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ABSTRACT 

 

 

In ithis ipaper, iwe iare ipresenting ian iapproach ifor iHuman-Computer iInteraction, iwhere iwe 

ihave itried ito icontrol iour imouse icursor imovements iand ifunctionalities ilike iclicking, 

idragging, iand ia ifew imore iusing ihand igestures iwith ithe ihelp iof ieither icolored itapes ior ihand 

igloves. iOur ione iand ithe ionly isensor iis ithe iwebcam ithat iis ipresent iin iour ilaptops. iHand 

igestures iwere iacquired iusing ia icamera-based icolor idetection itechnique. iIn ithis iproject, iour 

imain ifocus iis ion ihow ito iuse iour iWeb iCamera ito idevelop ia ivirtual iinteraction ibetween 

ihumans iand imachines iin ithe imost icost- ieffective imanner 
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Chapter i-1 iINTRODUCTION 

 

 
 

 Introduction 

 
The imost iefficient iway iof ihuman icommunication iis ithrough ihand igestures, iwhich iis ia 

iuniversally iaccepted ilanguage. iIt iis iexpressive isuch ithat ithe idumb iand ideaf ipeople icould 

iunderstand iit. iIn iit ia ireal itime igesture isystem iis iproposed. iExperimental isetup iof ithe 

isystem iuses ifixed iposition iwith ia iweb icamera irecording ifeature imounted ion ia imonitor ior 

ia ifixed icamera ion ia ilaptop, iwhich icaptures ia isnapshot iusing iRGB icolour ispace ifrom ia 

ifixed idistance. 

 

This iwork iis idivided iinto iseveral istages: iimage ipre-processing, iregion iextraction, ifeature 

iextraction, ifeature imatching. iRecognition, iinterpretation iof isign ilanguage iis ione iof ithe 

iissues ifor icommunication iwith idump-deaf ipeople. iIn ithis iproject ia ihand igesture 

isegmentation itechnique ihas ibeen iproposed ibased ion ithe ipre-processing, ibackground 

isubtraction iand iedge idetections. 

 

In iwork, ithe ipre-processing itechniques iare icreated ion ithe ibasis iof idifferent itypes iof 

icombinations ifrom ihand igesture iimage iprocessing ioperations isuch ias icapturing iimage, 

iremoving inoise, iand iedge idetection iand ithese iimage ipre-processing imethods iare idiscussed 

ias ifollows. 

 

Initially, ithe ihand igesture iimages iare icaptured ifrom ithe ivision icamera, ithe ihand igestures 

ican ibe iobserved iwith iinterfaces ithat iaccurately irecord ievery iabduction iangle. iThe 

iinterfaces ineed ithe iuser ito ibe ihitched ito ithe ilaptop, iall iminimizing itime ito iuser icomfort 

iinterface, ivision-based iinterfaces iprovide iunencumbered iinteractions iwith ihumans. 

 

The iproject icovers ia irecognition itool iwhich icould ibe iused ito imove ithe imouse ipointer, 

iperform ioperations ilike iclicking iand igesture ioperations ilike imoving ifiles ifrom icomputer ito 

icomputer iperforming isimple ibut ifascinating ioperations ithat icould ibe icovered iwith ihand 

irecognition. 
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 Problem iStatement 

 

The isystem iconsists iof ithe imouse iand itrackpad isystem iof imonitor icontrolling iand ithe inon- 

iavailability iof ia igesture isystem. iThe iremote iaccess ito ithe iscreen iusing ia ihand igesture iis 

iunavailable. iThough iit iis itrying ito iimplement ithe iscope irestricted iin ithe ifield iof ivirtual 

imouse. iThe iexisting ivirtual imouse icontrol isystem iconsists iof ithe isimple imouse ioperations, 

iwhere iwe icould iperform imouse ioperations ilike imouse ipointer icontrol, iright iclick, idrag 

ietc. 

 
 Objectives 

 
 
To ifocus ion ihelping ipatients iwho idon’t ihave icontrol ion ilimbs iand ito iimprovise ithe 

iinteraction ibetween ithe imachine i& ihumans. iGreater irecognition ican ibe iused ifor 

iapplications ilike isign ilanguage irecognition ifor ideaf iand idumb ipeople ietc. 

 

Our imotive iwas ito icreate ithe itechnology iin ithe icheapest ipossible iway. 

 
This isystem iis imainly iaimed ito ireduce iuse iof ihardware iattached ito icomputers. 

 

 

 Methodology 

 
 
In ithe iMethodology, ithe imethod iused iin isystems iwill ibe iexplained ias: 

 Camera iSettings 

 
 

The iruntime ioperations iare imanaged iby ithe iwebcam. iTo icapture igiven ivideo, iwe ineed ito 

icreate ia iVideo iCapture iobject. iIts iarguments ican ibe idevice iindex ior iname iof ivideo ifile. 

iDevice iindex iis ia inumber igiven ito ispecify iwhich icamera. iSince iwe iare ionly iusing ia isingle 

icamera, iwe ipass iit ias i‘0’. iWe ican iadd iadditional icameras ito ithe isystem iand ipass iit ias i1 iso 

ion. iThen iyou icapture iframe-by-frame. iBut iat ithe iend irelease ithe icapture. iWe icould ialso 

iapply icolour idetection itechniques ito iany iimage. 
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 Capturing iFrames 

 

 
We iuse ian iinfinite iloop iso ithat ithe iweb icamera icaptures iframes iin ievery iinstance iand iis 

iopened iduring ithe ientire iprogram. iWe icapture ilive istreams, iframe iby iframe. iThen iwe 

iprocess ievery iframe iwhich iis iin iRGB icolour ispace ito iHSV icolour ispace. iThere iare iabout 

i150 icolour- ispace iconversion imethods iprovided iin iOpenCV. iBut iwe iwill ibe iusing iBGR 

ito iGray iand iBGR ito iHSV. 

 
 Masking iTechnique 

 
 

The imask iis icreating ia ispecific iregion iof ithe iimage ifollowing icertain irules. iWe icreate ia 

imask ithat iconsists iof ian iobject iin ired icolour. iThen iperform ibitwise i‘AND’ ioperation ion 

ithe iinput iimage iand ithe iThreshold iimage, iwhich ihighlight ionly ired icoloured iobjects. iThis 

iresult iof ithe i‘AND’ ioperation iis istored iin ithe iresult ivariable. iWe idisplay iframes, iresend 

imasks ion iseparate iwindows iusing iimshow() ifunction. 

 
 Display ithe iframe 

 
 

The iimshow() ifunction iof iHighGui iand iit iis ito icall ithe iwaitKey(). iThe iprocessing iof ithe 

iloop iof ithe iimshow() ifunction iby icalling iwaitKey(). iThe ifunction iwaitKey() iwaits ifor ia 

idelay. iWindows ievents ilike iredrawing, iinput, iresizing ietc. iare iprocessed iby iHighGui. iSo, 

iwe icall ithe iwaitKey iwith imin. idelay. 

 
 Mouse iMovement 

 
 

First icalculate ithe icentre iof iboth idetected iobjects iwhich iwe ido iby itaking ithe iaverage iof 

ithe ibounding iboxes imax iand imin ipoints. iNow iwe iget itwo ico i- iordinates ifrom ithe icentre 

iof ithe iobjects. iWe ithen ifind ithe iaverage iof ithose iand iwe iget ithe ired ipoint. iWe iconvert 

idetected ico- iordinate ifrom icamera ito iactual iscreen iresolution. iThen iwe iset ithe ilocation ias 

ithe imouse ipointer ito imove ithe ipointer. iIt iwill itake itime. iSo, iwe iwait itill ithe ipointer 

ireaches ia igiven ipoint. iWe istarted ia iloop iwhere iwe istand iidle. iWe iare iwaiting ito icheck iif 

ithe icurrent imouse ilocation iis ithe isame ias ithe iassigned imouse ilocation. iThus, iperforming 

iopen igesture. 
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 Clicking 

 
 

Next iis ito iimplement ithe iclose igesture. iThe ioperation iis iperformed iby iclicking ion ian 

iobject iand ithen idragging iit. iHere iwe ihave ione iobject iso iwe ineed ito icalculate ithe icentre iof 

iit. iAnd ithat ithen ibe iplaced ion ithe ilocation iwhere iwe iposition ithe imouse ipointer. iWe iwill 

ibe iperforming ia imouse ipress ioperation. 

 
 Drag 

 
 

To iimplement idragging iwe iuse ia ivariable i‘pinch_flag’. iIt iwill ibe iset ito i‘1’ iif, iwas iclicked 

iearlier. iSo iafter iclicking iwe ifind ithe iopen igesture iand icheck iif ithe ipinch_flag iis iset ito i1. 

iIf, iset ito i‘1’ ithen iDrag ioperation iis iperformed ielse ithe imouse ioperation iis iperformed. 

 
 DnD 

 
 

First icreate ia iMyFileDropTarget iclass. iInside ithat iwe iimplement ian ioverridden imethod, 

iOnDropFiles iwhich iaccepts ithe ix/y iposition iof ithe imouse iwith ithe ifile ipaths iwhich iare 

idropped. 

 
 Organisation 

 
Chapter i1: iHighlights iand iUnderlines inovel icamera ivision-based icursor icontrol isystem, 

iusing ihand igestures icaptured ithrough ia icolour idetection itechnique. 

Chapter i2: iThe initty igritty iwriting iaudit ifrom ithe iexploration ipaper, ibooks iand igatherings 

iare ifinished. iIn ithis ipart, ithe iconcentrates ifrom igrouped iresearch ipapers ion iVirtual 

iMouse, iHand iGestures, iImage iCapture iand iProcessing. 

Chapter i3: iCover iframeworks iimprovement iwhich iis ithe ikey ipart iof ithe iwork. iIn ithis ipart, 

ithe iproposed idemonstration, iUML icharts iand irelated iparameters iare iaccentuated. 

Chapter i4: iThe iusage icomes iabout iwith ithe irelative iexecution iinvestigation ithat iappears iin 

ithis ipart. iThe ire-enactment iresults iand iscreen icaptures iare iuncovered ito iprotect ithe iproposed 

iwork. iChapter i5: iDetailed iconclusion iabout iwork iwhich idirects ithe iforthcoming 

iunderstudies iand iresearch iresearchers ito iimprove ithe iflow iwork iwith ihigher iproficiency 
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iand iadequacy iby iusing ihand igestures ithrough ia icolour idetection itechnique. 
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Chapter i-2 iLITERATURE iSURVEY 

 

 
 Literature iSurvey 

 

We ican iperform iCursor icontrol iusing imany imethods, ibut iin igeneral imost iof ithe itime iwe 

imake iuse iof iData iGloves. iIn iour iproject iwe iare iusing icoloured itapes ifor igesture 

iidentification iand iour ionly isensor iis iour ilaptop iwebcam. iA iData iGlove iis ian iinput idevice 

iwith imany isensors iattached ito iit iand iused ito isense ihand imovements iand igestures. iThis 

ileads ito ireduction iin ithe iefficiency iof iperformance ibetween ithe iuser iand iour isystem. iDue 

ito icontinuous iand icomplex icalculations ithat iare ibeing iperformed ithe isystem iit iwas 

iobserved ithat isystem icomplexity ialso ibecame ian iissue iin ithis iprocess. 

There icould ibe itwo ipossible igesture irecognitions ifor iHCI. iGesture irecognition icould ibe 

ihardware ibased iand ianother ione icould ibe icomputer ivision. 

One iof ithe iearliest ihardware-based isystems iwas iproposed iby iQuam iin i1990. iIn ithe istudy 

iproposed iby iQuam iusers ineeded ito iwear ia iheavy iand iuncomfortable iData iGlove ito iuse 

ithe isystem. iEven ithough ithis imethod igives ia ihigh iaccuracy icontrol, iit iwas iobserved ithat 

iit iwas ivery idifficult ito iuse ias isome iof ithe igestures iare inot imeant ifor ievery iindividual iand 

ialso ivery iimpractical ifor ia ilarge inumber iof iusers iin ieveryday ilife iin ithe iworld. 

The ivision-based ihand igesture irecognition iis ialso iof itwo itypes. iThey ican ibe icategorized 

iinto imarker-based iand inon-marker ibased. iIn icase iof inon-marker-based irecognition, 

iaccuracy iis iin igeneral iis inot ias igood ias iin ithe icase iof ia imarker-based irecognition. iMarker 

ibased irecognition ihas ibetter iaccuracy ias icompared ito ithe iother igesture irecognition 

isystems, ieven ithough ithe inumber iof icoloured icaps iused iis ionly ione. iThis iway iis ilighter iin 

icomparison ito ithe iData iGlove iof ithe ihardware-based isystem. 

Gesture irecognition imight ibe ia ivery iadvanced iway ifor ithe icomputers ito iunderstand ihuman 

igesture iand ibody iLanguage. iUsing iData iGloves iwill ibuild ia igreater iand ibetter iinteraction 

ibetween ihuman iand icomputer imachines irather ithan iold iand iprimitive itext-based 

iinteraction. iGenerally, iin icase iof ia imarker-based igesture irecognition imouse iuses iat ileast 

itwo-colour imarkers ito itrack ithe imovements iand igestures. 

As iwe iare imaking iuse iof imultiple icolours, ithe isystem iis icomparatively islow iand isome 

ilaggings iappear ion ithe isystem iduring ithe itime iof iexecution. iIn i2010, iChenChiung iHsieh iand 

iDung-Hua 
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Liou iproposed ia ipaper i“A iReal-Time iHand iGesture iRecognition iSystem iUsing iMotion 

iHistory iImage'' iwhich iwas ibased ion ian iadaptive iskin icolour imodel iand imotion ihistory 

iimage. iIn itheir ipaper ithey iused ian iadaptive iskin icolour imodel iand ia imotion ihistory iimage 

ito idetect ithe idirection iof imotion ias iwell ias iamount iof imovement. iThe iMain ilimitation iof 

itheir isystem iwas ia iproblem ithat iwas iassociated iwith iincreasing icomplexity iof igestures iand 

imovements. 

In i2011, iChang-Yi iKao iand iChin-Shyurng ipublished ia ipaper ititled i“A iHuman-Machine 

iInteraction iTechnique: iHand iGesture iRecognition iBased ion iHidden iMarkov iModels iwith 

iTrajectory iof iHand iMotion'' ithat iis ia ilearning-based iinteraction ibetween ihuman iand 

imachine. iTheir iwork iis ihighly iaccurate ibut iit iworked iwell ionly iin ihigh iconfiguration 

icomputers. 

In i2013, iAngel, iNeethu. iP.S iproposed ia ipaper inamed i"Real iTime iStatic iand iDynamic 

iHand iGesture iRecognition" iwhich iis ibased ion idesigning, ideveloping iand istudying 

ipractical igesture irecognition ithat ican iwork iwhen iit icomes ito ivarious iand icomplex ihuman 

iand icomputer iinteractions iwhich iare iapplicable iin ireal itime. iEven ithough iit iwas ipractical 

ion imany ilevels, iit iwas iunable ito iwork iwith ia icomplex ibackground. iIt iwas icomputable 

iwhen ia iproper iouter ienvironment ilike iproper ilighting iwas iprovided. 

In i2013 ianother ipaper ititled i“Cursor iControl iSystem iUsing iHand iGesture iRecognition 

i“was ireleased iby iAshwini iM. iPatil, iSneha iU. iDudhane, iand iMonika iB. iGandhi. iIn itheir  

iwork ithey idesigned iand ideveloped ia imachine-user iinterface iwhich iimplemented ihand 

igesture irecognition iusing icomputer ivision iand imultimedia ialgorithms. iBut ia imajor ilimitation 

iwas irecognized iwhile iworking iwith ialgorithms idealing iwith icomparison iof idifferent ihand 

igestures. iMajor ichanges ilike iskin ipixel idetection iand ihand isegmentation ifrom istored 

iframes ineeded ito ibe idone ibefore iimplementing ithese ialgorithms ifor idetecting igestures. 

Another ipaper ititled i“Mouse iControl iusing ia iWeb iCamera ibased ion iColour iDetection” 

iwas iproposed. iMethodology iin icase iof ithis iwork iinvolved iacquiring ihand igestures iusing ia 

iwebcam. iThe ilimitations ithat iwere iobserved iwith itheir isystem iwas ione ithat iwas irelated ito 

ithe ioperating ienvironment ithat ihas ito ibe ilighted ienough iwith ino ibright icoloured iobjects. iIt 

iworks iwell ionly ion icertain icomputers iwith ihigh iconfiguration. iIn i2016, iYimin iZhou, 

iGuolai iJiang i& iYaorong iLin ipublished itheir iwork ititled i“A inovel ifinger iand ihand ipose 

iestimation itechnique ifor ireal- itime ihand igesture irecognition” iwhich iwas ibased ion idirect 

iextraction iof ifingers ifrom ihand iby idetecting iedges. iIf iwe iconsider ithe ihand’s igeometrical 

icharacteristics, ithe ihand ipostures ibecome isegmented iand idefined iby icharacteristics isuch ias 

ifinger ipositions, ipalm i(which iwill ibe iour icentre) ilocation iand iposition iof iwrist. iIt iwas 
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iobserved ithat ithis imethod iwas ionly icompatible iwith ihigh iconfiguration icomputer imachines. 
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In i2016, iSaurabh iSingh, iPooja iKumari, iand iVinay iKumar iPasi idesigned iand ideveloped 

i“Cursor iControl iusing iHand iGestures” iwhich iis ia isystem ibased ion imultiple icolour ibands 

ior itapes iwhere idifferent icolours iwere iused ito iperform idifferent iactions. iThe ivariety iof 

icolours iused iis ia ikey ivariable ithat idetermines ithe inumber iof ifunctions ithat ican ibe 

iperformed. iMultiple icolours iwere iused ito icontrol ithe isystem. iTheir isystem irelied ion ithe 

inumber iof icolours ito iperform ia ifunction iinstead iof idifferent igestures. 

A isystem iin i2017 iwas ideveloped ititled i“Hand iGesture iRecognition ifor iHuman-Computer 

iInteraction” iby iAashni iHaria, iArchanasri iSubramanian, iNivedhitha iAsokkumar, iand 

iShristi iPoddar, iJyothi iS iNayak. 

In ithe istudy iheld iby iErden iet ial iand iHojoon iPark, iErden iet ial ihad iused ia icamera iand 

icomputer ivision itechnology. iComputer ivision itechnology isuch ias igesture irecognition iand 

iimage isegmentation iwere iused ito icontrol imouse ifunctions. 

Our iproject iwas iinspired iby ia ipaper iof iHojoon iPark iand iErden iet ial iwhere ithey iused 

iComputer ivision itechnology iand iwebcam ito icontrol imouse ifunctions iand iactivities. iIn icase 

iof itheir iproject, ithey iused ifinger-tips ito icontrol ithe imouse icursor iand ithe iangle ibetween 

ithe ithumb iand iindex ifinger idetermined ithe itype iof iclicking iactions. iThe iwork iby ichu-Feng 

iLien imade iuse iof ian iintuitive imethod ito idetect ihand imotion. iThey iused iMotion iHistory 

iImages ito idetermine ithe idirection iof imovement. iIn ithis iapproach ionly ithe ifingertip iwas 

iused ito icontrol iboth ithe icursor iand imouse iclick. iIn ihis iapproach ithe iuser ineeds ito ihold ithe 

imouse icursor ion ithe idesired ispot ifor ia ispecific iperiod iof itime ifor iperforming iclicking 

ioperations. iKamran iNiyazi iused ia iwebcam ifor idetecting-coloured itapes iand ithen icalculated 

ithe icentroid iat irun itime iand itracked ithat icentroid ito iperform icursor imovements. iAgain, 

ihere ithe iclicking iactions iwere iperformed iby icalculating ithe idistance ibetween itwo 

icoloured itapes iin ithe ifingers. 

In ia ipaper ipublished iby iK iN iShah iet ial, ihe iused isome iof ithe iinnovative imethods ifor 

ifinger itracking ithat iare iused ito iinteract iwith ia icomputer isystem iusing icomputer ivision. 

iThey idivided ithe iapproaches iused iin iHuman iComputer iInteraction iinto itwo imain ifactors: 

ifirst iHCI iwithout iusing iinterface iand isecond iHCI ialong iwith iinterface. iThey ihave 

imentioned isome iuseful iapplications iusing ifinger itracking ithrough icomputer ivision 

itechniques. 

 
 OpenCV 

 

Computer iVision iis iprogramming ia icomputer ito iprocess iand iunderstand iimages ior isimply 
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isaying imaking ia icomputer isee. iSolving ismall iparts iof iComputer iVision ichallenges, icreates 

inew 
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possibilities iin itechnology, iengineering. iTo iadvance ivision iresearch iand idisseminate ivision 

iknowledge iwhich iis icritical ito ihave ia ilibrary iof iprogramming ifunctions iwith ioptimizing 

iand iportable icode. iAn ioriginal igoal iof ithe iIntel iteam iwhen iOpenCV i(Open-Source 

iComputer iVision iLibrary) iwas ilaunched. 

A inumber iof iprogrammers icontributed ito irecent ilibrary idevelopments. iThe ilatest ichange 

iin iOpenCV i2 iwas ito iinclude imain ichanges ito ithe iC++ iinterface. 

Nowadays ithe ilibrary ihas imore ithan itwo ithousand ifive ihundred ioptimized ialgorithms. 

iExtensively ibeing iused iaround ithe iworld, ihaving i2.5M idownloads iand imore ithan i40K 

ipeople iin ithe iuser igroup. iOpenCV ican ibe iused iin iacademic iand icommercial iapplications. 

iTo imaster iOpenCV ilibrary iit iis inecessary ito iconsult ibooks iavailable ion ithe itopic iof 

iOpenCV. iAlthough ireading imore icomprehensive imaterial iafter icomprehending ia ibasic 

iidea iabout iOpenCV ifrom ithis ipaper. 

Some iof ithe imain iengine ifeatures iused iin iOpenCV iimplemented iprocessing itechniques 

iand imethods. iSeveral iOpenCV iimage iprocessing itechniques iand ialgorithms iare iknown ito ibe 

iwidely iused itoo. iConcept iof iimage ihistograms iis iexplored ifor iimage ianalysis. iA ihistogram 

iwhich iis ia itable ishows ia inumber iof ipixels ihaving ivalues iin ian iimage. iEntries iin ia 

ihistogram iare icalled ibins. iCalchist() ian iOpenCV ifunction icomputes ihistogram i. iFor 

ienhancing iimage icontrast ithe ifirst iidea iwould ibe ito ispread ian ioriginal inarrow irange iof 

iintensities ion ia ifull iavailable irange iwhich iis ia ilinear istretch. iAlthough, ithe ireal iproblem 

iis ithat isome iintensities iare iused imore ifrequently, iwhich iis ieasily ivisible ifrom ithe 

ihistogram iintensities idistribution. 

On ithe iidea ithat ia igood iquality iimage ishould ihave iequal iuse iof iall iavailable iintensities, iit 

ibrings ithe iconcept iof ihistogram iequalization, iwhich itries ito imake iimage ihistogram iflat. 

iEqualizeHist() ifunction iperforms ithis itask iof iOpenCV. iIntensity idistribution ican ialso ibe 

iunderstood ias ithe iprobabilities ithat ifew ipixels iwill ihave ia ispecific ivalue. iUsing ia 

ihistogram iback iprojection iwe iconstitute ia ibase ito idetect ispecific iimage icontent. 

The iback iprojection ireplaces ipixel ivalue iin ian iinput iimage iby ifinding iits icorresponding 

iprobability iwhich iwas iread iin ithe ihistogram, ithus iyields ia iprobability imap. iFurther, ithe 

iprobability imap iis iused ito idetect iobjects ion ithe iimage iwhich iuses ia imean ishift ialgorithm.  

iWhich iis ian iiterative iprocedure iof ilocating ilocal imaxima iof iprobability ifunction iby ifinding 

ithe iweighted icentroid iof ithe irespective idata ipoint iinside ia ipredefined iwindow. iThe 

irespective ialgorithm imoves ithe iwindow icentre ito ithe icentroid ilocation irepeating ithe isame 

iprocedure iuntil ithe iwindow icentre iconverges ito ia istable ipoint. iVisual itracking iis ione iof 

iextensive iuse iof imean ishift. iAddition ito ithat, ia imore iadvanced iversion icould ibe iused 
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iwhere ithe isize iand ithe iwindow iorientation ican ichange iand iis iimplemented iunder 

iCamShift ialgorithm. 
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Chapter i-3 iSYSTEM iDEVELOPMENT 

 

 

 System iRequirements 

 

The istructure iand iprogramming inecessities ifor imaking ihand igesture-based iapplications 

iusing iwebcam imounted ion ilaptop iare iaccording ito ithe iaccompanying: 

 
 Supported iOperating iSystems 

 
 

Windows iXP i(32-bit), iVista i(32-or i64-bit), ior iWindows i7 i(32-or i64-bit) iMac iOS iX 

i10.5.8 iGNU iC iLibrary i(glibc) i2.7 ior ilater iis irequired. 

• On iUbuntu iLinux, iadjustment i8 ior ilater iis irequired. 

• 64-bit iscatterings imust ibe iprepared ifor i32-bit iapplications 

 
 

 Supported iDevelopment iEnvironments 

 
 

Anaconda iopen-source idistribution iof iPython iprogramming ilanguages ifor icomputing 

ipurposes. iInclude idata iscience ipackages ifor iWindows, imacOs iand iLinux. 

Matlab ia imulti-paradigm iprogramming ilanguage, iNumerical icomputing ienvironment 

iallowing imatrix imanipulations, iplotting idata iand ifunctions iand icreation iof iuser iinterfaces. 

 
 Hardware irequirement 

 
 

Webcam iand iColoured iCaps: iFor ithis iproject iwe ineed ia iwebcam ifor icapturing iframes iof 

iimages ifor igesture irecognition. iHere iit iis iimportant ithat iwe iknow iabout ithe iframe icapturing 

irate iof iour iwebcam ifor igetting iproper iframes. iHere iinstead iof iHand iGloves iwe iare iusing 

icoloured icaps iof ired iand iblue icolour ito iperform ifunctions ilike ileft iclick, iright iclick, 

idragging iand ia ifew imore. 
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 EXISTING iSYSTEM 

 

The iexisting isystem iconsists iof ithe imouse, itrackpad isystem iof imonitor; icontrolling ithe 

inonavailability iof ia ihand igesture isystem. iThe iremote iaccess iof ithe imonitor iscreen iby 

ihand igestures iare iunavailable. iThough iwe iare itrying ito iimplement ithe iscope iin ia isimple 

irestricted ifield iof ivirtual imouse. 

The iexisting ivirtual imouse icontrol isystem icomprises imouse ioperations iusing ithe ihand 

irecognition isystem, iwhere iwe iperform ibasic ioperations ilike imouse ipointer icontrol, ileft 

iclick ietc. iAlso, ithe ihand irecognition ihas inot ibeen imade iuse iof. iEven iwhen ithere iare ia 

inumber iof isystems iwhich iare iused ifor irecognition, ithe isystem ithey imade iis ithe istatic 

ihand irecognition iwhich irecognizes ithe ishape imade iby ihand iand iby idefining iactions ifor 

ieach ishape, ilimited ito ia inumber iof idefined iactions; ia ilarge iamount iof iconfusion. 

 

 

 

 
 PROPOSED iSYSTEM 

 

Using ithe icurrent isystem iwhere ithere iare inumber iof iaccess imethods iavailable ifor ithe ihand 

iand imouse igesture ifor ilaptops, iusing iour iproject iwe icould imake iuse iof ithe iweb-cam iand 

iby irecognizing ithe igestures iwe icould icontrol imouse iand iperform ivarious ioperations ilike 

imouse ipointer icontrolling, iselecting ideselecting iusing ileft ior iright iclick iand ia iquick iaccess 

ifeature ifor ifile itransfer ibetween isystems ivia inetwork iLAN icable. iThe iproject iis ia iZero 

iCost ihand irecognition isystem, iwhich iuses ialgorithms ito idetermine ithe ihand iand iits 

imovements iand iby iassigning iaction ito ieach iand ievery imovement. 

Although iwe ihave imainly iconcentrated ion ithe imouse ipositioning, iits ipointing, iclicking 

iactions ialong iwith iaction ifor ithe ifile itransfer ibetween isystems iby ihand iaction iwith ispecific 

imovements. iThe isystem iwe iare iimplementing iwhich ihas ibeen iwritten iin ipython icode iand iis 

iresponsive iand iis iimplemented iusing ipython iwhich iis iplatform iindependent iwith iflexibility 

iand iis iportable iwhich iis idesirable iin icreating iprograms ifocused iwith ian iaim ifor icreating ia 

iVirtual iMouse iand iHand iRecognition isystem. iThe isystem iis iextendable iby idefining iactions 

ifor ithe ihand imovement 
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for idoing ispecific iactions. iIt icould ibe ifurther imodified ito iimplement iactions ifor ithe iset iof 

ihand igestures. 

 
 Usability 

 
 

To idevelop iand iimplement ian ialternative isystem ito icontrol imouse icursor. iThe ialternative 

imethod ito iit iis ihand igesture irecognition iusing ia iwebcam iand icolor idetection imethod. 

Tracking ifingertips ias imovable iobjects iand iutilizing iit ifor imouse ifunctions, ithe icamera 

ibeing ipositioned iin ia iway ithat iit ican isee ithe iuser’s ihands iin ithe iright ipositions. iThis ican 

ibe iused iwhere iwe ineed ispace, ifor ipatients iwho idon’t ihave icontrol iover itheir ilimbs iand 

ifor ipeople iwith isimilar icases. iA ivirtual imouse iwhich iwill iwork ionly ibased ion iwebcam 

icaptured iframes i& itracking ifingertips. 

 
 SYSTEM iDESCRIPTION 

 

Following iare ithe isteps ifollowed iin iour iapproach: 

(i) Capturing ireal itime ivideo iusing ia iweb icamera imounted ion ia ilaptop. 

(ii) Processing ievery iindividual iimage iframe. 

(iii) Flipping iimage iframes. 

(iv) Converting ieach iindividual iframe ito ia igrayscale iimage. 

(v) Colour idetection ito iextraction iof idifferent icolours ifrom ieach iflipped igrayscale iimage 

(vi) Converting idetected iimage iinto ia ibinary iimage. 

(vii) Finding iregions iof iimage iand ithus icalculating iits icentroid. 

(viii) Tracking imouse ipointer ithrough icoordinates iobtained ifrom ithe icentroid. 

(ix) Simulate ileft iclick iand iright i click i events iof i the i mouse iby iassigning 

i different icolour ipointers. 
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Figure i1: iDiagram iof ithe iSystem 
 
 
 
 

For ithe isystem ito iwork iwe ineed isensors ito idetect ithe ihand imovements. iThe iwebcam iof ia 

icomputer iacts ias ia isensor. iThe iwebcam icaptures ivideo iwith ifixed iframe irate iwith 

iresolution iwhich iis idetermined iby ithe ihardware iof ithe icamera. iThe iframe irate iwith 

iresolution ican ibe ichanged iin ithe isystem. iComputer iWebcam icaptures ithe iReal iTime 

iVideo.Video iis idivided iinto iframes ibased ion itheir iFPS. iProcessing ievery iframe. 
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Figure i2: iCapturing iReal iTime iVideo 
 
 
 

 Flipping iof iImages: 

 
 

When ithe icamera icaptures ian iinverted iimage. iIt imeans ithat iwe imove ithe ipointer itowards 

ithe ileft, ithen ithe ipointer imoves itowards ithe iright i& ivice-versa. iThe iimage iobtained 

istanding iin ifront iof ia imirror. iTo iavoid ithe igiven iproblem iwe ineed ito ivertically iflip ievery 

iimage. iThe iimage icaptured, ithus ian iRGB iimage iflipping iactions icannot ibe iperformed ion iit. 

iIndividual icolour ichannels iimage iseparated iand ithen iflipped iindividually. iFlipping ithe ired 

iand iblue icoloured ichannels, ithey iare iconcatenated ialso iflipped iobtaining iRGB iimage. 
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Figure i3: iFlipping iof ian iimage 
 
 
 
 

 Converting iFlipped iImage iinto iGrayscale iImage: 

 
 

Computational icomplexity igets ireduced iin igray iscale iimage ias icompared ito icoloured 

iimage. iFlipping iimage iis iconverted iinto ia igrayscale. iAll ioperations iare iperformed iafter 

iconversion iof ithe iimage iinto igrayscale. 

 Colour iDetection: 

 
 

An iimportant istep iin ithe iwhole iprocess. iThe ired, iblue icolour iobjects iare idetected iby 

isubtracting ithe iflipped icoloured isuppressed ichannel ifrom iflipped igray-scale iimage. 

iCreating ian iimage icontaining ithe idetected iobject ias ia ipatch iof igrey isurrounded iby iblack 

ispace. 
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Figure i4: iDetection iof iRed iColor 
 
 
 
 

 

 CANNY iEDGE iDETECTION iusing iOPENCV 

 
 

Using iCanny iedge idetection, ifollow iseveral isteps: 

Step i1: iDenoise iimage ibefore idetecting iedge iin iimage, iusually iuse iGauss ismoothing ifilter 

ito ireduce inoise; ieq(1) 

G(x,y) i= ie(pow(x2 i+ iy2)/ i2(sig)) i* i½(pi)(sig)sq. eq(1) 

Step i2: iOn iCalculating ithe igradient iamplitude iand idirection, ithe igradient idirection itakes 

ifour iangles iwhich iare i- i0, i45, i90, iand i135 idegrees; ieq(2), 

G i= isqrt(Gx2 i+ iGy2) eq(2) 

Theta i= iarc i= itan(Gx/Gy) eq(3) 

Gy, iGx iis ia ipair iof iconvolution iarrays. 

Step i3: iNon imaximum isuppression ileaves ionly ia ifew ifine ilines iby ieliminating inon iedge 

ipixels. 
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Step i4: iSelection iof ithe ihysteresis ithreshold irequires itwo ithresholds iwhich ieither iretain ior 

iexclude ipixels ifor iselection iof ithe iedge. 

The ipixel iis ireserved ias ian iedge ipixel, iif ithe iamplitude iof ithe ipixel iposition iis ihigher ithan 

iits ithreshold. iThe ipixel iis iexcluded, iif ithe iamplitude iof ithe ipixel iposition iis iless ithan 

ithreshold ivalue. iThe ipixel iis ireserved iif ithe iamplitude iof ithe ipixel iposition iis ibetween ithe 

itwo ithreshold ivalues, ionly icondition iis ithat iit iis ithen iconnected ito ia ipixel ihigher ithan ithe 

ithreshold ivalue. 

 
 Canny i() ifunction iin iOPENCV 

 
 

void iCanny iwhich iincludes irespective iparameters: iInput iArray iimage, iOutput iArray iedges, 

idouble ithreshold ione, idouble ithreshold itwo, iint iaperture iSize iof ithree, ibool iL2gradient 

idefault ifalse. 

This ifunction iincludes isix iparameters, ithe ifirst iparameter iis ithe iinput iimage, isecond 

iparameter iis ithe ioutput iimage, ithird iand ifourth iparameters iare ifor ithe ifirst ihysteresis 

ithreshold iand ifor ithe isecond ihysteresis ithreshold, ithe ififth iparameter iis ia isobel iparameter 

iwhich igives iidentification iof ithe iimage igradient imagnitude icalculation. 

 
 Conversion iof iGrayscale iinto iBinary iscale iImage: 

 
 

That igray iregion iof ithe iimage iobtained iafter isubtraction, ineeds ito ibe iconverted iinto ia 

ibinary iimage ifor ifinding iregions ifor ithe idetected iobject. iGrayscale iimage iconsists iof ia 

imatrix, iwhich icontains ithe ivalues ifor ievery ipixel. iThe ipixel ivalues ilay ibetween irange i0 i- 

i255; iwhere i0 irepresents iblack iand i255 irepresents iwhite icolour. iUsing ia ithreshold ivalue iof 

itwenty ipercent ito iconvert ithe iimage iinto ibinary iimage. iWhich imeans ithat ipixel ivalues ilying 

ibelow itwenty ipercent iof ithe imaximum ipixel ivalue iare iconverted ito iblack icolour iwhich iis i0 

iand ithe irest iimage iis iconverted ito iwhite iwhich iis i1. iResulting iinto iobtaining ia 

imonochromatic iimage iconsisting iof iblack iand iwhite icolours. iConversion ito ibinary 

irequires iPython, ibecause iit ican ifind iproperties iof imonochromatic iImage. 

 
 Finding iCentroid iof iobject iand iplotting iit: 

 
 

For iusers ito ihave icontrol ion ithe imouse ipointer iit’s inecessary ito idetermine ipoints iwhose 

icoordinates iare isent ito ithe icursor. iThese icoordinates icontrol ithe icursor imovement. 
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Inbuilt ifunction iin iPython iis iused ito ifind ithe icentroid iof ithe idetected iregion. iThe ioutput 

iof ithe ifunction iis ia imatrix iconsisting iof ithe ihorizontal, ivertical icoordinates iof icentroid. 

iThese icoordinates ichange ias ithe iobject imoves iacross ithe iscreen. iDetecting ithe icentroid iof 

ithe iimage. iThe icoordinates iare ilocated, ithen istored iin ia ivariable. 

 
 Mouse iPointer iTracking: 

 
 

When icoordinates iare iknown, ithe imouse idriver iis iaccessed iand ithe icoordinates iare isent ito 

ithe icursor. iThen ithe icursor iplaces iitself iin ithe irequired iposition, iwith ithese icoordinates. iWe 

iassume ithat ithe iobject imoves icontinuously iand ieach itime ia inew icentroid iis idetermined iand 

ifor ieach iframe ia inew iposition iis iobtained ifor ithe icursor, icreating ithe ieffect iof itracking. 

iOur iuser imoves ihands iacross ithe iprovided ifield iof iview iof iwebcam, imouse imoves 

iproportionally iacross ithe iscreen. 

There iis ino isuch iinbuilt ifunction iprovided iin iPython iwhich ican idirectly iaccess imouse 

idrivers. iSince ipython iis ia imachine iindependent ilanguage iso iit iis ipreferred iover ithe iothers. 

iA ipython iobject iis icreated, ilinked iwith imouse idrivers. iBased ion idetection iof icolours ithe 

isystem iperforms ithe iclicking ievents iof ithe imouse. 

Based ion irequirements, icolour icodes ican ibe imade ito ibe icustomized. 

 
 

3.4.8 iPerforming iClicking iActions: 

 
 

The icontrol iactions iof ithe imouse iare iperformed ion icontrolling iflags iwhich iwe iassociated 

iwith imouse ibuttons. iPYTHON iis iused ito iaccess iflags. iThe iuser iperforms ihand igestures, ito 

icreate icontrol iactions. iComputation itime irequired iis ireduced, isince iwe iare iusing icolour 

ipointers. 

Further imaking isystem iresistant ito ibackground inoise iand ilow iillumination. iDetection iof 

itwo icolours ican isimultaneously ibe iperformed ion iclicking. iIf iRed ialong iwith iblue icolour iis 

idetected, iwe iperform ileft iclicking iaction ielse iif ired ialong iwith ired icolour iis idetected, iright 

iclick iaction iis iperformed 
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Figure i5: iFlowchart iof iGesture iSystem 
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 Screenshots: 

 

Open igesture ifor imouse imovement: 

Figure i6: iOpen igesture 
 
 
 

Left iclick ia iclose igesture i: 
 

Figure i7: iClose igesture 
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For iDrag i& iDrop: 
 

Figure i8: iDrag i& iDrop 
 
 
 
 

 Use iCase iDiagram iof ithe ifollowing iapplication: 
 

 
Figure i9: iUse iCase iof ithe iDiagram 
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 EVALUATION 

 

We ihave iused iHCI iand icomputer ivision iwhich icontributes iin ivision-based iinteraction 

ibetween imachines iand ihumans. iIt iis iabout icontrolling imouse ifunctions iusing ihand 

igestures. iThe imain ifunctions iare imouse imovements, ileft, iright ibutton iclicks iand idragging 

ifiles iup ior idown. iThe iusers ican ipick iany icolour ifrom imultiple icolours. iThere iis ia idefined 

icolour iand ithe iuser ican ipick iany icolour iaccording ito ithe ibackground iand ithe ilighting 

iconditions. iWhich ivary iin idifferent ibackgrounds. 

Example, iwhen ia iuser istarts ithe isystem, ihe iwill ibe iprovided iwith ichoices ito ipick icolour 

ibands ifrom imultiple icolours. iThe iuser iwould ichoose ione icolour, iwhich idoesn’t imatch iwith 

ithe ibackground. iThe icolour ithen ibe ihighlighted iin ithe icurrent ibackground. 

Testing iare idone ion iplain ibackground. iWorks ivery ifast iwith iaccuracy iof iseventy-eight ito 

ininety ipercent. iTesting iwas ialso iperformed ion icomplex ibackgrounds, isuch ias iwearing 

iprinted idress, icolourful idress, icomplex iwall ibackgrounds, iindoor idaylights i& ialso iindoor 

ihome ilight ietc. 

The isystem iis inot ivery iefficient iin ithe icomplex ibackgrounds. iBut iit iis ifaster ithan iother 

igesture- ibased imouse isystems. iA ihigh-definition icamera ior ia iwebcam ican iincrease iaccuracy 

ivalue. iThe isystem iis ideveloped iin iWindows iOS, ithe iaccuracy irate imight ibe ibetter iin iLinux 

ibase ior iMacintosh. 
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Chapter-4 iPERFORMANCE iANALYSIS 

 

 
Performance iAnalysis 

 
 

It iis idefined ias ia ispecialised idiscipline iof istudy ithat iprovides ithe iauthority imonitoring 

ior iin ithis icase idevelopers iwith iobjective iinformation iand igives ithem iinsight iinto 

iunderstanding iefficiency, iredundancy, imistakes iand ibetter isolutions. iThis iprocess iis 

iunderpinned iby isystematic iobservation iand ilater iprovides ireliable, ivalid iand idetailed 

iinformation iregarding iour isystem iand iits iperformance. 

 
Efficiency iof ifinger itracking iIn idifferent ioutside 

ienvironment iconditions 

 
OpenCV ihas ibeen iused iin imany iresearch iscenarios iand iit’s iefficiency ican ibe ieffected iby 

ifactors ilike iimproper iframes iof ipictures i(can ibe idue ito iimproper ilighting ior idistance iof 

ithe iuser ibeing igreat idue ito iwhich icolours iare ieither inot idetected ior iinterpreted ias 

ianother icolour iand itherefore ithe ialgorithm iis inot iable ito iperform iefficient iedge idetection 

ior icentroid icalculation). iEven iif iwe iget ia iclear iimage ito ithe ihand iof ithe iuser iour isystem 

imight ifail ito iperform iits itask iif ithe ibackground iis icoloured. 

Since iwe iuse ired iand iblue ifor idifferent igesture irecognitions, ibackground icolours ican 

idistort iour iprocess iof icolour idetection iand iconversion ito igrayscale. 

We ialso iobserved ithat iif imultiple ipeople iuse ithis itracking isystem itogether iat ia itime 

ithe iaccuracy igets ilowered iand iresults imight inot icome iout ias iwe iwant ithem ito. iWe 

iobserved iif iwe iuse iour imethod ithen iwe iuse ia icommon imetric icalled iprecision. 

Precision imatrix iis iwidely iused iin icase iof iimage isegmentation ievaluations. iUsing ithe 

inotation iof itrue ipositive, ifalse ipositive, iand ifalse inegative, ithis imetric iis iexpressed ias: 

 
Precision=True ipositive/(True ipositive i+ iFalse ipositive) 



27 
 

 

 

 

 

 

 

Comparison iof iperformance iof ia isystem iusing iData iGloves iand 

ia iSystem iusing ionly iComputer iVision 

 
Data iGlove iis ian iinput idevice ithat iuses ivarious isensors ito itake ivarious imovements iof 

ihand ias iinput ivalues ithat iare ifurther iused iin ivirtual imouse, ieven ithough ithis idevice imakes 

iit ieasier ifor ideveloper ias iwell ias iuser ibut isince ithis iis icostly imeans iwe iuse itapes iand 

icomputer ivision. 

In ithe icase iof iEven ia iData iGlove isome ifeatures ican ibe iconfused iwith iothers ibut 

igenerally ia isystem iwith iData iGloves igives imore iaccurate iresults. iUsing iData iGloves 

ialso ireduces ithe ichances iof iFalse ipositives ias imentioned iabove. 

This isystem ithat iwe ihave iused ionly igives iaccurate iresults ifor ia isingle iindividual iin ian 

iisolated ienvironment. iThe isystem ican ionly ibe ipractical iin icase iof ipersonal iPCs ior 

ilaptops. iIn icase iof isystems iused iin imass isystems ilike iticketing isystems ithis imethod iis inot 

iso ipractical. 

 
 Practical iRuntime iPerformance 

 

The iefficiency iof inot ionly ithis isystem ibut iany iother isystem iproduced itill idate iis inot 

igood ienough iwhen iit icomes ito iany ipractical iruntime isetup. 

In ithe ipractical isetup ias iwe idiscussed ibefore iproblems ilike ienvironment isetup iwhich 

ivaries iin ia ireal iruntime icondition iplays ia ivery ivital irole. iProblems ilike iinappropriate 

ilighting, imultiple ipeople itrying ito iinteract ifrom ia isingle iscreen, iinappropriate idistance 

ifrom ithe iwebcam i(too ifar iaway ior itoo iclose) iand imany imore imakes isuch isystems iless 

ireliable iwhen iit icomes ito iusing ithese isystems iin ireal itime. 

 
 Mouse iEvents iand itheir iAccuracy 

 
If iwe iuse iour isystem iwhere imovement iis ian iopen igesture iwith itwo icolour icaps ithe 

iaction iperformed iwill ibe imouse imovement iand iit’s iaccuracy iwith ia iplane ibackground iis 

i91 ipercent iand ithat iwith ia icomplex ibackground iis ionly i41 ipercent. 
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If ithe imovement iis ia iclosed igesture iwith itwo icoloured icaps ithen ithe iaction ithat iwill ibe 

iperformed iis ia ileft iclick iand iits iaccuracy iwith ia iplane ibackground iis i88 ipercent iand ithat 

iwith ia icomplex ibackground icomes iout ito ibe i40 ipercent ionly. 

If ithe imovement ithat iis iused iis ia iclosed igesture iwith ikeeping itwo ifingers itogether ifor 

iany idefined it iseconds ithe imovement ithat iwill ibe iperformed iis ia idouble iclick iwith ian 

iaccuracy iof i87 ipercent iwith ia iplane ibackground iand i42 ipercent iwith ia icomplex 

ibackground. 

If ithe imovement iis ian iopen igesture iwith ia isingle-coloured icap ithen ithe iaction ithat 

iwill ibe iperformed iis ia iright iclick iand iits iaccuracy iwith ia iplane ibackground iis i95 

ipercent iand ithat iwith ia icomplex ibackground icomes iout ito ibe i79 ipercent. 

If ithe imovement iis ia iswipe imovement iwith iall ithree icoloured icaps ithen ithe iaction ithat 

iwill ibe iperformed iis ia iscrolling iaction iand iits iaccuracy iwith ia iplane ibackground iis i78 

ipercent iand ithat iwith ia icomplex ibackground icomes iout ito ibe i40 ipercent iat imaximum. 

 
 Comparison iwith iexisting isystems 

 

Clearly, iour isystem iis inot ivery iefficient iin icase iof icomplex iand irough ibackground. iStill 

iour isystem iis icomparatively ifaster ithan iother igesture-based imouse icontrol isystems. iThe 

iaccuracy iof ithe isystem ican ibe iincreased iby iusing ia ihigh idefinition i(HD) icamera. iThe 

ireadings imentioned iabove iare itaken ifrom ia ibuilt-in ilaptop iVGA i(Video iGraphics iArray) 

icamera. 

Though iour isystem iis ideveloped iin iWindows iOperating isystem. iIn isome icases, ithe 

iaccuracy irate imight ibe ibetter iin ia iLinux ibased ioperating isystem ior iMacintosh ioperating 

isystem icomputer irather ithan iWindows ioperating isystem icomputer. 

 
 Testing iFundamentals 

 

Software iTesting iis ithe iprocess iof ievaluating ithe isoftware iagainst ivarious irequirements 

igathered ifrom ithe iusers iand ithe isystem ispecifications. iTesting iis iconducted iat ithe iphase 

ilevel iin isoftware idevelopment ilife icycle i(SDLC) ior iat imodule ilevel iin iprogram icode. 

iSoftware itesting icomprises iVerification iand iValidation. 

The iprocess iof iexamining iwhether ior inot ithe isoftware isatisfies ithe iuser irequirements iand 

isystem ispecifications iis icalled ivalidation. iIt iis icarried iout iat ithe iend iof ithe isoftware 

idevelopment ilife icycle. iIf ithe isoftware ishould imatch irequirements ifor iwhich iit iwas imade 
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ito ibe ivalidated. 
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The iprocess iof iconfirming iif ithe isoftware iis imeeting iour ineeded ibusiness irequirements, 

iand iis ideveloped ifollowing ithe iproper ispecifications iand imethodologies iis itermed ias 

iverification. iTarget iof itesting iis ito idiscover: 

 
a. Errors i: iThese iare iactual imistakes iin ithe icode ithat iare imade iby idevelopers ior 

idesigners. iIf ithere iis ia idifference iin ioutput iof isoftware iand idesired ioutput ithen iit iis 

iconsidered ias ian ierror. 

 
b. Fault i: iFaults iare iaccommodated ialong iwith ierrors. iA ifault iis ialso iknown ias ia ibug 

ithat iis ia iresult iof ian ierror iwhich ican icause ia isystem ito ifail. 

 
c. Failure i: ifailure iis ithe iinability iof ithe isystem ito iperform ithe itask iin ia iway ithat iwe 

idesired. iFailure ioccurs iwhen ithere iis ian iexisting ifault iin iour isystem. 

Testing ican ieither ibe imanual ior ican ibe iautomatic. 

 
 

Manual i- iThis itesting iis iperformed iwithout itaking ihelp iof iautomated itesting itools. iThe 

isoftware itester iprepares itest icases ifor idifferent isections iand ilevels iof ithe icode, iexecutes 

ithe itests iand ireports ithe iresult ito ithe imanager. 

Manual itesting iis itime iand iresource iconsuming. iThe itester ineeds ito iconfirm iwhether ior 

inot iright itest icases iare iused. iMajor iportion iof itesting iinvolves imanual itesting. 

Automated iThis itesting iis ia itesting iprocedure idone iwith iaid iof iautomated itesting itools. 

iThe ilimitations iwith imanual itesting ican ibe iovercome iusing iautomated itest itools. 

 

 

 Testing iConcepts 

 
Software itesting iis idefined ias ia iprocess iwhere iwe iexecute iour iprogram ior iapplication 

iunder iconditions ilike ipositive ior inegative i(can ibe imanual ior iautomated ias imentioned 

iabove). 

The imain iconditions ion iwhich ia isystem iis ito ibe itested iare: 
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 Specification 

 
This istep iof itesting icode iis inot irequired ito istart iour itesting. iIt ihelps iin isaving imoney iand 

imanaging iresources ithroughout ithe iprocess iwith iminimal iwastage iand iappropriate 

imonitoring. iIt idescribes ithe ifunctional iand inon-functional iaspects iof ithe isoftware. 

Focuses ion iwhat inot ihow i(how ipart iis irelated ito idesign ipart iin iSDLC). iHere iwe ineed ito 

idefine istandardized itests iand ithen iuse ithem ito imeasure iour irequirements. iAll ithe 

irequirements iwill ibe ipassed ithrough ithe itests ione iby ione iand ithen iwith ithose iresults iwe 

ican ievaluate iand ifreeze ithe ifunctional irequirements. 

Many itimes, ithe idesigners ifail ito iget ithe iidea ion ihow ito imake ia ispecific imodule iand ithey 

isimply iassume isome iof ithe irequirements iin ithe idesign iphase i(which ishould inot ihappen ias 

irequirements ishould ibe icomplete iand icover ieach iand ievery iaspect iof ithe isystem iunder 

idevelopment). 

 
 Functionality 

 
 

Functional itesting iis ia ikind iof isoftware itesting ithat ivalidates isoftware isystem iagainst iour 

ifunctional irequirements ior ispecifications. iThe imain ipurpose iof iFunctional itesting iis ito itest 

ieach iand ievery ifunction ipresent iin iour isoftware iapplication. iWe ineed ito iprovide 

iappropriate iinput iand iverify ithe ioutput iagainst iour ifunctional irequirements. 

Functionality itesting iinvolves iblack ibox itesting. iIt iis inot iconcerned iwith ithe isource icode iof 

iour isystem ior iour iapplication, iit ichecks iour iuser iinterface, iour idatabase, isecurity iand iother 

iimportant ifunctionalities iof iour isystem iwhich iis ibeing itested. 

The itesting ican ibe ieither imanual ior iautomatic. iThe imain iobjective iof iFunctionality itesting 

iis ito icheck ithe iproper iworking iof iall ithe ifunctions iin iour isoftware isystem. 

It iconcentrates ion iconcepts iof imainline ifunctions i(testing imain ifunctions), ibasic iusability 

i(basic iusability itesting iof ithe isystem), iaccessibility i(checking iaccessibility iof ithe isystem), 

ierror iconditions i(check ifor ierrors). 

 
 Performance 

 
 

Performance itesting iis ia itype iof isoftware itesting ithat iis iused ifor itesting ithe ispeed, 

iresponse itime, ireliability, iscalability, iresource iusage iand istability iof ia isoftware iunder 

iparticular iworkload. 
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The imain iuse iof iperformance itesting iis ito ifind iand ieliminate iall ithe iperformance 

ibottlenecks iin iour isystem. iIt icomes iunder iperformance iengineering iand iknown ias i“Perf 

iTesting”. 

Performance itesting ichecks: 

a. Speed: iPerformance itesting idetermines ithe iresponding itime iof ithe iapplication 

ifor idifferent ifunctions. 

b. Stability: iPerformance itesting ialso idetermines ithe iapplication’s iability ito 

ihandle idifferent ivarying iloads. 

c. Scalability: iPerformance itesting ialso idetermines iif iour isystem ior 

iapplication’s imaximum iused iload icapacity. 

d. Load iTesting: iIt iis ia inon-functional itesting iwhich iis iperformed iin iorder ito 

iunderstand ithe ibehaviour iof ithe iapplication iunder iunexpected ior isudden iloads. iIt 

iis iused ito iunderstand iperformance iof ia isystem iunder iits ipeak iand ias iwell ias 

inormal iconditions. 

e. Stress iTesting: iIt iis ia itype iof itesting iwhere iyou iverify istability iand ireliability iof 

ithe isoftware. iThe imain ipurpose iof istress itesting iis imeasuring isoftware 

iconsidering iit’s ierror ihandling icapabilities iand irobustness iunder iheavy iload 

iconditions iand ito iensure ithat isoftware idoes inot icrash iunder icrunch isituations. iIt 

itests iin iconditions ibeyond inormal ipoints iand ichecks iand imonitors ihow iour 

isystem iis iworking iunder ithese iconditions. 

f. Spike iTesting: iIt iis ia inon-functional itesting iunder iperformance itesting. 

iWhich ievaluates ithe iperformance iand ihandling iof iour isystems iin iconditions 

iin icases iof isudden iincrease ior idecrease iin ithe iload ion ithe isystem. 

g. Volume iTesting: iIt iis ia itype iof iperformance itesting iwhere iour isystems icome iin 

isubjection ito ilarge ivolumes iof idataset. iTherefore, iit iis ialso itermed ias iflood 

itesting. iHere iwe ianalyse iour isystem iin ithis inew icondition iof ihuge ivolume ior 

iflooding iof idata. 

h. Endurance iTesting: iIt iis ialso itermed ias isoak itesting ior ilongevity itesting ior 

icapacity itesting iand iit iis idone iin iorder ito iunderstand isustainability iunder ihuge 

iload i(comes iunder iload itesting). 
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Figure i10: iTypes iof iTesting iUnder iPerformance iTesting 
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 Step ito iPerformance iTesting 
 

 

 

 

 

 

 

Figure i11: iSteps iof iPerformance iAnalysis 
 
 
 
 

 Performance iDifference iConsidering iPlatform 

 
We ihave iused iOpenCV ias iour iplatform ifor ithe igiven iproject. iOpenCV iis ian iopen-source 

isoftware ifor iMachine iLearning iand iComputer iVision iwhich ioffers igeneral istructure ifor 

ifast- itrack imachine iperceptions iused iin icommercially iavailable iapplications. 

It ihas iminimum irestriction ion ilibrary iusage iand iit ihas ia iproduct iquality iscore ifor ifeatures ias 

8.9 iout iof i10 iand iease iof iuse ias i9 iout iof i10. 
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Chapter-5 iCONCLUSION 

 
 CONCLUSION 

 
Virtual igesture icontrol imouse iis ia isystem ithat iis iprofound ito iguide icursor iand iexecute iits 

itask iusing ia iwebcam. iWe iimplemented imouse inavigation, idrag iand idropping iof ifiles ietc. 

iThis isystem iis ibased ion iimage icapturing iand imotion idetection itechnology, ito ido imouse 

iindicator imovements iusing ihand igestures. iAnalysing iresults, iit ican ibe ianticipated ithat ithe 

iclarity iof ithe iimage iplays ia ivery iimportant irole itherefore ithe ienvironment iin iwhich ithe 

iimage iis iobtained ishould ibe iwell iilluminated iand ialso ithere ishould ibe ino icolours iin ithe 

ibackground ito iconfuse iour iobject iidentifying ithe ialgorithms iat iany idomain. 

Making iour isystem imore isystematized. iThe iclarity iof ithe iimage iplays ia ivery iimportant 

irole itherefore ithe ienvironment iin ithe isystem imight irun islower ion icertain icomputers iwith 

ilow icomputational icapabilities. iIf itheir isolution iof ithe icaptured iimage iis ilow ithen 

icomputation imight itake imore itime iand ihence ithe isystem iwill irun iextremely islow. 

The imain iadvantage ithat iwe igain iby iusing ithis isystem iis ithat iwe ido inot inecessarily ihave 

ito itouch isurfaces ito iinteract iwith ithe imachine. iIn itoday’s iworld, ithis imight ibe ia ilifesaving 

iaction. iFor iexample, ia isimilar isystem ican ibe iused iat iticket icounters iin ithe icurrent iCOVID i19 

iscenarios ito iavoid ithe ispread iof ithe ivirus. 

 

 

 FUTURE iSCOPE 

 

In ithe ifuture iwe iwould imerge imore ifeatures isuch ias iinteraction iin imultiple iwindows, 

ienlarging iand ishrinking iof iwindow, iclosing iwindow ietc. iby iusing ipalm iand imultiple 

ifinger igestures iThe imajor iextension ito ithis iproject iwill ibe ito imake ithe isystem iable ito 

iwork iat icomplex ibackgrounds iand imaking iit icompatible iwith idifferent ilight iconditions. 

iTo imake iit ian ieffective iuser iinterface iwhich ican iinclude iall imouse ifunctionalities. 

Making iit iideal ito iresearch iadvanced imathematical imaterials ifor iimage iprocessing 

iand iinvestigate idifferent ihardware isolutions iresulting iin imore iaccurate ihand 

idetections. 
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It ialso idemonstrates ithe ipotential iin isimplifying iuser iinteractions iwith icomputers iand 

ihardware idevices iand isystems. 

 
 Applications 

 
 
This iproject ican ibe iuseful ifor ireducing iworkspace iand iburden iof iextra ihardware. iSince iit 

iremoves ithe iburdens iof idevices, iit iwill ibring iusers iand ithe iworkspace icloser ithan ibefore. 

iMajor iapplications: 

• Robot icontrolling iis ione iof ithe imajor iapplications. iControlling ithem iwithout imachines 

ican ibe ian iexcellent iaddition ito ithis itechnology. 

• Digital iartists ican idraw iimages iusing igesture-based imouse ion idigital icanvases. iIt iwill 

iallow imore ifreedom iand imore idynamic ispace ito iartists ito icreate itheir iart. 

• Critical ievents ilike ia ibattleground, ioperation itheatre ican ibe icontrolled iby igesture imouse. 

• Virtual iReality ibased igames ican ibe iplayed iwithout iany iextended idevices iwith ibare 

ihands icomfortably. 

• For ipatients iwith ino ilimb icontrol, ithis isystem ican ibe iproved ivery iuseful 

• This imouse icontrolling igesture ican ibe iapplicable ifor isign ilanguage ifor ithe idumb iand 

ideaf ipeople. iIt ican ihelp ithem ito iinteract iwith icomputing imachines iin ian ieasy imanner. 

This itechnology ihas iwide iapplications iin ivarious ifields iof iaugmented ireality, icomputer 

igraphics, iprosthetics, iand ibiomedical iinstrumentation, ithus imaking iits icontribution 

iimpactful. 
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