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ABSTRACT

Detectionofhumansinflamesisachallengingtask.Thetaskinthisworkisclassifiedintotwostages.
Thefirstisdetectionoffire,andthesecondisdetectionofhuman.Theproposedmethodinvolves
firedetectionbasedoncolourformatYCbCrforimagepreprocessing.Itfurtherusesahistogram
oforientedgradient (HOG)andsupportvectormachine (SVM) todetectahuman in the fire. It
evaluatesseveralmotion-basedfeaturesetsforhumandetectionintheformofvideos.Inthiswork,
bothmoduleswereintegratedtomakethemworktogether.Forthedetectionoffire,fourdifferent
rulesinvolvingcolourthresholdingwereusedandbackgrounddifferencingwasusedformoving
objectdetection.Themainobjectiveofthisworkistospotthehumansintheflameswhoaretrapped
initsotheycanberescuedquickly.Thiscanhelpthefirefightersinrapidplanningandseriouszone
detection.Theproposedmodelhas81%efficiency,whichhasoutperformedtheexistingmodelsfor
detectionofhumansinflames.

KEywORDS
Histogram of Oriented Gradient, Local Binary Pattern, Machine Learning, Support Vector Machine

INTRODUCTION

Thecurrenttrendsofresearchhavedrawnattentiontotheresearchareathatiscombinedforboth
firedetectionandhumandetectionandtryingtodevelopnewtechnologyforsavinglivescaused
by the fire.Theevolution in technologies in the fieldofcomputervision (Szeliski,2010) led to
muchnewadvancementindigitalimageprocessing.Schalkoff(2020)presentedanideatosupplant
thetraditionalandtypicalfiredetectionalarmswithcomputervision-basedsystemsusingimage
processing.Itcomprisesthreebasicsteps:theclassificationofthefirepixel,segmentationofmoving
objects,andthenanalyzingcandidatesregionasthealgorithmisbasedonimageprocessingthen
thereislesschanceofraisingfalsealarms.Todistinguishmovingpixelsfromnon-movingpixels,a
backdropsubtractionbreakthroughwithaframedifferencingalgorithmisappliedtotheframebuffer
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filledwithsuccessiveframesoftheinputvideo.Toraiseafirealarm,themovingpixelsthatarealso
detectedasfirepixelsarefurtherstudiedinsubsequentframes.

Itisdifficulttodetecthumansduetothedifferencesinoutfits,motionbackground,illumination,
clutter,noise,andotherfactorsthataddtothecomplexityofhumandetection.Therearesomany
algorithmsexistlike(Viola&Jones,2001)forhumanidentification,whichareaccurateenoughto
detecthumansbuthadafewlimitationsthatcausefailureinreal-timeoperationasstuckintohighfalse
detectionrate(DalalandTriggs,2005).Later,anewapproachcalledHistogramofOrientedGradient
wasdevelopedtoextractfeaturesfromlocalcells.It isunaffectedbygeometricandphotometric
changes(HOG)exceptforobjectorientation(DalalandTriggs,2005).Ontheotherhand,Viola-
Jonesisreliantongeometricmodificationyetproducesbetterresultsandiscommonlyusedforfacial
recognitionanddetection.(Barnoutietal.,2016)appliedthistechnologyinAutobotsandsurveillance
tosavelivesandavoidfatalities,thetechnologymaybeadvancedandusedmuchmoreefficiently.

Duetounexpectedfailuresintheintendeddeliverablesofthepresentfiresecuritymanagement
system,ourideaofdetectinghumansinfireusingmodernmachinelearningalgorithmsformsitsshape.
Theobjectiveofthisworkistoserveagreatpurposeofsavinglives,althoughcurrently,thisworkhas
somelimitedboundariesithasagreatfuturescopeaheadifitgetsincorporatedwithmoderntools
likerobotsanddrones.Theproposedmodelinthiswork,isaresultofacompletecycleofcollecting
data,trainingamodelandtestingovermultipleexamplestoachievebetterefficiencyateachstep.

Firesareposinganincreasinglyseverethreattopeople’slivesandproperty.Forthedetection
offire,acombinationofmethodsofmotiondetectionandcolordetectionoftheflamewasusedas
preprocessingstep.Inscreeningthefirecandidatepixels,thisstrategysavesasignificantamountof
computingtime.Second,despiteitsirregularity,theflamehasasignificantresemblancetotheimage’s
sequence.Manyfiredetectionsensorsareavailablenowadaystoquicklydetectfireandtriggerfire
alarms.Still,theycanalsogeneratefalsealarmsasincaseofcigarettesmokewhichgeneratechemical
particlesintheairthatthesensorspickup.Inordertoovercomefromthisproblem,computervision
andimageprocessingbasedmethodologywasusedtoidentifyfireusingtheYCbCrcolorstandard
and to recognize humans in real-time, the Histogram of Oriented Gradient (HOG) and Support
VectorMachine(SVM)basedclassifierwasutilized.Thisstrategy,however,canbeimprovedby
incorporatingthistechnologyintoarobotthatcanrescuepersonstrappedinafireandsavethem
fromdestruction.Theproposedmethodologyinthisworkhastwophases,oneisdetectionoffire
morepreciselythantheconventionalsystemsavailableandotherismajorlyfocusingonrescuing
humanbeingsstuckinafire,whichisverycommontoobserve.Experimentalresultsshowthatit
couldimprovetheaccuracyandreducethefalsealarmratewhencomparedtoconventionalmethod.

Theauthors(Jaradat&Valles,2018)proposedamodeltodetecthumandrasticallytrappedin
burningsites/buildings.Thisapproachtriestoensurethesafetyoffirefightersandlivesaversandhelp
inacceleratingtheprocessofrescueofhumanstrappedinfire.Inthiswork,Infrared(IR)cameras
wereusedtocapturethermalimagesofhumanwithfirefromtheburningsitewhichinturnhelpin
overcomingtheproblemofdistortionduetosmoke.ConvolutionNeuralNetwork(CNN)baseddeep
learningtechniquewasappliedonthermalimagesofthevictimsinsidethefiretodetectthemfor
rescueoperation.Inthiswork,nomethodofcalculatingdetectionefficiencywasmentioned.Maet
al.,(2020)proposedasmartefficientfirealarmsystemespeciallyusedinkitchenasarepresentative
scenario.Inthisapproach,themodelcapturesboththermalandopticalvideosinordertomonitor
thetemperatureandhelpsindetectionofhumaninsidethefire.Furtherthismodelcanbeusedto
predicttheeventoffireaccidentandtriestoavoidfalsealarm.Theauthorsproposedahigh-efficiency
regulatedneuralnetworkbasedinferencecomputingframeworknamedasTuringNN.Thismodel
lacksthecomputationofdetectionefficiency.Tsaietal.,(2022)proposedadetectionmodelusing
adeeplearningmethodandthermalimagingcamera(TIC).Thismodelactsasintelligenthuman
detectionsystemtodetecthumaninsidefireduringemergencyevacuationsinasmokyfirescenarios
withlow-visibility.
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