 

ian iobvious idrawback iof ithese itwo imethods iis ithe idifficulty 

iin idetermination iof ithe irequired iparameters ifor ifollicle 

isegmentation. iSarty iet ial i[10] ireported ia isemiautomated 
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imethod ifor ithe iouter ifollicle iwall isegmentation, iwhere ia 

ifrequent imanual itracing iof ithe iinner iborder iof iall ifollicles iis 

idone, iusing iwatershed isegmentation itechnique. iWatershed 

isegmentation iwas iapplied ion ismoothed iimage idata, iwhich 

imerged isome ismall iadjacent ifollicles. iTherefore, ibinary 

imathematical imorphology iwas iapplied ito iseparate isuch 

iareas. 

The iedge ibased isegmentation imethod iwith iGaussian ilow 

ipass ifilter ifor inoise iremoval ihas ibeen iemployed iby 

iHiremath iand iTegnoor i[12] ifor ifollicle idetection. iDue ito 

ispeckle inoise, ifinding ithe iobject iboundaries iis idifficult iand 

ithus ileads ito ipoor isegmentation. iFurther, ia inew iimproved 

ialgorithm iis iproposed iin iwhich ifollicle isegmentation iis 

iachieved iby iusing ia ispeckle ireduction imethod ibased ion ithe 

icontourlet itransform i[14] iin ipreprocessing iphase iand iedge 

ibased imethod ifor isegmentation iphase i[18]. iThe 

iexperimental iresults iof iproposed imethod iare icompared 

iwith ithe imanual iresults iby imedical iexpert. 

The ipaper iis iorganized ias ifollows. iIn ithe isection i2, ithe 

iproposed imethod ifor iautomated idetection iof ifollicles iin 

iultrasound iimages iof iovaries iis idescribed. iIn ithe isection i3, 

ithe iexperimental iresults iare ipresented. iThe isection i4 

iconcludes ithe ipaper. 
 

2. iPROPOSED iMETHOD 
 
The iblock idiagram iof iproposed ialgorithm ifor iautomatic 

idetection iof ithe ifollicles iin ian iultrasound iimage iof iovary iis 

ishown iin iFig.1. iIn ia itypical iultrasound iimage iof iovary, ithere 

ican ibe ifound ithe iovary iwith ithe ifollicles iin iit, iendometrium, 
iblood ivessels iand iadded inoise idue ito iultrasound idevice. 

iOur iaim iis ito ilocate ithe ifollicles iin ithis ioriginal iimage iwith 

isuch ia iprocedure ithat iwill istep iby istep ireduce ithe idata ito 

ibe iprocessed. iA isample iultrasound iimage iof iovary iis ishown 

iin ithe iFig.2. iOvarian ifollicles iare ispherical ifluid- ifilled 

istructures i[7]. iThey igrow ifrom i8 ito i10 on ian iaverage. iOnly 

ithe idominant ifollicle ican ireach ias imuch ias i17 ito i25 imm iin 

idiameter i[5, i10]. iThe ismall ifollicles iof i2 ito i3 imm ican ialso ibe 

iperceived iin ithe iultrasound iimages iof iovaries. iIn ithe imiddle 

iof ithe iovary, iother istructures ican ialso ibe ifound, isuch ias 

iblood ivessels, ilymphatic iglands i[5]. iUltrasound iovary 

iimages ishow iplanar isections ithrough ithe ifollicles. iThese 

iimages iare icharacterized iby ispecular ireflections iand iedge 

iinformation, iwhich iis iweak iand idiscontinuous. iTherefore, 

itraditional iedge idetection itechniques i(e.g. iSobel, iPrewitt) 

iare isusceptible ito ispurious iresponses iwhen iapplied ito 

iultrasound iimagery i[1]. iThe imain ireason, ithat ithe ifollicle 

isegmentation iusing isolely iedge iinformation iis irather 

iunsuccessful, iis ia ihigh ilevel iof iadded ispeckle inoise. iThe 

ifollicles ibeing ifluid- ifilled isacs iappear ias dark ioval iregions 

ibecause ithey idisplay isimilar ifluid iechotextures, iwhich iare 

imore ior iless idarker ithan itheir ineighborhood. iThe ifollicles 

icould itherefore ibe itreated ias ihomogeneous idark iregions. 

 

Fig.1 iBlock idiagram iof ithe iproposed ialgorithm. 

 

Fig.2 iUltrasound iimage iof iovary iwith ifollicles 

2.1. iPreprocessing iPhase 

The ifirst istep iis idenoising ithe iimage, isince iultrasound 

iimages iare iinvariably inoisy idue ito ithe imode iof ithe iimage 

iacquisition iitself. i(eg. ihead iof ithe iultrasound idevice iis inot 

imoist ienough). iEspecially, ia idisturbing itype iof inoise iis ithe 

ispekle inoise. iWe iuse 

(i) Gaussian ilow ipass ifilter, ior i(ii) iContourlet itransform, ifor 

idenoising ithe imedical iultrasound iimages. iThen ihistogram 

iequalization iis iapplied ito ithe ifiltered iimage. 

 
2.2. iSegmentation iStage 

The iimage iafter ihistogram iequalization iwill ibe ithe iinput 

iimage ifor isegmentation iprocess. iIn ithe isegmentation istage, 

iwe iapply icanny ioperator ito ithe ihistogram iequalized iimage, 

ifor iedge idetection. iIn ithis iphase, iwe ihave iexperimented 

iwith ithe iother iedge idetecting ioperators isuch ias, isobel iand 

iprewitt, ibut icanny ioperator ihas iyielded imost isatisfying 

iresults iamong iall ithe ioperators. iThe iresulting iedges iare 

ibroken idue ito ithe inoise. iSo ithese ibroken iedges iare ifilled iby 

iusing imorphological idilation iwith iappropriate istructuring 

ielement, iwhich iyields ithe isegmented iimage, ithat icontains 

isegmented iregions iin iit. iAny ispurious iregions idue ito inoise 

iare ieliminated iby imorphological ierosion. iThe iregions iin 

isegmented iimage ihaving ismaller iarea ithan ithe ithreshold iT 
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iare iremoved. iThe iregions iare ilabeled i(identified) iand 

ipossible iholes iinside ithem iare ifilled. iAny iregion itouching 

ithe iborders iare iremoved. 

2.3. iFeature iExtraction 

The iovarian ifollicles iare ioval ishaped icompact istructures, 

iwhich iresemble ithe iellipse iand iare, ithus, icharacterized iby 

ithe igeometric ifeatures, inamely, imajoraxislength, 

iminoraxislength, iratio iof imajoraxislength ito 

iminoraxislength. iThe iratio iof imajoraxislength ito 

iminoraxislength iof ithe ifollicle iis ia iuseful iregion idescriptor 

ifor ithe ifollicle iregions. iTherefore, ifor iclassification, iwe iuse 

igeometrical ifeature, inamely, ithe iratio iR iof imajor iaxis ilength 

ito iminor iaxis ilength iof ithe ifollicle iregions. 

2.4. iClassification istage 

2.4.1. Training iPhase 

During itraining iphase, iwe icompute ithe igeometrical ifeature, 
inamely, ithe iratio iR iof imajoraxislength ito iminoraxislength 

ifor iregions iknown ito ibe ifollicles iin ithe itraining iimages iin 

iconsultation iwith ithe imedical iexpert. iThen, iwe icompute ithe 

sample imean i  iand istandard ideviation iσR iof ithe iratio iR, 
iwhich iforms ithe iknowledge ibase iof ithe ifollicles. iIt iis 

iexperimentally ifound ithat i =1.8427 iand iσR i= i0.5971. iIt iis 

iused ifor iformulating ithe iclassification irule ifor ifollicle 

idetection iin iultrasound iimages iof iovaries ias ifollowing: 

 

A iregion iwith iratio iR, iis iclassified ias ia ifollicle, iif ithe ifollowing 

icondition iis isatisfied: i 

-ασR < R< i ασR 

 

The iconstant iα iis iempirically idetermined. iIn iour iexperiments, iit 

iis iα=4. 

2.4.2 Testing iPhase 

During ithe itesting iphase, iwe icompute ithe iratio iR ifor ia iregion iof 

ithe isegmented iimage iand iapply ithe i4σ iinterval ibased 

iclassification irule ito idetermine iwhether iit iis ia ifollicle ior inot. 

3. iEXPERIMENTAL iRESULTS 
 
 iThe iexperimentation iis idone iusing ithe i50 isample 

iultrasound iimages iof iovaries i(Fig.4), iout iof iwhich i25 iimages 

iare iused ifor itraining iphase iand iother i25 iimages iare iused 

ifor itesting iphase. iThe iproposed imethod ihas ibeen 

iimplemented ion ithe iIntel iDual icore isystem iwith i2GB iRAM 

iand i2.77 iGHz iwith iMatlab i7.9. iThe iexperimental iresults 

icorresponding ito iboth ithe imethods, inamely i, 

(i) Method i1- iThe iproposed ialgorithm iwith ithe 

ipreprocessing ibased ion igaussian ilow ipass ifilter, iand i(ii) 

iMethod i2 i– iThe iproposed ialgorithm iwith ithe ipreprocessing 

ibased ion icontourlet itransform, ihave ibeen ianalyzed. 
 
The iFig.3 idepicts ithe iexperimental iresults ifor ithe iproposed 

iMethod i1. iThe iFig.3(a) ishows ian ioriginal iultrasound iimage 

iof ithe iovary. iInitially, ithe iimage iis iprocessed iwith iGaussian 

ilow ipass ifilter iyielding idespeckled iimage. iThe isize iof ithe 

ineighbourhood iregion iis i7x7 ipixels iwith iempirical isigma 

ivalue i1.6 i(Fig.3(b)). iWe iapply ihistogram iequalization ito ithe 

idespeckled iimage. iThen icanny ioperator iis iapplied ito idetect 

ithe iedges ifrom ithe ihistogram iequalized iimage i(Fig.3(c)). 

iMorphological idilation iis iperformed iby iusing ithe idisk 

ishaped istructuring ielement iwith iradius i1 ito ifill ithe iweak 

iedges i(Fig.3(d)), iwhich iyields ithe iboundary iof iinterested 

iregions. iIn ithe inext istep, ifilling ithe iregion iinside ithe iobject’s 

iboundary iis iapplied i(Fig.3(e)). iStill ithere iare imany ispurious 

iregions ipresent idue ito inoise, iand ithese iare ieliminated iby 

iusing imorphological ierosion i(Fig.3(f)). iThe iFig.3(g) idepicts 

ithe irecognized ifollicles i(outlined iin iwhite) isuperimposed ion 

ithe ioriginal iimage iand iFig.3(h) ishows ithe ifollicles 

iannotated imanually iby ithe idoctor. iThe iFig.4 idepicts ithe 

iexperimental iresults ifor ithe iproposed iMethod i2. iIn ithe 

iFig.4(a), ithe isame ioriginal iultrasound iimage iof ithe iovary ias 

iin ithe iFig.3(a) iis iconsidered. iInitially, ithe iimage iis 

iprocessed iwith icontourlet itransform imethod iyielding 

idespeckled iimage i(Fig.4(b)), iwhich iis ithen isubjected ito ithe 

isame isequence iof iprocessing isteps ias iin ithe iMethod i1, 

iyielding ifinally ithe ifollicle idetected iimage i(Fig.4(g)). iThe 

iFig.4(h) ishows ithe ifollicles iannotated imanually iby ithe 

imedical iexpert. iThere iis igood iagreement ibetween ithe 

isegmented iimage iand ithe imanual isegmentation idone iby ithe 

imedical iexpert, iwhich idemonstrates ithe iefficiency iof ithe 

iproposed ialgorithm. 

The iFig. i(5) idepicts icomparison iof ithe iresultant iimages 

iobtained iby ithe iproposed iMethod i1 iand iMethod i2 iwith ithe 

imanual isegmentation iby ithe imedical iexpert. iWe iobserve 

ithat ithe ifollicles, iwhich iwere inot isegmented iby iGaussian 

ilow ipass ifilter iMethod i1 i(Fig.5(b)), iare isegmented iby ithe 

icontourlet itransform ibased iMethod i2 i(Fig.5(c)). iHence, ithe 

isegmentation iaccuracy iis iimproved iin ithe iproposed imethod 

idue ito ithe icontourlet itransform ibased ipreprocessing. iThe 

iTable i1 ipresents ithe icomparison iof iexperimental iresults iof 

iMethod i1 iand iMethod i2 ifor ithe ioriginal iimages iin iFig.6. iWe 

iobserve ithat ithe iMethod i1 ileads ito imore ifalse iacceptance 

irate i(FAR) iand ifalse irejection irate i(FRR). 
 
Further, ithe iMethod i2 iis ifound ito iyield imore iaccurate 

iresults. iThe iFigs.6 iand i7 ishow isample iresults iof ithe iMethod 

i1 iand ithe iMethod i2, irespectively. 
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Fig.3 ia) iInput ioriginal iultrasound iimage iof iovary, ib) iImage 

iafter iapplying iGuassian ilow ipass ifilter i(despeckling), ic) 

iHistogram iequalised iimage iafter iapplying icanny ioperator, 

id) iImage iafter iedge ifilling iby idilation, ie) iImage iafter iregion 

ifilling, if) iFinal ioutput iimage iafter iapplying ierosion, ig) iImage 

ishowing irecognized ifollicles i(outlined iin iwhite) isuper 

iimposed ion ithe ioriginal iimage, ih) iManual isegmentation iof 

ifollicles iby ithe imedical iexpert. 

 

Fig.4 ia) iInput ioriginal iultrasound iimage iof iovary 

i(Fig.4(a)), ib) 

Image iafter iapplying icontourlet itransform imethod 

i(despeckling),c) iHistogram iequalized iimage iafter iapplying 

icanny ioperator, id) iImage iafter iedge ifilling iby idilation, ie) 

iImage iafter iregion ifilling, if) iFinal ioutput iimage iafter 

iapplying ierosion, ig) iImage ishowing irecognized 

ifollicles(outlined iin iwhite) isuper iimposed ion ithe ioriginal 

iimage, ih) iManual isegmentation iof ifollicles iby ithe imedical 

iexpert. 

 

Fig.5 iComparison iof iresultant iimages iof ithe iproposed 

imethods i1 iand i2 ifor itwo idifferent ioriginal iimages. i(a) iand 

i(e) ioriginal iimage, i(b)-(f) iresultant iimages iof iMethod i1, 

i(c)-(g) iresultant iimages iof iMethod i2, i(d) iand i(h) iare 

imanually isegmented iimages. 

Table i1. iComparison iof iexperimental iresults iof iMethod 

i1 iand iMethod i2 ifor ioriginal iimages iin iFig.5. 

 



 i i i i i i i i i iInternational iResearch iJournal iof iEngineering iand iTechnology i(IRJET) i i i i i i ie-ISSN: i2395-0056 

 i i i i i i i i i iVolume: i07 iIssue: i04 i| iApr i2020 i i i i i i i i i i i i i i i i i iwww.irjet.net i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i   p-ISSN: i2395-0072 

 

© i2020, iIRJET i i i i i i i| i i i i i i iImpact iFactor ivalue: i7.34 i i i i i i i| i i i i i i iISO i9001:2008 iCertified iJournal i i i i i i i| i i i i iPage i2471 

 

Fig.6 iSome itypical iresults: ia) iOriginal iimages, ib) 

iSegmentation iby iproposed iMethod i1, ic) iClassified 

iimage, id) iManual isegmentation iby imedical iexpert. 

 

Fig.7 iSome itypical iresults: ia) iOriginal iimages, ib) 

iSegmentation iby iproposed iMethod i2, ic) iClassified 

iimage, id) iManual isegmentation iby imedical iexpert. 

The iTable i2 ishows ithe icomparison iof iclassification iresults 

iof ithe iproposed ialgorithms, inamely, iMethod i1 iand iMethod 

i2, iwith ithe imanual isegmentation idone iby ithe iexpert. iThe 

iclassification irate ifor ithe iMethod i1 iis i62.3%. iHowever, ithe 

ifalse iacceptance irate i(FAR) iis i22.5% iand ifalse irejection 

irate i(FRR) iis i37.6%. iThe iclassification irate ifor ithe iMethod 

i2 iis i75.2% iwith ithe ifalse iacceptance irate i(FAR) i22.5% iand 

ifalse irejection irate i(FRR) i24.1%. iThere iis igood iagreement 

ibetween ithe iresults iof ithe iproposed imethod iand ithe 

imanual ifollicle idetection idone iby ithe imedical iexpert, 

iwhich idemonstrates ithe iefficacy iof ithe iproposed imethod. 

Table i2. iComparison iof isegmentation iresults iof ithe 

iproposed ialgorithm iwith ithe imanual isegmentation idone 

iby ithe imedical iexpert 

 

* Type iI iError: iRegions iare inot ifollicles ibut ithey iare 

irecognized i ias ifollicles i(FAR).  

** Type iII iError: iRegions iare ifollicles ibut ithey iare 

inot irecognized ias ifollicles i(FRR). 
 
4. CONCLUSION 

In ithis ipaper, iwe ihave iproposed ia inew ialgorithm ifor ifollicle 

idetection iin iultrasound iimages iof iovaries. iThe iproposed 

ialgorithm iemploys, iGaussian ilow ipass ifilter ior iContourlet 

itransform ifor inoise ireduction, iedge ibased isegmentation iand 

imorphological ioperations. iThe iclassification iof isegmented 

iregions ifor ifollicle idetection iis ibased ion ithe imedical 

iknowledge iabout ithe igeometric iparameter, inamely, ithe 

iratio iR iof imajoraxislength ito iminoraxislength iof ifollicles. 

iThe iexperimentation ihas ibeen idone ion i50 isample iimages 

iand ithe iresults iare icompared iwith ithe imanual ifollicle 

idetection iby imedical iexperts. iThe iexperimental iresults 

idemonstrate iefficacy iof ithe imethod. iThe iContourlet 

itransform ibased iMethod i2 iyields igood iresults idue ito 

iimproved isegmentation ias icompared ito ithe iGaussian ilow 

ipass ifilter ibased iMethod i1. 

The iclassification irule iis ibased ion ionly ione igeometric 

iparameter iR. iAdditional iparametric ifeatures iof ifollicles 

ineed ito ibe iconsidered ifor iminimizing iclassification ierrors. 

iThe iproposed imethod iserves ias ia ibasis ifor ithe iautomatic 

idetection iof ithe ifollicles iinside ithe iovary iduring ientire 

ifemale icycle. iIt iwill isignificantly ireduce ithe iburden iof ithe 

iexperts iin itheir ieveryday iroutines. 
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