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ABSTRACT

Deeplearninghasbroughtahugeimprovementintheareaofmachinelearningingeneralandmost
particularlyincomputervision.Theadvancementsofdeeplearninghavebeenappliedtovarious
domainsleadingtotremendousachievementsintheareasofmachinelearningandcomputervision.
Onlyrecentworkshaveintroducedapplyingdeeplearningtothefieldofusingcomputersinagriculture.
Theneedforfoodproductionandfoodplantsisofutmostimportanceforhumansocietytomeetthe
growingdemandsofanincreasedpopulation.Automaticplantdiseasedetectionusingplantimages
wasoriginallytackledusingtraditionalmachinelearningandimageprocessingapproachesresulting
inlimitedaccuracyresultsandalimitedscope.Usingdeeplearninginplantdiseasedetectionmadeit
possibletoproducehigherpredictionaccuraciesaswellasbroadenedthescopeofdetecteddiseases
andplantspeciesconsidered.Thisarticlepresentsasurveyofresearchpapersthatpresentedtheuse
ofdeeplearninginplantdiseasedetection,andanalyzesthemintermsofthedatasetused,models
employed,andoverallperformanceachieved.
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1. INTRoDUCTIoN

Agriculture is the firsthumanactivity thathelpedhumanity toadvanceanddevelop.Nowadays,
foodindustryandfarmingarethemostcriticalactivitiesworldwide,duetotheincreasingnumber
ofpopulationandtheincreasinggrowthoftheirneedsforfoodinorderfortheirlifetocontinue.
Agricultureisalsothebackboneofanyeconomicsystemforanygivencountry.Notonlyproviding
foodandrawmaterial,butalsoitprovidesemploymentopportunitiestoverylargepercentageofthe
population(Gebbers&Adamchuk,2010;Kitzesetal.,2008;Shalabyetal.,2011;Slavin,2016).

Theglobalfoodsupplyisannuallyreducedbyanaverageof40%(Oerke,2006)demonstrating
thatourcollectivebattleagainstdiseasesandpestsofcropplantsisnotwon.Indeed,theemergence
andspreadofnovelandhighlyvirulentcropdiseaseslikethestemrustUG99thatattackswheat,black
podinCocoaandviralinfectionsofCassavasuggestthatthesituationmayinfactbeworsening.
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ThisistroublingatatimewhentheUNFAOrecommendswemustinfactincreasethefoodsupply
by70%tofeedthefuturepopulation.

Plant diseases can be caused by different types of fungi, bacteria, viruses, pests, and other
agents.Diseasedplantsymptomscanincludeleafspots,leafblights,rootrots,fruitrots,fruitspots,
wilt,dieback,anddecline(Rileyetal.,2002).Themajorimpactofplantdiseasesisreducingthe
foodavailabletohumansbyultimatelydecreasingcropyields.Thiscanresultininadequatefoodto
humansorleadtostarvationinsomeareas(Strange&Scott,2005).

Plantdiseaserecognitionisofutmostimportanceinordertorecommendandchoosetheproper
treatmentfordiseasedplantsandalsopreventinfectionsofuninfectedones.Plantleafisthemost
commonwaytodetectplantdiseaseasitshowsdifferentsymptomsfordifferentdiseases.Discovering
andsubsequentlytreatingplantdiseaseswasdonebythenakedeyeofanexpertbymanuallyexamining
theplantsonsiteandthisprocessiscostly,slowandnotaffordable.Forthisreason,theneedfor
partiallyorfullyautomatedplantdiseasedetectionsystemsisamajorgrowingresearcharea.

Traditionalimageprocessingtechniquesprovidedreasonableresultsandperformanceregarding
plantdiseasedetectionusingleafimages,butthosewerelimitedtousingsmalldatasetsandproducing
theoreticalresults.Asdeeplearninghasrevolutionizedtheareaofcomputervisionspecificallythe
fieldofimageclassificationandobjectdetection,itisnowconsideredapromisingtooltoimprove
suchautomatedsystemstoachievehigherresults,widediseasesscope,andimplementapplicable
real-timeplantdiseasedetectionsystems.

Thispaperpresentsasurveyonthecurrentstateoftheartresearchesintheareaofapplying
deeplearningtoplantdiseasedetectionusingleafimages.Itisdividedintosevensections.Section
2exploresrelatedsurveysanddeterminesthescopeofthissurvey.Section3discussesthevarious
typesofplantdiseases.Section4presentsthetraditionalmachinelearningtechniquesusedinplant
diseasedetectionusingleafimage.Section5discussesdeeplearninganditsimpactoncomputer
visionespeciallyintheagriculturefield.Section6introducesasurveyofnearly22papersthatused
deeplearninginplantdiseasedetectionandcomparebetweenthemintermsofthedataset,models
used,andresultsachieved.Section7presentsabriefdiscussionaboutthesurveyedpaper.Finally,
section8providesconclusionsanddirectionsforfurtherresearch.

2. RELATED REVIEwS AND THE SCoPE oF THIS SURVEy

Almostallpreviousreviewsdoneonplantdiseasedetectionwerecoveringtraditionalmachinelearning
techniques.Recentdevelopmentsindeeplearningwerealsoreviewedindependently.Relatedreviews
couldbecategorizedinto1.overviewsofdeeplearningtechniques2.reviewsofusingtraditional
machinelearningandimageprocessingtechniquesinplantdiseasedetection3.reviewsofusing
deeplearninginplantdiseasedetection.Theformercategorywasonlyfoundinonesurveypaper
thatdiscussedusingdeeplearninginagriculturewithplantdiseasedetectionasoneoutofmany
otherapplicationfields.TheseeffortscanbesummarizedinTable1,andinthissectionthemost
representativepublicationsineachclasswillbediscussed.

2.1. overviews of Deep Learning Techniques
AuthorsinLecunetal.(2015)gaveamilestoneoverviewofdeeplearning,introducedseveralpopular
deeplearning-basedmodels,andgaveinsightsaboutthefutureimprovementsonusingdeeplearning.
Meanwhile,inSchmidhuber(2015)theauthordugdeeptotheoriginsofdeeplearningconducting
anencyclopedicsurveythatcoveredtheevolution,methods,applicationsandfutureofdeeplearning.
WhileinLiuetal.(2017)theauthorsreviewedthelatestdevelopmentsofdeepneuralnetworks,and
investigatedsomewidely-usedarchitecturesandapplicationssuchasspeech recognition,pattern
recognition,andcomputervision.
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