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ABSTRACT

Computer-assistedsemenanalysissystemsinsistonevaluatingspermcharacteristics.Thesesystems
affordcapacity tostudyandevaluatespermstatisticalandmorphologicalcharacteristics suchas
concentration,morphology,andmotility,whichhaveanimportantroleindiagnosisandtreatment
ofmaleinfertility.Inthispaper,theproposedalgorithmallowstheassessmentofconcentrationand
motilityrateofspermsinmicroscopicvideos.First,enhancementprocessisrequiredbecauseof
microscopicimageslimitationssuchaslowcontrastandnoises.Then,fortruespermrecognition
amongnoiseanddebris,ahybridapproachisproposedusingacombinationbetweensegmentation
techniques.After, theuseofgeometricfeaturesoftheboundingellipseofthespermheadledto
definespermconcentration.Finally,inter-framedifferenceisappliedformotilespermdetection.The
proposedmethodwastestedonmicroscopicvideosofhumansemen;theperformanceofthismethod
isanalyzedintermsofspeed,accuracy,andcomplexity.Obtainedresultsduringtheexperiments
areverypromisingcomparedwiththoseobtainedbythetraditionalassessment,whichisthemost
widelyusedandapprovedinthelaboratories.
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INTRodUCTIoN

Fordiagnosingmaleinfertility,aspermassessmentisnecessaryasaninitialandessentialstep.Among
themost importantparameters,wecancitespermconcentration(ordensity), spermmotility (or
vitality),andspermmorphology(Nallella,etal.,2006).AccordingtotheWorldHealthOrganization
(WHO),15%ofcouplesintheworldsufferfrominfertility.Malesarefoundtobesolelyresponsiblefor
20-30%ofinfertilitycasesandcontributeto50%ofcasesoverall.Theevaluationofspermparameters
infertilityclinicsandlaboratoriesisanalyzedmanuallybyandrologisttechnicians.Visualproblems
andfatigueofthehumanoperatornegativelyaffecttheresultsandmakethemsubjective,leadingto
considerableintraandinterlaboratoryvariability.

Sincethe1980s,theseanalyzeshavebeenperformedusingautomaticsystemscalled“Computer
AssistedSemenAnalysis”(CASA)(Amann,R.P.,etal.,2014).Theprocessingmicroscopicimages
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inacomputercanbeusefultoextractquantitativeinformationaboutthespecimen.Thepoorquality
ofspermmicroscopicvideosandthecollisionsofspermatozoidsonthe“blade+lamella”walls
makeCASAsystemssufferfromcertainlimitationsanduptoday,evaluationofspermparameters
arenotyetrepeatableandobjective.Forthatthemicroscopicimagesusedareprocessedbyusing
digital imageprocessing techniquesasenhancement techniques, segmentation techniques,object
measurement,objectclassification,…etc.

TheimprovementofspermanalysisbyCASAsystemsiscurrentlyahottopicresearch.Several
studieshavebeencarriedoutfortheautomatedspermdetection(Syahputraetal.,2018).In2010,
authorsin(Abbiramyetal.,2010)proposedatechniqueforspermmotilitydetectionwhichisbased
onLaplacianfilterandMedianfilteraspreprocessingstep.Then,theysegmentedtheimagesusing
simplethresholdingandmorphologicaloperationwithlabelingprocess.Thedifferentialmethodis
appliedforreducingcomplexityandfastertrackingofspermatozoids.Oneyearafter,Mahdaviet
al.(Mahdavietal.,2011)havethoughttobenefitfromtheellipticalshapeofthespermatozoidhead
tosearchontheimagethatblobshavingthisform.Simplethresholdinghasbeendonetocreatea
binaryimagefromthedenoisedimage.Thethresholdvalueischosenafterseveralexperimentaltests.
Theeliminationofbadlyclassifiedpixelsisperformedbymorphologicaloperators.Toreinforcethe
detectionoftruespermatozoa,theauthorsusedthegeometriccharacteristicsoflabeledobjectsasthe
ratiobetweenthemajoraxisandtheminoraxisoftheellipsetoeliminatefalsesperm.

In2017,authorsin(Urbanoetal.,2017),inordertodetectaspermatozoidinanimage,have
appliedaGaussianfilterforsmoothingthenoisyimagethenusedLaplacienofGaussianfilter(LoG)
fordetectingcontours.ThebinarysegmentedimagewasobtainedbyusingOtsu’sthresholdingmethod
(Otsu,1979)followedbymanymorphologicaloperations.Attheend,eachobjectislabeledsothey
canseparatespermfromnon-spermwithcalculatingthecentroidcoordinatesandspermdimensions.
Bytheyear2018,theauthorsin(Khalifaetal.,2018)proposedasystemforcountingandtracking
spermsinvideos.First,theyhaveusedimagesinHSVdomain.Thenthresholdingprocessisapplied.
Afterthenextstepsinsisttogroupingpixelsandthenacceptandrejectpixelgroupsaccordingto
apixelgroupvaluetoremovenoiseandanunwantedgroupofpixels.Afterthat,itcalculatedthe
centerofthepixelgroupsandcountsallpixelgroupswhichindicatedthenumberofsperm.Drawing
arectanglearoundthepixelgroupsisdoneinfinalstepfortrackingpurposes.

These works based on thresholding techniques for image segmentation which are efficient
approachestospermcellsimagebutwithhighlysensitiveperformancetothresholdvalues.Inother
words,slighterrorsinselectingtheoptimalthresholdmayleadtoeithersignificantlackofsperms
orincreasedfalsedetections.

In2011,authorsin(Ravanfaretal.,2011)appliedMedianFilterandWatershedSegmentation
technique todetectspermin lowcontrast image.Theparticlefilter is thenused toobtainobject
tracking.Watershed segmentation is oneof regionbased segmentationwhich is sensitive to the
distancebetweenthespermcells,theyarenotsuitableforhighlyconcentratedsamples.Authorsin
(Bijaretal.,2012)usedasimplethresholdtobuildamaskcontainingallcandidatepixelswhichmay
belongtothesperm’sheadandMid-piece.Then,theyusedahybridmethodtocreateadenoised
image.ThenucleusandMid-piecearesegmentedthroughamethodbasedonaBayesianclassifier
whichutilizes theentropybasedexpectation–maximization(EM)algorithmandMarkovrandom
field(MRF)model.Artifactsanddebrisinimagesaffecttheperformanceofsuchmethods,which
willbeasourceoferror.

In2016,authorsin(Shakeretal.,2016)proposedanewtechniqueforspermatozoaheadandtail
detection.Forheaddetection,theyusedacombinationbetweenCannyEdgeDetectorandGradient
VectorFlow(GVF)activecontourandforthetail;theyusedcurvatureandedgeenergy.However,
extractingcorrectcontoursrequiresextensivecomputation.Thisrenderscontour-basedalgorithms
veryslowandunsuitableforpragmaticsituations.ForRezaArkanfari,(Arkanfarietal.,2018)anew
methodwasintroducedfordetectingspermsinmicroscopyimages,itbasedontheestimationof
Zernikemomentsfollowedbyspatialprocessingproposedby(Shojaedinietal.,2017).Theproposed
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method includes two steps. In the first step, Zernikemoments are estimated to select candidate
pixelsbelongingtospermcells.Inthesecondstep,thecorrectspermsareconfirmedbyusingthe
connectivityconceptandmorphologicaloperations.Theproposedmethodhasaproblemtodefine
thespermfromdebriswhentheyhavethesimilarshapeandsize.

Allthepreviouslydiscussedtechniqueshavebeenconfrontedwithseveralproblemsthat
canbesummarizedintheconfusionbetweenarealspermatozoonanddebriswithsimilarsize
whichwilldistorttheresults;Pooradaptabilityofthetechniqueaccordingtothequalityofthe
spermsampleslighting.

Inordertoimprovetheresultsachievedbyeachofthesetechniques,theworkpresentedinthis
paperproposesanewalgorithmforbothdetection,countingandmotilityassessmentofspermcells,to
achievehigheraccuracyandmorerobustperformanceinlaboratorialspermcellsvideostreamswith
differentparticledensities.First,itfocusesontheprocessofsegmentation,wherewehaveintroduced
anewmethodbasedonthecombinationofwatershedsegmentationandsobelfilter.Thisdetectand
identifyspermcellsformsdebrisandimprovestheshapesofitintheimages.Forthemotility,we
haveusedthethreeframedifferencingalgorithm;thisalgorithmmaydetectmobilespermwitha
simplecalculationandavoidtheproblemofthespermtailsmovementwhichcauseadifficultiesin
theidentificationofthemobileones.

Theremainingpartofthispaperisorganizedasfollows:insection2;thefunctionalarchitecture
oftheproposedsystemisdeveloped.Section3presentstheexperimentalresultsandtheirdiscussions.
Finally,insection4,weconcludethestudyandthenproposefutureimprovements.

FUNCTIoNAL ARCHITECTURE oF THE PRoPoSEd SySTEM

Thespermmotilityandconcentrationassessmentinthisresearchconsistsofseveralstepsthatbegin
withthepreprocessingstepwhichstartbyanYCbCrprocessonthehumanspermmicroscopeimageto
obtainGraylevelofimage(YChannel).Furthermore,Gaussianprocessisdonetosmooththeimages.
Noisesreductionintheimagesisdoneby2-DDiscreteWaveletTransform.Thepreprocessingprocess
isfollowedbythecrucialandimportantprocesswhichissegmentationprocess;itaimstoseparate
spermatozoasfromotherimpurities(debris,seminalfluid,noise).Itproceedsbythereinforcement
oftwosegmentationtechniques:thefirstisregion-basedcalled“WatershedSegmentation”andthe
otheriscontour-basedcalled“SobelEdgeDetector”.Asaresultofthisprocess,weobtainabinary
imagecontainingwhiteblobsofdifferentsizes.Inordertokeeponlythespermatozoas,athresholding
ontheblobsurfaceisperformed.Thelabelingprocessisdoneforthenumberingandcountingthe
objectspresentineachspermmicroscopeimage,theboundingboxprocessisdonetorecognizethe
objectineachimageofthespermmicroscope,andtheclassificationusingtheellipticalshapeand
thesizevalueobtainedbyanexpert.Theresultobtainedattheoutputofthismoduleisthetotal
numberofspermatozoawhichmeanstheconcentration.Thelastprocessinourproposedtechnique
insists toseparatemotilespermatozoasfromimmotileonesbythedifferenceof threesuccessive
framesmethod.Aftercompletingall steps,witha simple labelingandcountingofblobs, sperm
concentrationandmotilityvaluesareassessed.Themethodologyofthisresearchcanbeseeninthe
generalarchitectureatFigure1.

Pre-Processing Module
Sperm microscopic videos at the input of the analysis process are affected by a random noise
resultingfromtheacquisitionprocess.Addedtothis,thelightingusedisnon-uniformandmayvary
fromonesequencetoanother.Toremedytheseflaws,wehavebeenpartiallyinspiredbythework
in(Ghasemian,F.etal.,2015).ThefirststepistoconverttheRGBcolorspace,inwhichtheraw
videoisencoded,totheYCbCrspace,whichisknowntobeveryrobustagainstlightingchanges.
Thesecondstepconcernsa2DGaussianfiltering,andthethirdstepconsistsoffilteringinthetime-
frequencydomainbydiscretewavelets:
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Converting RGB Space to YCbCr Space
SpermmicroscopicvideosarecodedintheRGBspace,clockedat25framespersecondandhaving
a resolution of 240 × 320 pixels. To separate the luminance component from the chrominance
component,weconvertedRGBspacetoYCbCrbyusingEquation(1):
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From theYCbCrcolor imageobtained,we selected theYcomponent alonewhich strongly
looks-likethecorrespondinggray-levelimage.

Smoothing with 2D Gaussian Filter
Toreducethenoise,weapplieda2DGaussianfiltergivenbyEquation(2):
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whereσisthestandarddeviationoftheGaussiandistributionand(x,y)arepixelcoordinatesinthe
2Dimage.Aftermanyexperiencethehighestsmoothingrateismarkedwithσ=0.9andkernel3×3.

Figure 1. Functional architecture of the proposed system
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Filtering with Discrete Wavelet Transform
Waveletshaverecentlybeenconsideredasaverypowerfultoolforthedenoisingofmedicalimages
becausetheyfaceaproblemofnoisecomponentslocatedinhighfrequencies.Thediscretewavelet
mapsanimageintoasetofcoefficients thatconstitutesamulti-scalerepresentation(Grover,T.,
2016),(Mustafa,N. et al., 2014).aftermanyexperience, in theuseofdiscretewavelet “Coifflet”
limitedat04levelsofdecomposition(4octaves)wecouldhaveremovednoisewithanacceptablerate.

Sperm Segmentation Module
Atthismoduleinput,theimagesaredenoisedandmorecontrasted.Theycontainspermatozoas(region
ofinterest–ROI)butinaddition,theyincludeotherimpurities(Background-BKG).

ThesegmentationprocessintendstomakeseparationbetweentheROIandtheBKG.Toachieve
thisgoal,theadoptedtechniqueproceedsbystrengtheningtwosegmentationtechniques(seeFigure
2):Thefirstisregion-basedcalled“watershedsegmentation”andtheotherisboundary-basedcalled
“Sobeledgedetector“.The imageat theentranceof thismodulewill thereforego through two
competingtreatmentsasfollows:

• Medianfiltering(3x3)tosuppressimpulsenoisefollowedbyaSobeledgedetector(Gao,2010).
Asaresult,wegetacontoursimage.

• Watershedsegmentationtoobtainuniformregions.Fromtheseblobs,weextractthecentroids.

At thedownstreamof these two treatments,wemake theprojectionof thecentroidofeach
blobonitscontoursothatfinallyweobtaintheROIwithitscontoursinwhitecolorandtheBKG
inblackcolor.

Theimageobtainedattheendofthisphase,showsthepresenceofobjectswithsimilarsizeas
spermatozoid,andothershavingsizeshigherorlower.Athresholdingbyblobssizeallowskeeping
onlyblobsofsizeclosetothatofaspermatozoid.

SPERM RECogNITIoN ANd CoNCENTRATIoN ESTIMATIoN ModULE

Thesecondmoduleoutputimageisbinaryandincludesblobshavingsimilarsizestospermatozoa’s
butwithvariousshapes.Toleaveonlyrealspermatozoas,thismodulehasforroletoidentifythemand
eliminatetheotherobjects.Theadoptedsolutionliesintheexploitationoftheellipticalformofthe
spermatozoid‘sheadaswellasitssurface.Todothis,wecalculateforeachblobthecharacteristics

Figure 2. Sperm segmentation organigram
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oftheboundingellipseanditssurface(seeFigure3).Thenwetakeasdiscriminatingcharacteristics
vectorvaluesof:

• Themajoraxis‘a’oftheellipse(inpixels):
• Theminoraxis‘b’oftheellipse(inpixels);
• Thesurface‘S’oftheblob(inpixels);

Aspreliminaryworkoftheclassificationstep,wemanuallyanalyzed,withthehelpofandrologist
technicians, severalvideo sequencesofourdatabase andmanuallymeasured the limitsof the3
characteristicsforspermatozoas.Theexperimentalvaluesfoundare:

•Themajoraxislimitsvalue:a pixels∈ 

4 20 16 90. , . 

•Theminoraxislimitsvalue:b pixels< 7 74. ;

•Thearealimitsvalue:S pixels∈ 

55 200, ;

Algorithm_1: Sperm Concentration Algorithm 



Afterthat,weappliedonthischaracteristicvectorthetreatmentcitedin‘Algorithm_1’.At
theendofthismodule,wepasstheoutputimageinalabelingandcountingprocesstogetthe
concentrationvalue.

Figure 3. Ellipse geometry
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MoTILE SPERM dETECTIoN ModULE 

Theresultofthepreviousstepisabinaryimageinwhichtheobjectsofinterest(spermatozoas)are
inwhitecolor(1)andthebackgroundinblackcolor(0).Inordertodetectonlymotilespermatozoa,
weapplytheinter-framedifferencestechniquebetween3successivebinaryimages“Ik-1,Ikand
Ik+1”forthewholeofthevideosequence.Theprincipleofthismotionsegmentationmethodisas
follows(Gang,L.etal.,2013)(seeFigure4):

Calculate the two differential images between the 3 successive frames dk and dk+1 using
Equations(3)and(4):

d I I
k k k
= − −1  (3)

d I I
k k k+ += −
1 1

 (4)

ObtainabinarysegmentationimageofthemotionMtkbycomputingthelogicaloperator‘AND’
betweenthetwopreviousdifferentialimagesdkanddk+1asinEquation(5):

Mt d AND d
k k k
= ( ) ( )+� � ��

1
 (5)

ThemotilityrateisobtainedbylabelingandcountingallwhiteblobsinthemotionimageMtk.

RESULTS ANd dISCUSSIoN

Fortheexperimentalevaluation,wehaveatourdisposalapublicdatabasewithamicroscopicvideos
ofspermsamplesprovidedtousbytheFertilityandInfertilityCenterofIsfahanFICI-Iran(Imani,
Y.etal.,2014).Thespermsamplesbelongto30patients,andarefilmedbyaphase-contrastelectron
microscopewitha“×120”magnification(zoom),aresolutionof‘240x320’pixelsandclockedat
25frames/sec.ItshouldbenotedthatallWHOdirectivesandinstructionshavebeenrespectedfor
capturingthesevideos(Cooperetal.2010).Thesoftwareimplementationwasmadeonacomputer
equippedwithaCorei5-2.4GHzprocessorand8GBofmemory.Theusedsoftwareimplementation
isMATLAB-2016bwithitstoolbox“ImageProcessingToolbox-IPT”.Forafirstevaluationofour

Figure 4. Motile sperm detection using three frames differencing technique
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system,werandomlyselectedaseriesof8videosequencesofspermatozoabelongingtodifferent
patientsshowingthe4typesofmotilityasdefinedbyWHOandwithdifferentdensitiessemen.The
selectedvideoswerefirstprocessedmanuallybyathreeexpertstoobtainagroundtruthtocompare
theproposedmethodwithothersimplementedmethods.Inwhatfollows,wepresenttheexperimental
resultsobtainedforeachofthe4modules:

Pre-Processing Module
Asdescribedinsection2.1,preprocessingofrawimagesconsistsofconvertingthecolorspaceand
reducingnoises.TheexperimentalresultsareshowninFigure5:toprowistheoriginalvideoframe
ofthemotilesperm,thenextrowistheconversiontoYCbCrcolorspace.Thenweselectedonlythe
Ycomponentforfurther.

Figure 5. (a, a’, a”) Raw RGB input images (b, b’, b”) Only ‘Y’ component of the YCbCr image (c, c’, c”) Gaussian filtered image 
(d, d’, d”) Discrete Wavelet filtered image.
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processing.Thenoisereductionisdoneintwosteps:aGaussianfilteringmask(3×3)witha
standarddeviationof‘0.9’isapplied(thethirdrow),thenaDiscreteWaveletFilteringuptothefourth
decadeiscarriedout.Inlastrow,weshowtheresultingdenoisedimagethatcontainsspermatozoids
aswellasotherunwantedobjects(debris).

SPERM SEgMENTATIoN ModULE

Asexplainedinsection2.2,spermsegmentationbeginsbyfilteringtheresultingimageofthe
firstmodule.Indeed,intheexperimentalpart,wewanttoshowthatthebestfiltertoapplyto
thiskindofimagesisthemedianfilter(3x3).Table1compares3kindsofsmoothingfilters:
themedianfilter(3x3),thenearestsymmetricneighborfilter(SNN),andtheaveraging(3x3)
filter.Themetricsusedtochoosebetweenthe3filtersisPeakSignaltoNoiseRatio(PNSR).
FromresultsinTable1,themedianfiltergivesthebestresults(higherPSNR)andthefiltered
imageisshowninFigure7inthefirstrow.

ThenextstepisedgedetectionusingtheSobelEdgeDetector.TheresultisgiveninFigures6.b,
b’,b”.Similarly,regionalsegmentationiscarriedoutbyapplyingWatershedtechnique.Theresultis
showninFigures6.c,c’,c”,andfinally,thebinaryimagecontainingthespermatozoaisobtainedby
mergingthetwosegmentedimages.ThefinalresultisshowninthelastrowintheFigure6.

Then,spermsweredetectedbyapplyingtheproposedmethod(WS-SF),WatershedSegmentation
(WS)andSobelContourDetector(SCO).Finally,theperformanceofeachalgorithmwasdetermined
bycomparingitsresultswithmanualdetectionresults.

Theaforementionedobjectivemeasureswerecomputedbyevaluatingtheimagesresultedfrom
theapplicationofthealgorithmsoneightsampleswithdifferentparticles’densitiesinreferenceto
expertsmarkedspermcellsimages.

TheresultsofWS,SCO,andWS-SFalgorithmsforthesampleimagesarepresentedinTable2.
Basedon the results, the followingpointsarenoteworthy.Forallof sample images (except

sampleNo.1,4and7fromthespecificitypointofviewandsample5fromaccuracyandspecificity)
theproposedalgorithmprovidesthebestresultsforallmetrics.Forthesesamples,thespecificityof
WS-SFisslightlylessthanthatoftheWSandSCO.ThisisduetoitsslightlylowervaluesofFP
(detectedspermcells)andthehighamountofTN(missedspermcells).

Theproperresultsofthissegmentationalgorithmforthe2ndsamplesareconfirmedinTable
2.Foralltheimplementedmethods,theaccuracy,precision,sensitivity,specificityandF-measure
ofthissamplearethehighestonaverage.Forthe6thand7thsampleswithhighparticledensities
WS-SFalgorithm’saccuracy,precision,sensitivityandF-measureareincreasedby9%,28%,8%,and
21%,onaveragerespectively,comparedtothoseoftheWSmethod.

ThenoteworthypointaboutthehighamountofTNcomparedtoFP,isthatfortheevaluation
thesegmentationstepofthisresearchbasedtheresultsofdifferentalgorithmsarecomparedwith
theresultsofthevisualinspectionoftheexpertsasaground-truth,andtheyarenotconsideredall
sperm-shapedobjectsasrealspermcells.

Table 1. PSNR value obtained for the 3 types of filtering

Median Filtering (3x3) SNN Filtering (3x3) Average filtering (3x3)

PNSR 44.9808 44.7013 39.3218
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Sperm Recognition and Concentration Estimation Module
Asexplainedinsection2.3,inFigure7,thetoprowpresentthelabeledblobsboundingellipsedrawn
oneachblobandinsecondrow,theblobsclassificationismade.Theconcentrationvalueisobtained
bylabelingthencountingallblueblobs.

Motile Sperm detection Module
Asexplainedinsection2.4, thelaststepis thedetectionofmotilespermatozoas.Todothis,we
applytheinterframesubtractionalgorithmof3consecutivebinaryimagesasshowninFigure4
andEquations(3),(4)and(5):IntheFigure8,the3images(a),(b)and(c)showthe3successive
framesIk-1,Ik,andIk+1inthesamevideo.Thetwoimages(d)and(e)ofthesamefigureshowthe
differential imagesdkanddk+1.Theresulting image(f) represents themotility image. Itcontains

Figure 6. (a, a’, a”) Median filtered image (b, b’, b”) Contours image by Sobel Detector (c, c’, c”) Segmented image by Watershed 
Algorithm (d, d’, d”) Sperm Region Detection
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motilespermatozoasinwhitecolorandalltherest(backgroundandimmotilespermatozoas)inblack
color.Themotilityrateisobtainedbylabelingandcountingdewhiteblobsinthemotilityimage.

After showing the practical feasibility, we now focus on comparative study and statistical
evaluationofoursystem.Thetrueconcentrationandmotilityvaluesareunknownforallvideosin
theuseddatabase.Moreover,evenifwehaveaCASAsystem,wecannottakeitsresultsasabasisfor
comparison.Forthis,wedemandedthreeexperiencedandrologistexpertstomeasuremanuallythe
twovalues(concentrationandmotility)foreachofthe8videosequencesoftheavailabledatabase.
Thereferencespermcellsareconsideredthosemarkedbythemajorityofexpertsandtheyareutilized
forcomparaisonforcomparisonintheevaluationstagetodetectandcomputetheerrors.

Theobtainedresultsforthemanualanalysisofthethreeexpertsandthoseofoursystemare
presentedintheTable3andFigure9forconcentration,andintheTable4andFigure10formotility.

InTables3and4,weaddedtwocolumnsconcerningthemanualanalysisresultsofthe3
operatorstodefinethestatisticalvaluesofthemeanµandthestandarddeviationσ.Wehave

Table 2. Comparison of the results of different algorithms on sperm cells images

Videos 
No

Samples 
No Algorithm TP TN FP FN Accuracy 

(%)
Presicion 

(%)
Sensitivity 

(%)
F_mesure 

(%)
Specificity 

(%)

01 03

WS 2 15 6 1 70,83 25,00 66,67 36,36 71,43

SCO 1 10 3 2 68,75 25,00 33,33 28,57 76,92

WS-SF 3 9 3 1 75,00 50,00 75,00 60,00 75,00

02 17

WS 13 20 15 4 63,46 46,43 76,47 57,78 57,14

SCO 11 15 7 6 66,67 61,11 64,71 62,86 68,18

WS-SF 16 13 5 1 82,86 76,19 94,12 84,21 72,22

03 05

WS 2 14 9 3 57,14 18,18 40,00 25,00 60,87

SCO 2 10 12 3 44,44 14,29 40,00 21,05 45,45

WS-SF 5 9 5 1 70,00 50,00 83,33 62,50 64,29

04 04

WS 2 15 12 2 54,84 14,29 50,00 22,22 55,56

SCO 1 11 8 3 52,17 11,11 25,00 15,38 57,89

WS-SF 4 5 6 1 56,25 40,00 80,00 53,33 45,45

05 04

WS 3 25 10 1 71,79 23,08 75,00 35,29 71,43

SCO 2 31 7 2 78,57 22,22 50,00 30,77 81,58

WS-SF 3 24 9 1 72,97 25,00 75,00 37,50 72,73

06 15

WS 10 9 10 5 55,88 50,00 66,67 57,14 47,37

SCO 9 2 14 6 35,48 39,13 60,00 47,37 12,50

WS-SF 13 3 3 2 76,19 81,25 86,67 83,87 50,00

07 15

WS 11 7 6 4 64,29 64,71 73,33 68,75 53,85

SCO 10 5 12 5 46,88 45,45 66,67 54,05 29,41

WS-SF 14 6 4 1 80,00 77,78 93,33 84,85 60,00

08 02

WS 1 10 12 1 45,83 7,69 50,00 13,33 45,45

SCO 1 9 7 1 55,56 12,50 50,00 20,00 56,25

WS-SF 2 8 6 0 62,50 25,00 100,00 40,00 57,14

Average

WS 60,51 31,17 62,27 39,49 57,89

SCO 56,07 28,85 48,71 35,01 53,52

WS-SF 71,97 53,15 85,93 63,28 62,10
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Figure 7. (a, a’, a”) Blobs labeling and ellipse drawing (b, b’, b”) After blobs classification (the spermatozoids are in blue color 
and debris in red color

Figure 8. (a), (b) and (c) The 3 successive images Ik-1, Ik, and Ik+1 (d) and (e) The differential images dk and dk+1 (f) The motility image
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roundedthembecausetheyrepresentspermatozoids(wholenumbers).AfterexaminingTable
3andFigure9,wenoticedthattheconcentrationvaluesobtainedwithoursystem(automatic
method)forthe8videosequencesareverypreciseandclosetothoseobtainedmanuallyandare
allintheinterval:μc±σcofthemanuallymeasuredvalue.Wecanconfirmthisgraphically
inFigure9andsee that thecurverepresenting theautomaticconcentrationmeasurements is
envelopedbythe3manualmeasurementscurvesto±σcnear.Also,afterexaminingTable4
andFigure10,wenoticedthatthemotilityvaluesobtainedwithoursystem(automaticmethod)
forthe8videosequencesareverypreciseandclosetothoseobtainedmanuallyandareallinthe
interval:μm±σmofthemanuallymeasuredvalue.WecanconfirmthisgraphicallyinFigure
10andseethatthecurverepresentativeoftheautomaticmotilitymeasurementsisenveloped
bythe3manualmeasurementsto±σmnear.

Wecanthereforeconcludethattheproposedsystemgivesverygoodresultscomparedtothose
obtainedmanually.

Table 3. Obtained values of concentration by the 3 experts (manual method) and the proposed system (automatic method)

Videos

Concentration - Manual method Concentration 
Automatic 

method 
(proposed 

system)

Operator  
1

Operator  
2

Operator  
3

Mean 
Value 

µc

Standard 
Deviation 

σ c

Video#1 02 03 03 3 1 02

Video#2 18 17 16 17 1 17

Video#3 04 05 06 5 1 05

Video#4 04 04 03 4 1 03

Video#5 05 04 04 4 1 03

Video#6 13 17 15 15 2 15

Video#7 13 15 16 15 2 16

Video#8 01 02 02 2 1 03

Figure 9. Graphical representation of the Obtained values of concentration by the 3 experts (manual method) and the proposed 
system (automatic method)
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CoNCLUSIoN

In thispaper, a techniqueof automaticassessmentof spermatozoaconcentrationandmotility is
presented.Itbeginsbythepretreatmentofthehumanspermmicroscopicvideoswhichconsistsofa
conversionoftheRGBcolorspaceintotheYCbCrspace,the“Gaussianfiltering”andthe“discrete
waveletfiltering”.Followedbythesegmentationoftheimageintotwoclasses:spermatozoasand
thebackground(noiseanddebris).Toachievethis,weusedareinforcingtechniqueoftwotypes
of segmentation, one based on “watershed” and the other based on “Sobel Contour detector”.
Furthermore,Itusesamachinelearningtechniquethatconsiston2classesclassificationbasedon
invariantcharacteristicsthatarethedimensionsoftheboundingellipseofthespermatozoaheadas
wellasitssurfacetoseparatetruespermfromfalseones.Thefinalstepwasdevotedtothedetection
ofmotilespermatozoas.Thiswasdonebytheinter-framedifferencetechniqueperformedonthree
successiveimages.

Toevaluatetheperformanceoftheproposedalgorithm,itwasexaminedonrealmicroscopic
videos.Then,theobtainedresultswerecomparedwiththoseperformedmanuallybythreeandrologists
formotilityandconcentrationassessment.Thesegmentationresultswerecomparedwithtwoother

Table 4.Obtained values of motility by the 3 experts (manual method) and the proposed system (automatic method)

Videos

Motility - Manual method Motility 
Automatic 

method 
(proposed 

system)

Operator  
1

Operator  
2

Operator  
3

Mean 
Value 

µm

Standard 
Deviation 

σ m

Video#1 01 02 01 1 1 01

Video#2 05 04 06 5 1 06

Video#3 03 04 05 4 1 04

Video#4 01 01 03 2 1 01

Video#5 03 03 03 3 0 03

Video#6 07 13 12 11 3 12

Video#7 08 07 10 8 2 09

Video#8 01 01 01 1 0 01

Figure 10. Graphical representation of the Obtained values of motility by the 3 experts (manual method) and the proposed system 
(automatic method)
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existingmethods(i.e.,WSandSobel).Thecomparisonsshowedthesuperiorityof theproposed
methodtoitsalternatives.Thismeansthattheproposedalgorithmdistinguishedspermsfromother
semenpartsanditcanbeconcludedthattheproposedmethodcanbeusedasasuitablechoicefor
detectingspermsinmicroscopicimagescapturedfromhumansemen.Asfuturework,weintendto
compareitwithcommercializedCASAsystemsandtoincreasethenumberofandrologistsinorder
toobtainamoreimportantbasisofcomparison.Wealsoplantoexpandoursystemtoperformother
spermassessmentsuchasspermmorphologyanalysis,motionanalysis.Thiswillallowustooffer
theenduserauniversalCASAsystem.
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