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ABSTRACT

Oneofthemajorenvironmentalchallengesisforestfires.Eachyearmillionsofhectaresofforestare
destroyedthroughouttheworld,resultingineconomicandecologicaldamages,aswellastheloss
ofhumanlife.Therefore,predictingforestfiresisofgreatimportanceforgovernments.However,
thereisstilllimitedstudyonthistopicinAlgeria.Inthispaper,theauthorspresentanapplicationof
artificialneuralnetworkstopredictforestfiresinembeddeddevices.Theyusedmeteorologicaldata
obtainedfromwirelesssensornetworks.Intheexperimentation,ninemachinelearningmodelare
compared.Thefindingsfromthisstudymakeseveralcontributionstothecurrentliterature.First,the
modelissuitableforembeddedandreal-timetrainingandprediction.Moreover,itshouldprovide
betterperformanceandaccuratepredictionagainstothermodels.
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INTRoDUCTIoN

Forest fires are among the worst natural catastrophes because of their fast spread and lack of
controllability.Asaresult,forestfirepreventionhasbecomeamajorconcerninthedisciplinesof
forestryandecology.AlgeriaisacountrylocatedonthesouthernrimoftheMediterraneanBasin.It
ishighlyaffectedbyforestfiresandeachyearmillionsofforesthectares(ha)aredestroyed.Forest
firesareusuallyduetoaclimatefavorabletoignition,propagationandtheabundanceofcombustible
materialssuchasshrublandsandwoods(Curtetal.,2020).The2020fireseasonwasespecially
dramatic,hectareswereburntby3,493hotspots,ofwhich38percentwereforests(representing
16,570hectares),32percentwerebushes,and30percentwerevegetation.Algeriaisthefourthmost
impactedcountryamongthosecoveredbytheEuropeanForestFireInformationSystem(EFFIS)
(San-Miguel-Ayanzetal.,2017).

Early fire prediction and detection are critical steps that will greatly decrease the disaster’s
damageandfirefightingefforts.Manytechniqueshavebeendeveloped,includingapproachesthatuse
satelliteimages,historicalweatherdataandcomputationalfluiddynamics.Althoughmanymachine
learningmodels(ML)havebeenusedtopredictforestfires(Abid,2021),tothebestoftheauthors’
knowledge,onlyafewreferencesintheliteraturesystematicallydescribetheeffectofusingthese
modelsonembeddeddevices.Thiswasthemotivationbehindthepresentstudy.
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NeuralNetworkmodelsthatusemeteorologicaldataareknowntoinfluenceforestfires.These
dataaredetectedbywirelesssensornetworks(WSNs).Therefore,theymaybecollectedinreal-time
atverylowcostscomparedtosatelliteandscannerdata.TheadoptionofWSNsdatacanhelpto
eliminatefalsepositivesproducedbytransientchangesinasinglesensor’soutput.Furthermore,the
multipledatafusiontechniquereducescommunicationcostswhilealsoconservingenergy.

Thisarticlemakesthefollowingkeycontributions:

1. Theresearcherspresentanoverviewofstate-of-the-artfirepredictiontechniquesbasedonWSN
sensorsandmachinelearning.

2. UsingtwoWSNdatasets,theyinvestigateandcomparetheperformanceofnineMachineLearning
algorithms.

3. The models are compared and evaluated based on Accuracy, F-score, AUC-ROC, memory
consumption,trainingandpredictiontimes.

4. TheauthorsproposeanembeddedforestfirepredictionmodelbasedonANNusingtheresults
obtainedfromcomparisons.

The following section discusses the related work. Section 3 primarily covers the proposed
work.Section4presentstheresultsoftheperformanceevaluationofclassificationmodelsandtheir
comparativeanalysis.Finally,Section5summarisestheconclusionandfuturescopeofthiswork.

RELATED woRK

Inthisstudy,theauthorsinvestigatedatseveralapproachesproposedfortheforestfireprediction.
Therehavebeenseveralworksintheliteratureconductedusingmachinelearningmodels(Abid,2021).
TheMLmodelsthathavebeenadoptedinthiscontextareArtificialNeuralNetworks(ANN)(Yanet
al.,2016;Liuetal.,2011;Yuetal.,2005;Hefeeda&Bagheri,2007),logisticregression(Changetal.,
2013;Catryetal.,2009;Chuviecoetal.,2009;Kalabokidisetal.,2002;DeVasconcelosetal.,2001),
decisiontree(DT)andtrees-basedmodels(Giuntinietal.,2017;Pourtaghietal.,2016;Maksimović
etal.,2013;Oliveiraetal.,2012;Stojanovaetal.,2010;Lozanoetal.,2008;Prasadetal.,2006).

Researchershaveconcentrated theireffortsonapplyingartificial intelligence into forest fire
models,particularlyinWSNandUAV-basedforestfiremonitoringsystems.Therefore,theintention
ofthepresentworkistoinvestigateNeuralNetwork-basedapproachesforforestfirepredictionand
approachesusingwirelesssensornetworks(WSNs)dataonembeddeddevices.

Yanetal. (2016)haveproposeda real timefire identificationusingamultilayerANNwith
amulti-sensorWSN.Adatasetof1160samplescollectedfromthreesensors(smoke,CO2and
temperature)isadoptedtotraintheANNmodel.Theobtainedaccuracywasabout82.5%.Liuetal.
(2011)havesuggestedaWSNbasedforestfiresmulti-criteriadetectionsystem.Theauthorsuseda
multiplelayerbackpropagationANNandfocusedontheimpactofthedistancebetweenthesensor
nodeandafireonthemodelprediction.Theresultsrevealedthattheaccuracywasabout90%for
adistanceof10cmand40%foradistanceof20cm.Anotherfiredetectionsystemwasintroduced
inYuetal.(2005).Theyhaveadoptedamultilayerperceptron(MLP)modelandsensornodessuch
astemperature,relativehumidity,smokeandwindspeed.ThemodelreturnsThefireweatherindex
(FWI)thatestimatesthefireoccurrenceprobability.Theyarguethattheirproposedapproachcan
saveenergyandprolongthelifetimeoftheWSN.HefeedaandBagheri(2007)aforestfiredetection
systemwasmodeledasak-coveragemodel.Thesystemcomputes theFineFuelMoistureCode
FFMCandFWIvaluesandsentthemtotheprocessingcenterforaction.

Inadditiontothestudiespreviouslymentioned,Abid&Nouma(2020)consideredtheuseofthe
decisiontreeclassifierandWSNtechnologyforforestfireprediction.Thestudyusedmeteorological
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