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ABSTRACTI 

This ithesis iexplores ithe iprocess iof idesigning ia idetection isystem iwhich ihave ithe icapability ito idetect 

iDrones, ihelicopters iand iairplanes iusing imachine ilearning iand iImage iprocessing. iThe imodern 

iworld ihas iadvanced iin itechnology iyou ican ifind isecurity icameras iof idifferent icapabilities ihaving 

izooming iand idetection iof iobjects ibut iall iof ithem ican izoom ithe idigital iimage iof ithe iobject ito ia 

icertain ilimit imoreover ithe ispecifications iof ithose icameras iare ifix iand idepends iupon iits 

imanufacturing icompany. iWhat iif iyou ihave ithe ichoice ito ichange ithe ispecification iof ithe icamera ias 

iper iyour iown irequirement? iWhat iif iyour izooming icapability iin imuch imore ithan iordinary isecurity 

icameras? i 

In iorder ito iintroduce ia imodel iin iwhich iusers ihave ithe ichoice ito ichange ithe ispecification iof icamera 

ias irequired iand ito ienhance ithe izooming icapability iof ithe icamera iplus iproviding iOptical izoom 

iwhich iis ifar ibetter ithan idigital izoom iwe ihave idesigned ia imodel iwhich ihave ithe icapability ito iscan 

ithe iarea iup ito i180 idegrees iin iAzimuth iand i180 idegrees iin ielevation 

A idataset icontaining i10000 iimages iof ihelicopters, idrones iand iairplanes ihave ibeen iused ito itrain ithe 

imodel iin iorder ito irecognize iand idetect ithe itarget iobject. i 
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Chapter i1: iIntroductioni 

Smalli iand iremotely icontrolledi iunmanned iaerial ivehicles i(UAVs), ihere iin iafter ireferred ito 

ias idrones, ican ibe iuseful iand iof ibenefit ifor isociety. iExamples iof itheir iusefulness iare ito ideliver 

iautomated iexternal idefib- irollators i[1], ito ifight ifires imore ieffectively i[2] iand ifor ilaw ienforcement 

ipurposes. iMoreover, ithe ilow icost iand iease iof ioperation imake idrones isuitable ifor ientertainment iand 

iamusement ipurposes i[3]. 

Nevertheless, isuch idrones ican ialso ibe iintentionally ior iunintentional- ially imisused, iso ithat 

ithe isafety iand isecurity iof iothers iare iaffected ior ithreatened. iIn ithe iworst icase, ithis ican icause isevere 

istructural idamage ito ian iaircraft iif iit icollides imid-air iwith ia iconsumer-sized idrone ieven iwhen iflying 

iat imoderate ispeeds ias ishown iby iresearchers iat ithe iUniversity iof iDayton i[4]. 

Due ito ithe irapid idevelopment iof icommercial iand irecreational idrones ithe iresearch iarea iof idrone 

idetection iand iclassification ihas iemerged iin ithe ilast ifew iyears i[5] iand, ias ican ibe iseen iin iFigure i1  

ibelow, ithe iInternet isearch itrend ifor iweb ipages iwith idrone idetection irelated icontent ihas ibeen 

iincreasing iover ithe ilast iten iyears. 

Figure i1: iSearch itrend ifor i"drone idetection" iover ithe ilast iten iyears. 

 

This ithesis iexplores ithe iprocess iof idesigning ia idetection isystem iwhich ihave ithe icapability ito 

idetect iDrones, ihelicopters iand iairplanes iusing imachine ilearning iand iImage iprocessing. iThis iwill 

ialso iinclude ithe icollection iand iannotation iof ithe inecessary idataset ito iaccomplish ithe itraining iand 
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ievaluation iof ithe isystem. iThree idifferent iconsumer-grade idrones iare iincluded iin ithe idataset 

itogether iwith ibirds, iairplanes, iand ihelicopters. 

1.1 iOverview 

Recently, ithe iinterest iand idemand iin idrone iare ihigher ithan iever. iWith ithis ipopular idemand, 

inew itypes iof idrone imerchandise ihave ibeen idesigned iand imanufactured. iAs ifor ithis ishift, ithe 

icommercial idrone iindustry ikeeps ion igrowing. iAlthough icommercial idrones ihave ibeen imassively 

iproduced ito isatisfy ithe imilitary ineeds, ithere ihas ibeen isome idownsides ito ithis. iAs iit ibecame ieasier 

ito ispot idrones ioutdoors, imore isafety iissues ihave ibeen ibrought iup ias iconcerns. iThese iare inot 

imerely iabout iaccidents iregrading ito idrones iharming iindividuals, ibut iinclude idrones iinvading 

igovernment irestricted iareas. iAdditionally, iconsidering ithat ia icoordinated ifleet iof idrones iis icapable 

iof imore ivarious itasks i[6], idrones ican ibe ia ibigger ithreat ithan ipeople icould iimagine. iAs ithere iare 

imore idrones iout iin ipublic, iit ibecame iharder ito iregulate ithem ilegally iand isafely. iFor iregulation, iit iis 

iessential ito idetect iand iidentify idrones iup iin ithe isky. iSo, ithere iis ia ineed ito icounter isuch iillegally 

ientering idrones iand ithis iproblem idirely ineeds ito ibe isolve iin iorder ito iremain iaware iand ialert ias 

ithere ihas ibeen ino iproper isolution ito ithis iproblem itill idate. 

 

1.2 iProblem iStatement 

Pakistan iis ia ithird iworld iunderdeveloped icountry. iFor idrone idetection, itraditionally iradars iand 

iacoustics isystems iare iused, ibut iit ihas imany ilimitations ithat ilead ito iever-increasing idrone idetection 
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ithreat ion iborders. iFollowing iare isome ihighlights iof ithe iexisting iproblems idue ito ilack iof itechnical 

iadvancement iin idrone idetection isystem. 

1. Increased iuse iof idrones iin imodern itimes 

2. New itechnological ithreat ion iborder ithat ilimits ithe iawareness iof ienemy isurveillance 

imechanism 

3. Absence iof iAutomated idrone idetection itechnology icauses isurveillance iproblems. 

4. Existing idetection imechanisms i(Radar iand iacoustics) ido inot ifulfill ithe irequirement ito idetect 

ismall idrones. i 

5. Wastage iof imanpower ion iborder iby iapplying itemporary imeasures ion iborders. 

 

1.3 iProposed iSolution 

The imajor igoal iof iour iproposed isolution iis ito icontinuously imonitor ithe idrones iin iair ithat iare 

ismall iand icannot ibe idetected iby itraditional imeans ifor iall ithe iborders iof iPakistan. iTraditional iRadar 

idetection iand iusing iof imanpower ion iborder ito idetect idrones imust ibe ireplaced iby ismart ioptical 

idrone idetection idevices. iThe iproposed iOptical iSky iscanner idrone idetection isystem iis icapable iof 

iscanning ithe iarea iup ito i180 idegrees iin iAzimuth iand i180 idegrees iin ielevation iand idetecting ithe 

idrones, ihelicopters iand iairplanes iusing iimage iprocessing. i 
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1.4 iWorking iPrinciple 

The iproject imainly iworks ion ithe iprinciples iof iimage iprocessing iamalgamated iwith imachine 

ilearning ialgorithms. iThe iproject iis idivided iinto idifferent imodulus iand ievery imodule iis iinter-woven 

iwith ithe inext imodule. iThe ilist iof imodules iis ias iunder: 

 Datasets iand iannotations 

 Dataset itraining iand iprocessing i 

 Output iextraction 

 Decision ibased iupon iOutput 

 Integration i 

 Live ivideo ipresentation iof idetected iobject 

 1.4.1 iDatasets iand iannotations: 

An iintegral ipart iof ithe iproject iis ithe ipreparation iof idatasets. iThe idataset icomprises iof 

iimages iof ivarious itype iof iobjects ipresent ion ithe iair: idrones, iairplanes, ihelicopter. i iKnown 

iEnemy iDrone idataset iis iof ipivotal iimportant iin iour iproject. ibirds 

  1.4.1.1 iCOCO iDataset: 

Common iObjects iin iContext i(COCO) iis ia ilabeled idataset icomprising iof ivast isets 

iof icommon ilife iobjects, imainly i4 idifferent itypes. iThe iobjects iof iinterest iin iCOCO 

idata iset ifor ithis iproject iare iair imoving iobjects, ithe iproposed iproject iextracts i4 isuch 

iobjects i(drones, iairplanes, ibirds, ihelicopters). i 

  1.4.1.2 iCustom iDrone iDataset: 
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This iproject iuses ia icustom ibuild idataset iof iknown ienemy idrones ifor iits iuse. 

iThe iimages iare igathered, ifiltered, iand iannotated ito iobtain icoordinates iof ithe iobject 

iof iinterest. i i 

 1.4.2 iDataset itraining iand iprocessing: 

The iprepared idataset iis iused ias iinput ito itrain iobject idetection imodels iusing imachine 

ilearning. 

  1.4.2.1 iYOLO ialgorithm: 

YOLO iis ian iabbreviation ifor ithe iterm i'You iOnly iLook iOnce'. iThis iis ian 

ialgorithm ithat idetects iand irecognizes ivarious iobjects iin ia ipicture i(in ireal-time). 

iObject idetection iin iYOLO iis idone ias ia iregression iproblem iand iprovides ithe iclass 

iprobabilities iof ithe idetected iimages. iOur iproject iuses iYOLO i(you ionly ilook ionce) 

ialgorithm ito itrain ithe idataset, ithis iprepares iobject idetection imodel. 

 1.4.3 iOutput iExtraction: 

The ioutputs iare iextracted ibased ion iobjects i(drones, ihelicopters, ibirds, iairplanes) idetected, 

ithese iobjects iare icounted iand istored ito ikeep ia irecord. 

 1.4.4 iDecision ibased iupon iOutputs: 

The iextracted ioutputs, ithe icount iof idrones iin ithe iair iare iused iin idecision imaking. i 

  1.4.4.1 iRange ibased idecision: 



6 i| iP a g e  

 

The iprimary idecision iis ibased iupon ithe irange iof ithe idrones ipresent ion ithe iair 

iprioritization ibased ion icloser irange. i i 

   

 1.4.5 iIntegration: 

The idifferent imodules iare ithen iintegrated iin ito ione istand-alone ientity. iThis istand-

alone ientity iis iessential ifor ia icompact isolution. i i 

 1.4.6 iLive ivideo ipresentation: 

The ivisual idemonstration iof ithe idetected iobject iis idone ion ilaptop. i 

1.5 iObjectives 

 1.5.1 iGeneral iObjectives: 

“To ibuild ian iinnovative istate iof ithe iart isoftware iintegrated ihardware iprototype 

ipowered iby iMachine iLearning i(ML) iand iImage iprocessing itechniques, iproviding ia iOptical 

iSky iScanner ias ian iobject idetection itool ito icope iup iwith imainly idrone idetection iproblem.” 

 1.5.2 iAcademic iObjectives: 

- Development iof ia iOptical iDrone iDetection iSystem 

- To iimplement iMachine iLearning itechniques iand isimulate ithe iresults 

- To iincrease iproductivity iby iworking iwithout iinvolving iman iforce 

- To idesign ia iproject ithat icontributes ito ithe iwelfare iof iPak iArmy 
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1.6 iScope 

The iscope iof ithis ithesis iis itwofold: iFirst, ito iexplore ithe ipossibilities iand ilimitations iof 

idesigning iand iconstructing ia imount iwhich ihave ithe icapability ito irotate ithe icamera iup ito i180 

idegrees iin iAzimuth iand i180 idegrees iin ielevation. 

The isecond iobject iof ithe ithesis iis ito icollect, icompose ia idataset ithat icontains iall ipossible 

iimages iof idrones, ihelicopters iand iairplanes. iThis idataset ishould icontain iimages iof ias imany idrones i 

i ias ipossible. iThe idata iand ithe iassociated iannotations ishould ibe iin istandard iformats, iso ithat ithe idata 

ican ibe iimported, ireviewed iand ieven iedited iby iothers. 

Thus, ithis ithesis ican ibe iseen ias iincorporating iall iphases iof idesigning ian iembedded iand 

iintelligent isystem. iFrom ithe iinitial iliterature istudy, ithe isubsequent iassessment iand iprocurement iof 

isuitable ihardware icomponents, ithe idesign iand i3D-printing iof iparts ithat iare inot iavailable, ithe 

iprogramming iand itraining iof ithe isystem, iand ifinally ievaluating iit iand ireporting ithe iresults. iIn ithis 

icase, ithe ithesis ialso iincludes ithe icollection iand icomposition iof ithe irequired idataset. 

A ikey idoctrine iand iprinciple iof ithis ithesis iwill ibe ithat ito ieffectively idetect ithe isought iafter 

idrones ithe isystem imust ialso, iby iall ipossible imeans, idetect iand ikeep itrack iof iother iflying iobjects 

ithat iare ilikely ito ibe imistaken ifor ia idrone. i 
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1.7 iDeliverables 

 1.7.1 iHawk ieye 

It iserves ias ia ihawk ieye ito iobserve iand idetect ithe idrones iby iusing ia icombination iof 

iimage iprocessing iand imachine ilearning itechniques iwith ithe ihelp iof icamera iand ia ipre-fed 

idata iset iin ireal itime. iMoreover, iif iwe iuse iNikon ip-900 ithan ithe izooming icapability ican 

iincrease iup ito i85x. i i i 

 1.7.2 iObject iof iinterest: i 

It ican idetect ithe iobject iof iinterest iby iusing ithe isame icombination iof iimage 

iprocessing iand imachine ilearning itechniques. iBy idetecting ithe iobject iof iinterest, iwe imean 

idetecting ithe idrones, ihelicopters, iairplanes iand ibirds iespecially ialready iknown idrones iof 

ienemies. 

 1.7.3 iSpecial iprivileges: 

It iprovides ithe ispecial iprivileges ito ithe iworkforce ion iborders ibecause iit ican icover 

ilarger iarea iby iscanning iit ifor idrones iand ihelicopters. iIt iwill idefinitely ireduce ithe 

iemployment iof iforces iin iborder iareas ifor ithe isaid ipurpose. 

1.8 iRelevant iSustainable iDevelopment iGoals 

Make icities iand ihuman isettlements isafe, iresilient iand isustainable. 

This iproject iis itotally ibased ion iproviding isecurity ito ithe ipeople iby idetecting ithe iobjects iwhich ican 

iharm ithe ihumanity iin imany iways. i i 
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1.9 iStructure iof iThesis 

Chapter i2 iContains ithe iliterature ireview iand ithe ibackground iand ianalysis istudy ithis ithesis iis ibased 

iupon. 

Chapter i3 iContains ithe idesign iand idevelopment iof ithe iproject. 

Chapter i4 iContains ithe iconclusion iof ithe iproject. 

Chapter i5 iHighlights ithe ifuture iwork ineeded ito ibe idone. 

Chapter i2: iLiterature iReview 

 In this section, we introduce various research relevant to our research. The content of this 

paper can be summarized as a drone detection and identification system based on image 

processing and machine learning.  

Haar Feature based Cascade Classification [7] is applied for object detection. This 

technique has three key characteristics. One is that by using Integral Image, features used by the 

detector can be computed very quickly, making its computation complexity O (1). Two is the 

method constructing the classifier by selecting a small number important feature using a learning 

algorithm, yielding a very efficient classifier. Three is the method for combining increasingly 

more complex classifiers in cascade fashion, making it dramatically fast. Recently, deep learning 

has been applied in many studies in image processing field. Among the deep neural network 

structures, Convolutional Neural Network (CNN) has been gaining great interest because it 

automatically detects the important features during its learning phase. It has already shown 

performance breakthroughs in image classification [8] and object detection [9]. The reason why 
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CNN shows great performance in extracting feature is its capability in extracting abstract features. 

This allows it process with greater accuracy and speed [10]. In this paper, drone identification is 

based on supervised learning. Supervised learning is a systematically more adjusted CNN and has 

been applied in [11] and [12]. 

  It has been gaining recognition by showing better performance than unsupervised learning 

[13]. Based on the research, we have chosen CNN to increase speed and efficiency. The two 

modules implemented in this system requires learning based on images. As it heavily relies on 

machine learning, with careful calibration and sufficient learning, the system can show better 

performance. 

i 

 

2.1 iBackground i 

In itoday’s iera, ione iof ithe imajor iissues ifaced iacross ithe iworld iis iuse iof idrones iwithout 

iample iprocedure ito itackle ithem. iUsage iof idrones ihas iled ito imany ifurther iproblems, ias idiscussed iin 

iProblem iStatement, iwhich iincreases ineed ifor ia ismart isystem. iUltimately, iresults iin ia imilestone 

iachieved iby ihaving ia isystem ito idetect ieven ithe ismallest idrone. 

Initially, iPakistan itechnical iadvancement iwas ibarren. iThen, ithese istarted iexporting iunder 

iliberal ipolicies iresulting iin iincrease iin iindustrial igrowth idue ito ithe irapid iexpansion iof 

idomestic idemand iand iencouragement ifor iexport. iDespite iof ideclination iof igrowth, 

iPakistan imanaged ito imake iprogress iand igrowth iin ithe inew icentury. iAnd inow iwe iare 

iinclining itowards ismart iindustries, iautomation, ibased ion inew itechnologies i(Internet iof 
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iThings i(IOT), iMachine iLearning i`camera isensor iattached iprovides igood isurveillance ias iit 

iis ia ifully iautomated isystem. 

 i2.2 iExisting isolutions iand itheir idrawbacks 

Different isolutions iare ipreviously ibeing iprovided ifor ithis iproblem ilike idetection ithrough 

iheat, isound, ior imetal idetection ivia iradars, ibut ievery iproduct ihas isome ipros iand icons. iFollowing 

iare isome isolutions iwhich iare ialready ibeing iprepared iand ibeing iimplemented. 

 Radar-Based iDrone iDetection iSystems i 

 Acoustic-Based iDrone iDetection i 

 Bi- iand iMultimodal iDrone iDetection iSystems i 

 UAV iDetection iand iClassification 

2.2.1 iRadar-Based iDrone iDetection i 

Radar iis ia itraditional isensor ithat iprovides ithe irobust idetection iof iflying iobjects iat 

ilong-range idistances iand ialmost iuninfluenced iperformance iin iunfavorable ilight iand 

iweather iconditions i[14]. iAs iradar isensors iare imostly idesigned ifor idetecting ihigh ivelocity 

iballistic itrajectory itargets isuch ias imilitary idrones, iaircrafts, iand imissiles, ithey iare inot 

isuitable ito idetect ismall icommercial iUAVs ithat ifly iwith irelatively ilower inon-ballistic 

itrajectory ivelocities i[15]. iWhile iradar isensors iare iwell-known ias ireliable isolutions ifor 

idetection, itheir iclassification iabilities iare inot ioptimal i[16]. iSince iUAVs iand ibirds ihave ikey 

icharacteristics ithat ioften imake ithem idifficult ito idistinguish, ithe iabove-mentioned 

idrawback iof iradar isensors imakes iit ian iunprofitable isolution ifor ithe iclassification itask iof 

iUAVs iand ibirds. iThe icomplexity iof iinstallation iand ihigh icost iof iradar isensors iare iother 
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ireasons ithat inecessitate ia irelatively ilow-cost ianti-drone isystem2.2.2 iSystems iusing iedge 

idetection itechniques i 

2.2.2 iAcoustic-Based iDrone iDetection i 

Relatively ilow-cost iacoustic idetection isystems iuse ian iarray iof iacoustic isensors ior 

imicrophones ito iclassify ispecific iacoustic ipatterns iof iUAV irotors, ieven iin ilow ivisible 

ienvironments i[17]. iHowever, ithe imaximum ioperational irange iof ithese isystems iremains 

ibelow i200–250 im. iAdditionally, isensitivity iof ithese isystems ito ienvironment inoise, 

iespecially iin iurban ior inoisy iloud iareas iand iwind iconditions, iinfluences idetection 

iperformance. 

2.2.3 iBi- iand iMultimodal iDrone iDetection iSystems i 

As iwe ican isee, ieach iof ithese imodalities ihas iits ispecific ilimitations, iand ia irobust 

ianti-drone isystem imight ibe icomplemented iby ifusing iseveral imodalities. iIn iorder ito 

idevelop ia icost-efficient idrone imonitoring isystem, isome iresearchers i[18] iconsidered 

icomposing ia isensor inetwork iwith idifferent itypes iof isensors. iDepending ion ithe inumber iof 

isensors iused ifor ithe idetection itask, ibimodal iand imultimodal idrone idetection isystems ican 

iexist i. iTo iimprove idetection iaccuracy, ia ibimodal idrone idetection isystem ican icombine itwo 

idifferent imodalities isuch ias icamera iarray iand iaudio iassistance, icamera iand iradar isensors, 

iand iradar iand iaudio isensors i[19]. iMeanwhile, ia imultimodal idrone idetection isystem ican ibe 

iperformed iwith ithe isimultaneous iuse iof iacoustic iarrays; ioptical iand iradar isensors; ior 

isimple iradar, iinfrared, iand ivisible icameras—as iwell ias ian iacoustic imicrophone iarray i[20]. 

iTherefore, ia imaximal isystem iperformance ican ibe iachieved iby ifusing iseveral idrone 
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idetection imodalities. iHowever, iour ifocus iis ithe iapproach ithat iuses icamera iimages iand 

icomputer ivision ialgorithms. 

Chapter i3: iInterfacing iand iDetection i 

This ichapter idescribes ithe iproposed imethodology iand ithe iautomatic idrone idetection isystem 

iis ialso ioutlined. iFirst, ion ia isystem-level iand ithereafter iin ideeper idetail, iboth iregarding ihardware 

icomponents, ihow ithey iare iconnected ito ithe imain icomputational iresource, iand ithe iinvolved 

isoftware. 

As ipointed iout iin i“Most iof ithe iresearch iin ivisual idrone idetection ifails ito ispecify ithe itype iof 

ithe iacquisition idevice, ithe idrone itype, ithe idetection irange, iand ithe idataset iused iin itheir iresearch. 

iThese idetails iare ikey ito ivalidate ithe iwork iand imake iit icomparable iwith irelated iliterature”. iHence 

ithe ihardware iused iis iinitially ispecified iin idetail. 

After ithat ifollows ia idescription iof ithe isoftware irunning iin ithe idrone idetection isystem iwhen 

iit iis iactive, iincluding ithe igraphical iuser iinterface. iThe isupport isoftware iused ifor isuch itasks ias ito 

icollect idata, ito iset iup ithe idetectors iand ito ievaluate ithe iperformance iafter itraining iis ialso idescribed. 

iFor iall iparts ithat iinclude ia imachine ilearning ifeature, ithe itraining iprocess iis ialso ipresented. 

Finally, ithe imethods iused ifor ithe icomposition iof ithe idrone idetection idataset iare idescribed, 

iincluding ithe idivision iof ithe idataset iac- icording ito ithe isensor itype, itarget iclass iand isensor-to-target 

idistance ibin. 

3.1 iProposed iMethodology 

An iefficient idrone idetection isystem imust ihave ithe icapability ito iboth icover ia ilarge ivolume 

iof iairspace iand iat ithe isame itime ihave ithe iresolution ienough ito idistinct ithe idrone ifrom iother 



14 i| iP a g e  

 

iobjects. iCombining iwide iand inarrow ifield iof iview-cameras iis ione iway ito iaccomplish ithis. iAnother 

iway, ishown iin i[21], iis ito iuse ian iarray iof ihigh-resolution icameras. iSince ithis ithesis iincorporates 

ionly ione iinfrared isensor, iwith ia ifixed ifield iof iview, ithere iis ino ipossibility ito ihave ineither ia iwide- 

iangle iinfrared isensor ior ian iarray iof isuch isensors. iThe iproposed iway ito iachieve ithe idesired ivolume 

icoverage i iis ito ihave iit ion ia imoving iplatform. iThis iplatform ican ithen ieither ihave iobjects iassigned ito 

iit ior isearch iby iitself, iat imoments iin itime iwhen ithe isensors ion iit iare inot ibusy idetecting iand 

iclassifying iobjects. 

To ibe iable ito ireact ito imoving iobjects iand ialso ito ihave ithe iability ito itrack ithose, ithe 

icombined itime-constraints iof ithe idetection icycle iand ithe icontrol iloop iof ithe imoving iplatform 

imeans ithat ithe isystem imust iwork iin iclose ito ireal-time. iHence, iall ithe idetection iand iclassification 

iprocesses imust ibe idone iefficiently iand iwith ias ilittle idelay ias ipossible. iThe ifeedback iloop iof ithe 

imoving iplatform imust irun iat isub-second ispeed. 

To ibe iable ito iput itogether isuch ia isystem, iinvolving iboth iseveral isensors iand imechanical 

ipart imakes ithe iimportance iof ichoosing ithe iright imethods icritical. iWhile ireviewing ithe itheoretical 

ifoundations iof imachine ilearning itechniques, iand iat ithe isame itime ilook iat ithe ipractical iresults 

ireported isuch imethods ican ibe ifound. 

This ithesis iwill iutilize ithree imachine ilearning itechniques. iTwo iof ithese iare isupervised, iand 

ione iis iunsupervised. iFirst, iit ihas itwo idetectors iand iclassifiers ibuild iaround ithe iYOLOv2-

architecture i[22]. iBoth ithese ican ibe iseen ias ia iform iof itransfer ilearning isince ithe ifeature iextraction 

iparts ibuild ion ian ialready-trained inetwork. iThe iYOLOv2- inetworks iare itrained iusing ia idataset iwith 

ian iannotated iground itruth. iHereinafter, iin ithis ithesis, iby idetection iwe imean ithe iprocess iof iboth 

idetecting ithe iarea iwhere ithe iobject iis iin ian iimage iand ithe iclassification ithat iassigns iit ito ione iof ithe 

ilabels ior iclasses ifound iin ithe iground itruth iof ithe itraining idataset. 
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Finally, ian iunsupervised itechnique iis ialso iused iin ithe idrone idetection isystem. iThis iis ibased 

ion ithe isegmentation iof iimages iusing iGMM ibackground isubtraction iBy iemploying ithis iimage 

isegmentation, ithe isystem ican ifind imoving iobjects iin ithe ifield iof iview iof ithe iwide-angle icamera. 

iThis iwill ialso ibe ireferred ito ias idetection ieven iif iit idoes inot iinvolve ia iclassification iof ithe iobject 

iseen ias iin ithe iYOLOv2- icase. iSince iwe iare inot iproviding ithe idetector iwith iany iground itruth iof 

iwhat iis iforeground iand ibackground, ithis iprocess ifalls iunder ithe icategory iof iunsupervised imachine 

ilearning itechniques. 

One iof ithe iconclusions ifound iin ithe irelated iwork iis ithat ito ibe iable ito idetect ithe idrones iwith 

ihigh ienough iefficiency, ithe isystem imust ialso irecognize iand ikeep itrack iof iother iflying iobjects ithat 

iare ilikely ito ibe imistaken ifor ia idrone. iFor isome iof ithese idrone-like iobjects, ithis iis iindigenous ihard, 

ie.g., ibirds. iFor iothers, iit iis itechnically ipossible isince isome iof ithem iannounce itheir ipresence iand 

ilocation ivia iradio. iThe itechnical isystem ifor ithis iis ithe iADS-B, iover iwhich imost iaircraft iregularly 

itransmit imessages iwith ivaried icontent. 

Combining ithe idata ifrom iseveral isensors iunder ithe itime iconstraints idescribed iabove imust 

ibe ikept isimple iand istreamlined. iThis itogether iwith ithe ifact ithat ivery ifew ipapers iare iexploring 

isensor ifusion itechniques iis ithe imotivation ito ihave ia isystem iwhere ithe iinclusion iand iweights iof ithe 

isensors ican ibe ialtered iat iruntime ito ifind ia ifeasible iset- iting. 

To ibe iable ito iaccomplish ithe inecessary itraining iof ithe idetectors iand iclassifiers, ia idataset iis 

ialso icollected. iThe iannotation iof ithis iis idone iso ithat ithe idataset ican ibe iinspected, iedited, iand iused 

iby iothers. iThe ifact ithat ithe idatasets ifor ithe ithermal iinfrared iand ithe ivisible ivideo isensors iare 

icollected iunder ithe isame iconditions, iand iusing ithe isame itargets iensures ithat ia icomparison ibetween 

ithe itwo isensor itypes iis iwell-founded. 
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3.2 iSystem iArchitecture i 

In ithe iArchitecture iwe iare iusing ia iwebcam ias ia iprimary iOptical isensor iwhich iwill iact ias ian 

ieye ito icapture ithe iimage iof ithe iobjects iduring iscanning iprocess. iThe ilive ifeed iof ithe iwebcam 

iwould ialso ibe ivisible ion ilaptop. iIn ithis iproject iwe iare iusing ilaptop ifor iimage iprocessing ion ipython 

iusing iYOLO iV5. iThe ilive ifeed iwould iundergo iprocessing ifor iwhich ithe imodel iis itrained, iit iwill 

ithen iextract ithe iobjects iif iany iusing ithe idata ibase. i iAnother ipart iof ithis isystem iis ithe 

imicroprocessor iwhich iis iArduino iUno iin iour icase. iArduino iis icontrolling ithe iStepper imotors 

iallowing ithem ito irotate ithe iwebcam iwhile iscanning. i iThe iblock idiagrams iof itwo isystems iinvolved 

iin ithe iarchitecture iof ithis imodel iare ishown ibelow i 

 

 

 

Figure i2: iThe isystem iarchitecture 
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3.3 iHardware 

The ibase iof ithe imount iis imade iup iof iAcrylic iwhich iis ihard ienough ito ibear ithe iweight iof 

iCamera. iThe istepper imotors iare ifixed iwith ithe ihelp iof iscrews ithe imount ihave isufficient iventilation 

ito ikeep ithe ielectronic idevices icool. iThe isize iof ithe imount iis i1 isquare ifoot iwhich imakes iit ivery 

ihandy iand ieasy ito ibe icarried iand ideployed ion idifferent ihigh ilocations. 

 

Figure i3: iOptical iSky iScanner 

Just ias iin ithe idesign iof iany iembedded isystem, ithe ipower iconsumption iof ithe isystem 

icomponents ihas ialso ibeen itaken iinto iconsideration, ibattery ialong iwith ia ipower iadapter ias ia 

istandby iis iarranged ifor ithis ipurpose. i 
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3.3.1 iWebcam 

A iwebcam iis iused iscan ithe iarea iin ithe ivisible irange. iWhile iscanning ithe icamera 

iwould iread ithe iframes iand ias isoon ias ia idrone icomes iin iits iway iit iwill istart ihighlighting iits 

ipresence iwhich iwould ibe ilive iand ican ibe iseen ion ithe ilaptop. 

3.3.2 iPan/tilt iplatform iusing istepper imotors i 

In iorder ito idetect itargets iin ia iwider ifield iof iview iup ito i180 idegrees iin iazimuth iand 

i180 iin ielevation, iNema i23 iStepper imotors iare iproviding ipan iand itilt ifor ithe icamera. iBoth 

imotors iare iconnected iwith imotor-drivers iseparately iwhich iare ithen iconnected ito ithe 

iArduino iUno. iSince iNema i23 istepper imotors ihave i200 itotal isteps iso ithese iare ifurther 

idivided iinto i3200 isteps ito iincrease ithe iaccuracy iand imake ithe imotion iof ithe icamera ifree iof 

ijerks. i i 

 

3.3.3 iLaptop 

The ifinal ipresentation iof ithe iscanning iand idetection iof ithe iobjects iafter ithe iimage 

iprocessing iof ithe ilive ifeed iis ishown ion ithe ilaptop. i 
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Chapter i5: iConclusion i i 

In ithis ipaper, iwe ipropose ian ioptical isky iscanner ifor ithe idetection iand iidentification iof iobjects 

iespecially iDrones iby imaking idecision ibased ion iimage iprocessing iand imachine ilearning. iThis 

isystem ihas ishown ithat ieven iwith isimple iartificial iintelligence, ithe iperformance iis ivery ipromising. 

iAll isystems iwere iactually iimplemented iand itraining idata iwere icollected ifrom ithe idifferent 

isources. iWith ismall iamount iof ieasily icollectable itraining idata, ithe isystem istill ishowed igreat 

iaccuracy, iwhich imakes iit imore iappealing 

 

Chapter i6: iFuture iWork 

For ifuture iwork, iwe iwould ilike ito iintegrate isensors iwhich ican iaccurately ipin ipoint ithe ilocation iof 

iobject iin ithe iair. iWe iare ialso ilooking iforward ito iintroduce itracking iof iobject iby ithe icamera ionce 

ithe iobject iis idetected. iWe iwill ifurther imore iintegrate isensors iwhich ican igive icontinuous ifeedback 

iabout ithe icurrent iposition i(in iform iof iangles) iof icamera iwhile ithe iit iis iin iscanning imode. 
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