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ABSTRACT

Theimmensecrimeratesresultingfromusingpistolshaveledgovernmentstoseeksolutionstodeal
withsuchterroristincidents.Theseincidentshaveanegativeimpactonpublicsecurityandcause
panicamongcitizens.Fromthispoint,facingapandemicofweaponviolencehasbecomeanimportant
researchtopic.Onewaytoreducethiskindofviolenceistopreventitviaremotedetectionandtogive
anappropriateresponseinashorttime.Videosurveillanceistheprocessofmonitoringthebehavior
ofpeopleandobjects.Surveillancesystemscanbeemployedinsecurityapplicationsaslegalevidence.
Moreover,itisusedwidelyinsuspiciousactivitydetectionapplications.Intelligentvideosurveillance
systems(IVSSs)aretheuseofautomaticvideoanalyticstoenhancetheeffectivenessoftraditional
surveillancesystems.WiththerapiddevelopmentinDeepLearning(DL),itisnowwidelyusedto
addresstheproblemsexistingintraditionaldetectiontechniques.Inthisarticle,anapproachtodetect
pistolsandgunsinvideosurveillancesystemsisproposed.Thepresentedapproachdoesnotneed
anyinvasivetoolsintheweapondetectionprocess.ItusesDLintheclassificationandthedetection
processes.TheproposedapproachenhancestheobtainedresultsbyapplyingTransferLearning(TL).
ItemploystwodifferentDLtechniques:AlexNetandGoogLeNet.Experimentalresultsverifythe
adaptabilityofdetectingdifferenttypesofpistolsandguns.Theexperimentswereconductedona
benchmarkgundatabasecalledInternetMovieFirearmsDatabase(IMFDB).Theresultsobtained
suggestthattheproposedapproachispromisingandoutperformsitscounterparts.
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1. INTRoDUCTIoN

Thehighrateofcrimeandviolenceamongpeopleisconsideredthethirdleadingcauseofdeath
in53countriesaccordingtothereportoftheWorldHealthOrganization(WHO)EuropeanRegion
(Sethi et al., 2010). These alarming rates force governments to try to find solutions for such
dangerousproblems.Videosurveillancesystemsareusedforanalyzingtheobjectsbehavior(Amira
&Zagrouba,2018).Itinvolvesobjectclassificationtounderstandtheevents(normalorabnormal)
invideos.Abnormalactivitydetectionplaysacrucialroleinsurveillanceapplications(Huangetal.,
2017;Wangetal.,2018;Cosaretal.,2017;Lloydetal.,2017;Tripathietal.,2019).Thelarge-scale
presenceofsurveillancesystemsisarealsourceofinspirationforthedevelopmentofanautomated
system todetectproblemsofanti-socialbehaviorsuchasvandalism, fights,gunkillings,etc. In
mostcurrentsurveillancesystems,monitoringdependsontheexistenceofahumanelement.This
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makesmonitoringaverychallengingtask.Inaddition,itislabor-intensiveandpronetoerrors.These
traditionalsystemshavemanyproblemssuchasweaksecurity,lowintelligence,highcost,andpoor
stability.Mostofthesesystemsarebasedonhumanoperators.Itisdifficultfortheseoperatorsto
watchandanalyzeallthedangeroussituations,especiallywiththelongobservationperiodsanda
largenumberofcameras(Research,2003).Thereportsincludedin(Research,2003;Cohenetal.,
2009; Dadashi, 2008) confirm that the Closed-Circuit Television (CCTV) operator suffers from
videoblindnessafter20to40minutesofactivemonitoring.Inthelasttwodecades,researchersand
professionalsoftheindustryhavedevotedtheirstudiestodevelopsurveillancesystemsthatdiscover
suspiciousactions(Zhou&Tan,2010;Liweietal.,2010;Kishoreetal.,2012;Mandrupkaretal.,
2013).Automationisrequiredincomplexsituationstoreducetheworkloadofthehumanoperator
andimprovetheperformance.Hence,surveillancesystemsstillrequireintervention,improvement,
andconversionfromtraditionalsurveillancesystemstointelligentandsmartsystems(Shahetal.,
2007;Tianetal.,2008).ThereisnohumaninterventionatallinIVSS.Thesmartsurveillancesystem
automaticallytriggersanalertifanysuspiciousactionoranyillegalactivityoccurs.Accordingly,the
operatorfocuseshisattentiononlyonthevideofeedandtakestheconvenientaction.

Thegoaloftheproposedapproachistodesignasystemcapableofautomaticallydetectthe
presenceofdangerousfirearmsespecially,gunsandpistolsinreal-timeintheCCTVimages.The
proposedapproachusestheConvolutionalNeuralNetwork(CNN)trainedtodeterminethepresence
oftheguns.CNNisaDLalgorithm(Abdelouahabetal.,2018).DLisasubfieldofmachinelearning.
Itisatechniquethateducatescomputerstoperformwhathumansdonaturally.Recently,withthe
emergenceandsuccessfuldeploymentofDLtechniquesinimageclassification,researchershave
emigratedfromtraditionaltechniquestoDLtechniques.DLhasrecentlyenricheditshighability
indetectionandclassification.Ithastheabilitytodetectthedominantfeaturesautomaticallyrather
notmanually(Tiwari&Verma,2015;Halima&Hosam,2016;Tiwari&Verma,2015;Sheenetal.,
2001;Xueetal.,2002;Lietal.,2008).Thisisthemainreasonpromptedustouseitinourproposed
approach.Nevertheless,DLsuffersfromtwodrawbacks:first,itrequiresverylargedatasets.Second,it
needshigh-performancecomputingresources.Inordertoovercomethesetwoconstraints.TLthrough
fine-tuningisemployedintheproposedapproach.Itistheimprovementoflearninginanewtask
throughthetransferofknowledgefromalearnedtask.TLmeansre-utilizingtheknowledgelearned
fromoneproblemtoanotherone(Torrey&Shavlik,2009).Networkweightsareinitializedrandomly
ifanetworktrainingisfromscratch.However,theweightsareinitiallysettotheweightsofthepre-
trainednetworkiffine-tuningisused.TLtechniqueseekstosavetimeandgetbetterperformance.
Figure1explainshowTLimprovesthetrainingperformancerate.

Intheproposedapproach,DLhasbeenemployedtoprovideagreaterlevelofperformancethan
othertraditionaltechniques(Meryetal.,2013;Blumetal.,2004;Upadhyay&Rana,2014;Glowacz
etal.,2015;Darkeretal.,2007;Blechkoetal.,2009;Darkeretal.,2008;Arslanetal.,2015).The
proposedapproachallowsthedetectioninnoisyimageswithalow-qualityresolution.ApplyingCNN
indetectingfirearmsachievesefficientfeatureextractionresultsandaccurateclassificationresults.
Thisincreasestherobustnessofthepresentedapproach.Thepresentedapproachusestwodifferent
pre-trainingnetworks(AlexNetandGoogLeNet).Toavoidoverfittingandtoacceleratetheprocess
oftraining,theproposedapproachusesTL.ThistrainingstyledemonstratestheabilityoftheTLin
achievingtremendousresults.

Theoverallorganizationofthispaperispresentedasfollows:undersection2,therelatedworkis
explored.Section3describesthemethodologyoftheproposedapproach.Thefourthsectionprovides
adetailedpictureoftheexperimentalresults.Theconclusionisapproachedinthelastsection.

2. ReLATeD woRK

Nowadays,automaticvisualsurveillanceisanelementaryneedforsecurity.Today,CCTVisemployed
asamonitoringandsurveillancetoolforfightingcrimes.CCTVfootage\filmsrecentlygrowtobe
criticalevidenceincourts.Allweapons,includingfirearms,poseveryseriousintimidationandrisksto
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