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ABSTRACT

Inthispaper,automaticandreal-timesystemsweredevelopedtodetectandclassifytwodifferent
generaofscorpionsusingcomputervisionanddeeplearningtechniques,withthepurposeofproviding
apreventiontool.TheimagesofscorpionswereobtainedfromanarachnologylaboratoryinArgentina.
YOLO (you only look once) and MobileNet models were implemented. The data augmentation
techniquewasappliedtosignificantlyincreasetheamountoftrainingdata.Highaccuracyandrecall
valueshavebeenachievedforbothmodels,whichguaranteesthattheycanearlyandsuccessfully
detectscorpions.Inaddition,theMobileNetmodelhasshowntohaveexcellentperformancetodetect
scorpionswithinanuncontrolledenvironment, tocarryoutmultipledetections,andtorecognize
theirdangerincaseofaccidents.Finally,acomparisonhasbeenmadewithotherdifferentmachine
learning-basedmodelsusedtoidentifyscorpions.
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1. INTRoDUCTIoN

Scorpionsare invertebratesof thephylumArthropodaandclassArachnida,whichalso includes
spiders,opilions,mites,solifuge,pseudoscorpionsamongothers.Allspeciesofscorpionshavethe
abilitytoinoculatevenomwiththetailstinger,andsomeofthemevenwiththepossibilityofkilling
ahuman.Forthisreason,duetothehighdangerousness,scorpionshavebeenstudiedforalongtime
andisstillamajorsubjectofinterestforhealthcare(Abushama1964;Ahmadietal.2020;Gaffinet
al.2012;Gopalakrishnakoneetal.2015;Kladtetal.2007;Petricevich2010).

Scorpions are nocturnal animals with negative phototropism. They can be found sheltered
duringtheday,innaturalenvironments,underrocksorinsideholes,althoughsomespeciescanalso
bedomiciliary,whichremainhiddeninthedaytimeandroamatnight.Usually,thescorpionbites
happenaccidentally,whichisduetotheignoranceofthepresenceofthesearachnids.
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Thesearachnids inhabitallcontinentsexceptAntarctica, living inawidevarietyofenvironments,
preferablyinwarmareas.SomeofthedangerousspeciesworldwidebelongtotheButhidaefamily,whichwith
95generaand1259species,itisthelargestofthescorpionfamilies(Rein2021).Thisfamilyiswidespread
aroundtheworldandmanyoftheirgeneraaredangerousforhumans.InSouthAmericathegenusTityus
hassomespeciesthatcancausedeath(Borges2013;Kaltsasetal.2008;MullenandSissom2018).

Argentinahasabout60speciesof scorpionsbelonging to two families, theBothriuridaewith
the largestnumberofgenera (Bothriurus,Timogenes,Brachistosternus,Orobothriurus,Vachonia,
PhoniocercusandMauryius),andtheButhidaefamilywiththreegenera(Tityus,ZabiusandAnanteris)
(deRoodtetal.2019;OjangurenAffilastro2005).Onlyonegenus(Tityus)isconsideredofsanitary
importance,sincetheycauseaccidentseveryyear,andsomecanbefatal,especiallyinchildrenand
elderly.Thisgenushasseveralhighlydangerousspecies,suchasTityus confluence,Tityus serrulatus¸ 
Tityus bahiensisandTityus carrilloi(knownuntilnowasTityus trivittatus)(Affilastroetal.2021).Other
speciesofthisgenuscancausegreatpainwiththeirbites,althoughtheydonotregisterfatalaccidents.

Specifically,twospeciesofTityus(Tityus confluenceandTityus carrilloi)andonespeciesof
Bothriurus(Bothriurus bonariensis)coexistinLaPlatacity(Argentina)(L.A.Giambellucaetal.
2021).ThetwospeciesofTityusareofsanitaryimportancewhereasBothriurus bonariensisisnot
dangerousforhumans.Thesedifferentspeciesofscorpionscannotonlyincreasetheirpopulation
butcanalsoconquernewareas.Inrecentyears,thenumberofconsultationsmadeattheCEPAVE
Arachnology Laboratory (CONICET-UNLP- Assoc. CICPBA) in La Plata city have increased
substantially,whichisduetotheincreaseintheappearanceofscorpionsindifferentareasofthiscity.
ThequeryspeciesaremainlyBothriurus bonariensisandTityus carrilloi(L.Giambellucaetal.2018).

Figure1 showspictures of two species of scorpions: Tityus andBothriurus. Although both
arachnids have many similarities, they also have some differences, especially concerning their
morphology,intheshapeoftheirtailsandpedipalp.Thedifferenceindangerousnessbetweenthese
speciesmakesitnecessarytoidentifythemcorrectly,inordertoavoiddeterminationerrorsincaseof
accidents,andthusproceedaccordingtothedangerousnessofthescorpion.Intheeventthataperson
hasbeenbittenbyaspeciesdangeroustohumans,early,fastandaccuratedetectionandidentification
ofthedifferenttypesofscorpions,bypeopleunrelatedtothesubject,canhelpsavelives.

Theoldestmethodsofscorpiondetectionincluderockrolling,burrowingdetection,peelingloose
backoftreeandpitfalltrap,whicharedangerous,timeconsumingandinvasive(HadleyandWilliams
1968;Shehabetal.2011).Othermethodsofdetectionusedifferentbiologicalcharacteristicsofscorpions
suchasvibrationsignalsorthefluorescentpropertyofscorpions(Aibinuetal.2014;Gaffinetal.2012).

Figure 1. Pictures of Tityus (left) and Bothriurus (right)
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In recentyears,artificial intelligence (AI) techniques, suchasmachine learning (ML),deep
learning(DL)andcomputervision(CV),arebecomingusefulasalternativeapproachestoconventional
techniques.Theyhavebeenusedtosolvecomplexproblemsindifferentareassuchas:medicine,
security,tourism,finance,robotics,soilanalysis,climateanalysis,amongothers.Inparticular,ML
usesdifferentalgorithmscapableoflearningfrominputdata(trainingstage)toimprove,describedata
andpredictoutcomes(Alpaydin2016;JordanandMitchell2015).DLisasubsetofML,inspiredby
thebiologicalbehaviorofthehumanbrain,thatusesneuralnetworkarchitectureswithseverallayers
toknowtherelationshipbetweentheinputcharacteristics(Chollet2018;Goodfellowetal.2016).On
theotherhand,computervisionisasetofcomputertechniquesdevelopedinordertointerpretand
processdigitalimages,andtoimitate(andevenimprove)thehumanvisionsystem(Davies2017).
Aimingtoimprovetheirperformance,deeplearningtechniqueshavebeguntobeusedinthefield
ofcomputervision,forexample,todetect,recognizeandclassifyobjects(Cuietal.2020;Dairiet
al.2018;Ghoshetal.2020;Y.Sunetal.2017;Wuetal.2020),tofacerecognition(Tripathi2017),
toanalyzetextures(AndrearczykandWhelan2016),toarmfracturedetection(Guanetal.2020),
andtostudyprostatecancer(Lietal.2014),amongotherapplications.Specifically,regardingthe
detectionandclassificationofscorpions,apreviousworkhasrecentlyshownthecomparisonbetween
threedifferentmodelsbasedonMLalgorithms,whichareusedtodiscriminatebetweentwogenera
ofscorpions(F.L.Giambellucaetal.2020).Theyarethelocalbinary-patternhistogram(LBPH)
algorithmanddeepneuralnetworkswithtransferlearning(DNNwithTL)anddataaugmentation
(DNNwithTLandDA)approaches.Inthelasttwocases,apre-trainedVGG-16modelwasused.

Inordertoimprovetheresultsobtainedwiththesemodels,inthiswork,thedevelopmentof
twosystemsofautomaticdetectionandclassificationofscorpionsinrealtimeusingdifferentdeep
learningmodelsispresented.Ontheonehand,objectdetectionwasimplementedwithtwomodels,
basedontheshapefeaturesofthescorpions,whichwerecomparedwitheachother.Bothmodels,
knownasYOLO(YouOnlyLookOnce(Redmonetal.2016))andMobileNet(Howardetal.2017)
withTensorFlowplatform,arebasedondeepconvolutionalneuralnetworks(Zhou2020)forreal-time
objectdetection.Ontheotherhand,theMobileNetmodelwithTensorFlowwasalsousedforimage
classificationinordertoidentifybetweentwogeneraofscorpions,suchasTityusandBothriurus.In
particular,wehaveusedthefourthversionofYOLO(YOLOv4)forobjectdetection(Bochkovskiy
etal.2020),andthesecondversionofMobileNet(MobileNetV2)(Sandleretal.2018)forobject
detectionandimageclassificationsystems.

Thecontributionsinthispaperare:

• Fullyautomaticsystemsweredevelopedtowarnandalertinreal-timeaboutthepotentialpresence
anddangerofscorpionsfoundinLaPlatacity(Argentina).

• Scorpionsareearly,quicklyandaccuratelydetectedandclassifiedinanon-invasiveandsafeway,
byusingdeeplearningmethods.Twotechniques,YOLOv4andMobileNetV2,arecompared
usingdifferentcriteria.

• Thesystemsdevelopedhaveanexcellentresponsivenesstodetectscorpionswithinanuncontrolled
environment, to carry out multiple detections and to identify between dangerous and non-
dangerousscorpions.

• Bothsystemswereimplementedasamobileapplication,withtheadvantageoftheportability
and readily available to thepopulation, which canbeused as a effective prevention tool to
minimizescorpionstingsandtohelpreducetheharmtheycancausetopopulationsexposed
tothesearachnids,especiallythemostvulnerablesectorstothevenomofascorpion,suchas
hypertensive,cardiacordiabeticpeople,butalsochildrenandtheelderly.

Theremainderofthispaperisorganizedasfollows:Section2introducestheproposedobject
detectionandimageclassificationsystemsindetail.InSection3,theresultsobtainedarepresented
anddiscussed.Finally,Section4presentstheconclusionsofthisstudy.
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2. PRoPoSeD APPRoACH

Figure2showsaflowchartoftheproposedmethodologyinthispaper,whichinvolvesthedevelopment
oftwosystems,forthedetectionandrecognitionofscorpions.Twodeeplearningtools,suchasYolov4
andMobilenNetv2,havebeenusedinthestudy.Also,usingthebuilt-intools,bothsystemswere
implementedasamobileapplication(App),whichwasdevelopedfromtheTensorflowrepository.

WehaveselectedtheYOLOV4andMobileNetV2models,astheyhaveshowngreatperformance
in termsofaccuracyandreal-timeprocessingspeed(Kurdthongmee2020;RedmonandFarhadi
2017).Infuture,wewilltrytoimplementotheralternativeswithpossiblebetterperformance,such
asInception,ResNet,R-FCN,amongothers(Jungetal.2017;Singhetal.2018;Szegedyetal.2016).

Theanalysishasbeencarriedoutusingaprimarydatasetobtainedfromthedatabasebelonging
totheCEPAVEArachnologyLaboratory.Aselectionofthebestimageswasmade.Also,theauthors
haveaddednewimages,whichwereobtainedbyphotographingallthespecimensofthescorpion
collectionoftheaforementionedLaboratory.

Intheobjectdetectionsystems,atotalof612imagesofscorpions(positiveimages)ofverygood
qualityandsharpnesswereconsidered.Toreducethefalsepositiverate,thatis,detectionintheabsence
of the target,197 imageswithout scorpions (negative images)wereadded.Additionally,Roboflow
(Alexandrovaetal.2015)wasusedtoincreasethedatasetsize,reachingatotalof1937images,which
wererandomlyassignedtotraining,validation,andtestdatasetsina70:20:10ratio,respectively.Since
thetrainingprocessinvolvesthetrainingandvalidationstages,thereisa77:23relationship,whichisvery
closetothe“Paretoprinciple”of80:20rule(Sanders1987).

Thedataset for the trainingpurposewasexportedusing theTFRecord format, anda linkwas
generatedtobeabletouseitdirectlyfromGoogleColaboratory.Thedataaugmentationtechniquewas
appliedtosignificantlyincreasetheamountoftrainingdatainordertopreventoverfittingandenhance
thegeneralizationabilityofthemodel(Goodfellowetal.2016;Hanetal.2018;Liuetal.2018).Inthis
paper,image-transformationoperations,suchasflip(horizontalandvertical),rotationby±45and±90
degrees,tilt(±45degrees),±48%saturation,±25%exposure,blur(1.75pX)andnoise(5%)havebeenused.

Figure 2. Schematic flowchart of the systems studied in this work
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Inordertovalidateandbetterunderstandthescopeofthetrainedmodels,confusionmatrixwere
implementedtoclassifytheresultsandevaluatetheperformanceofthesemodelsfromthefollowing
fourmetrics:accuracy(A),precision(P),recall(R),andFmeasure(F1).Equations(1),(2),(3)and(4)
areusedtocalculatethesemetrics(Arisholmetal.2010;SucithraB.andGladston2020):
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whereTP,TN,FPandFNdenotetruepositives,truenegatives,falsepositivesandfalsenegatives,respectively.
Inbothobjectdetectionsystems,thepresenceofthescorpionintheimagewasconsideredasatrue

positivecase(TP).Then,theworstsituationoccurswhenthesystemfailstodetectthescorpion,which
canputthehealthofvulnerablepeopleindanger.Thatis,inthecaseofabsenceofdetectionwhenthe
effectivepresenceofascorpionwasomitted(caseoffalsenegative(FN)).Therefore,sinceRincreases
whenFNdecreases,recallisthemetricofgreatestinterestinthedevelopeddetectionsystems.

Thereceiveroperatingcharacteristic(ROC)curve(VukandCurk2006)wasalsousedtoexamine
thebehaviorofthebinarymodelwhenthedetectionthresholdischanged.OnlytheTPsandFPsare
necessarytographtheROCcurve,inwhichtheTPrate(sensitivity)isplottedagainsttheFPrate
(1-specificity).EverypointinaROCspacecorrespondstoagiveninstanceoftheconfusionmatrix
andrepresentsarelativetrade-offbetweenTPandFP.ThehigherthevaluesofTPwithrespectto
FP,thebetterthetrainedmodelwillbe.Theoptimalmodelcorrespondstothepointlocatedinthe
upperleftcorneroftheROCspace,withcoordinates(0,1).whichrepresents100%sensitivity(no
falsenegatives)and100%specificity(nofalsepositives).

Ontheotherhand,theimageclassificationsystemwasimplementedusingtheMobileNetV2
modelfromthewebenvironment“teachablemachine”(Carneyetal.2020)providedbyGoogle.
Thedatasetwasdividedbygenusinthreecategories:Tityuswith105images,Bothriuruswith113
images,and“None”(fortheabsenceofascorpion)with60images.Roboflowwasusedtoincrease
thedataset,reachingatotalof315,339,and180images,respectively,foreachcategory.

Forbothobjectdetectionand imageclassificationsystems,applicationsforsmartphoneswere
developed.Today,thesedeviceshavethenecessarycomputingcapacityforsuchactivities,withthe
advantageoftheportabilityofthesystems.Theseapplicationscanbeusedforhelptoolforemergency
services,biologicalresearch,andciviluse,amongothers.Bothsmartphoneapplicationsdevelopedinthis
paperwereimplementedintheTensorFlowLitemodel,whichwasobtainedbymakingthecorresponding
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transformationstothetrainedmodels.Also,thedevelopedsystemsinthisworkareeasilyscalableto
othergeneraandspeciesofscorpionstoextendtheregionwheretheseapplicationscanbeused.

3. ReSULTS AND DISCUSSIoN

3.1. object Detection
The performance of both object detection systems developed in this work, using the YOLOv4
andMobileNetV2models,wereevaluatedandcompared in termsof the evaluationmetrics and
computationalcomplexity.Themodelswereevaluatedfrom81imagesofthedataset,whichwerenot
usedintheprevioustrainingprocesses.TheseimageswererandomlyselectedthroughtheRoboflow.

InYOLOv4detectionsystem,the“Scaled-YOLOv4”(Wangetal.2020)wasusedforthetraining
andtestingphases,whichprovidesthenecessarytools.Theimagesusedforthetrainingprocesshave
asizeof416x416pixels,thebatchsizewassetto16,andthenetworkwastrainedfor600epochs.
Thecalculationswereruninthefreeaccesswebdevelopmentenvironment“GoogleColaboratory”.
ATeslaT4GPUwith15GBallocatedmemorywasused.Theprocessingtimefortrainingwasclose
to8hours.Comparedtoothersimilarsystems,thissystemisincreasinglyusedforitshighspeed
andefficiency.

TheevolutionoftheprecisionandrecallmetricsduringtrainingcanbeobservedinFigure3.
Bothmetricsaresaturatedatavaluecloseto70%,whichensuresacompletetrainingwiththedataset
used,andwithoutovertraining.Itcanalsobeseenthatrecallisalwaysaboveprecision,whichisideal
foroursystemthatdemandsalowrateofFN.

Ontheotherhand,theTensorFlowLitemodelwasusedinMobileNetV2,inordertorunthis
detectionsystemonasmartphone.Also,thetransferlearningtechnique(G.Sunetal.2018)was
adoptedforthetrainingphase,inwhichtheMobileNetV2pre-trainedmodelwasusedwithabatch
sizeof12,100stepsperepochandatotalof400000epochs.Theprocessingtimefortrainingwas
closetofourdays.ThetraininglossasafunctionofthenumberofepochsisshowninFigure4.

Figure 3. Precision and recall as a function of epochs for the YOLOv4 model
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ScorpiondetectionsusingtheYOLOv4(leftpicture)andtheMobileNetV2(rightpicture)models
areshowninFigure5.Ahighaccuracyinthedetectionofthescorpion(99.93%)canbeseenforthe
MobileNetV2model.

TheconfusionmatricesobtainedduringthetestingfortheYOLOv4andMobileNetV2models
areshowninFigure6andFigure7,respectively,wheretheverticalaxescorrespondtothetruedata
andthehorizontalaxescorrespondtothepredictionsofthemodels.

Table1showsthevaluesofaccuracy,precision,recallandFmeasurecalculatedusingequations
(1)–(4),respectively,forbothmodelsconsideredinthisstudy.Theseresultsshowthatbothobject

Figure 4. Training loss as a function of epochs for the MobileNetV2 model

Figure 5. Scorpion detections with YOLOv4 (left) and with MobileNetV2 (right) models
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Table 1. Metrics for the two detection models under study

Method Accuracy (A) Precision (P) Recall (R) Fmeasure

YOLOv4 0.88 0.93 0.90 0.92

MobileNetV2 0.91 0.92 0.97 0.94

Figure 6. YOLOv4 confusion matrix

Figure 7. MobileNetV2 confusion matrix
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detection systemsareable to successfullydetect scorpions.Furthermore, thehighvaluesof recall
obtainedindicatethatthereareverylowvaluesoffalsenegatives,whichisessentialaspreventiontool.
Inparticular,therecalloftheMobileNetV2model(0.97)isgreaterthanthatobtainedbytheYOLOv4
model(0.90),whichimpliesthattheMobileNetV2modelperformsbetterasscorpiondetectionsystem.

TheROCcurvesforbothdetectionsystemsareshowninFigure8.Itcanbeseeninthisfigure
thattheareasundertheROCcurvesfortheYOLOv4andMobileNetV2modelsareverysimilar,with
areaof85%and86%,respectively,whichimpliesaverygoodsensitivityandspecificityrelationship.

Fromtheresultsobtained,ithasbeenfoundthattheMobileNetV2methodhasbetterperformance
thanYOLOv4methodforthedetectionofscorpions.AlthoughtheMobileNetV2methodrequiresa
greaternumberofepochsandalongertrainingtime,thecomparisonbetweenbothmethodsisvalid,
becausebothsystemsweretraineduntiltheirsaturationwithoutovertraining.

TheMobileNetV2methodhasalsodemonstratedanexcellentabilitytocorrectlydetectscorpions
withinanuncontrolledenvironment,thatis,underchanginglightingconditionswithmultiplepositions
notpresentintheoriginaldataset,andwithvariousobjectsthatmakedetectiondifficult,asshownin
Figure9.Itcanbeseeninthisfigurethatdespitethepresenceofthewires,andofdarkerandbrighter
areas,thissystemdetectsthescorpioncorrectly,anddoesnoterroneouslydetectanotherobject.

Additionally,theMobileNetV2methodalsohasanexcellentresponsivenesstocarryoutmultiple
detectionscontinuouslywithoutproblems,asshowninFigure10.Inthisimage,itcanbeobserved
thepresenceofthreescorpionsoftwodifferentgenera,whichwereallproperlydetectedasexpected.

Finally,thissystemwasusedtodetectpseudoscorpions,alsoknownasfalsescorpions,which
arearachnidswith thegeneralappearanceofscorpionsexcept that theyhaveno tails.Figure11
showsthattheMobileNetV2methodmistakenlydetectsthepseudoscorpionasascorpion,with90%
certainty.However,thiserrorismorethanacceptableandunderstandablebecausethetrainedmodel
hasneverseenpseudoscorpionsbefore.

Figure 8. Comparative ROC curves for the two detection models under study
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Figure 9. Scorpion detection using MobileNetV2 method within an uncontrolled environment

Figure 10. Detection of three scorpions using MobileNetV2 method 
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3.2. Image Classification
Theimageclassificationsystemwasdevelopedinordertodistinguishbetweenscorpionsofdangerous
andnon-dangerousspeciesforpeople.Specifically,thissystemconsistsofaclassifierthatdiscriminates
betweenthreeclasses:dangerousscorpion(Tityus),non-dangerousscorpion(Bothriurus),andthe
absenceofboth(anenvironmentwithouttheclosepresenceofscorpions).

TeachableMachinewasusedforthetrainingstage,whichisbasedontheMobileNetV2pre-trained
model.Thetrainingconsistedof200epochs,withabatchsizeof512,andalearningrateof0.001.
Thislearningratevalueisverycloseto1.66×10-3,whichwasfoundastheoptimallearningrateof
theMobileNet-V2model(Ziouziosetal.2020).Valuestoolargecancausedivergenceintraining
process,whereasatoosmalllearningratecancauseoverfitting.Thetrainingandtestaccuracyis
presentedinFigure12.Duringthistraining,theexpectedimprovementinaccuracywasachieved,
withastrongcorrelationbetweenthetraininganditsvalidation.Itcanalsobeseenthatbothcurves
aresaturatedatavaluehigherthan90%,sooursystemisnotundertrainedorovertrained.

Figure 11. Pseudo-scorpion detection as real scorpion using MobileNetV2 method 

Figure 12. Training and test accuracy of the image classification system
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Regardingthelossfunction,Figure13showstheexpecteddecreaseduringtraining,reaching
valuescloseto0%and20%forthetrainingandvalidationphases,respectively.

AscanbeseeninFigure12andFigure13,thetrainingwasachievedwithacceptableaccuracyand
lossinordertoobtainanappropriateimageclassification.Thebehaviorofthissystemwasevaluated
from126images(15%ofthedataset),whichwerenotusedintheprevioustrainingprocesses.

Ashasbeenpreviouslymentioned,thisimageclassificationsystemisaclassifierthatdiscriminates
between threeclasses:dangerous scorpion (Tityus), non-dangerous scorpion (Bothriurus), and the
absenceofboth.Figure14showstheconfusionmatrixof3x3obtainedduringthetesting,whereitis
possibletoobservethelowrateoferrorthatisobtainedintheclassificationprocess.Table2showsthe
valuesofaccuracy,precision,recallandFmeasure.Theseresultsshowthatourmodelisabletosuccessfully
discriminatebetweenthethreeclasses.Sincethemaininterestofthedevelopedclassificationsystem
istoprovideapreventiontool,itisessentialtoguaranteethecorrectclassificationofthegenusTityus
duetoitsdangerousness.Thisconditionissatisfactorilyfulfilledbytheproposedsystem.

Figure 13. Training and test loss of the image classification system

Figure 14. Confusion matrix of the image classification system
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The ROC curve is shown in Figure 15, which indicates the very good performance of this
classificationsystem.

Consideringonlytheimagescorrespondingtothetwogeneraofscorpions(BothriurusandTityus),
itispossibletocompareourresultswiththosepresentedinGiambelluca2020forthreedifferent
machinelearningapproaches(F.L.Giambellucaetal.2020).Table3summarizestheresultsofthe
fourmetricsconsideredinthispaper.TheseresultsshowthattheMobileNetV2methodisclearly
moreefficientthantheotherstodiscriminatebetweendangerousscorpion(Tityus)andnon-dangerous
scorpion(Bothriurus).

Figure16showsthecorrectrecognitionandclassificationofnon-dangerous(Bothriurus)and
dangerous(Tityus)generaofscorpions,usingtheMobileNetV2model.Forexample,intheright
picture,thissystemreportsthatthedisplayedobjectisclassifiedasadangerousscorpion(“peligroso”
inSpanish).Therefore,afunctionalsystemwasdevelopedtowarnandalertinreal-timeaboutthe
potentialpresenceanddangerofthescorpions.

Table 2. Metrics for the three classes considered in the image classification system

Class Accuracy (A) Precision (P) Recall (R) Fmeasure

Tityus 0.97 0.96 0.96 0.96

Bothriurus 0.96 0.96 0.94 0.95

None 0.99 1.00 0.96 0.98

Figure 15. ROC curve of the image classification system

Table 3. Comparison of metrics between different machine learning approaches

Method Accuracy (A) Precision (P) Recall (R) Fmeasure

LBPH 0.65 0.78 0.63 0.70

DNNwithTL 0.78 0.77 0.93 0.84

DNNwithTLandDA 0.78 0.79 0.89 0.84

MobileNetV2 0.96 0.96 0.96 0.96
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4. CoNCLUSIoN

Automaticandreal-timesystemscapableofdetectingandidentifyingscorpionswereproposedinthis
work,usingcomputervisionanddeeplearningtechniques.YOLOv4andMobileNetV2modelswere
usedandcomparedforobjectdetectionprocess,whichprovidehighaccuracyvaluesof88%and91%,
andhighrecallvaluesof90%and97%,respectively.Althoughbothobjectdetectionmethodscan
successfullydetectscorpions,theperformanceoftheMobileNetV2methodwasbetterthanthatof
theYOLOv4method.Additionally,theMobileNetV2methodalsohasanexcellentresponsivenessto
detectscorpionswithinanuncontrolledenvironment,tocarryoutmultipledetectionsandtoidentify
betweendangerousandnon-dangerousscorpions.

Bothsystemswereimplementedasamobileapplication,withtheadvantageoftheportability
andreadilyavailabletothepopulation,whichcanbeusedasaeffectivepreventiontooltominimize
scorpionstingsandtohelpreducetheharmtheycancausetopopulationsexposedtothesearachnids,
especiallythemostvulnerablesectorstothevenomofascorpion,suchashypertensive,cardiacor
diabeticpeople,butalsochildrenandtheelderly.

Wehaveusedwell-knownmodelstosolvetheproposedproblem,achievinggoodresults.These
modelshaveneverbeenpreviouslyusedforthedetectionandclassificationofscorpions.Thenext
stepofthisresearchis toimplementotheralternativeswithpossiblebetterperformance,suchas
Inception,ResNet,R-FCN,amongothers.

Thesystemspresentedinthisworkwereoriginallydesignedtoprovideasolutiontoalocal
probleminLaPlatacity(Argentina),suchasthecontinuousincreaseintheappearanceofscorpions
indifferentareasofthiscity,moreprecisely,ofthethreescorpionspecieschosenforthestudy(Tityus 
confluence,Tityus carrilloiandBothriurus bonariensis).Infuture,wewilltrytoincorporatemore
generaandspeciesofscorpionstoextendtheregionwherethesesystemscanbeused.
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Figure 16. Example of the correct classification of the two genera of scorpions: Bothriurus (left image) and Tityus (right image)
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