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ABSTRACT

Agricultureplaysavitalrole inIndia’seconomy.44%of theemployment inIndia isengagedin
agricultureandalliedactivitiesanditalsocontributes17%ofthegrossvalueadded.Asmostofthe
country’speopleareintheagriculturalsectorandoutofthemonlyafewareliterateabouthowto
protecttheircultivationultimatelygivesrisetosevereproblemslikealoweconomyinthesectorand
starvationforthenation.Thejobofthisresearchistohelpthefarmerstosavecropsfromdisease.The
authorscamewiththethoughtofcombiningapatternrecognitionmethodandanimageprocessing
technique.Thesystemallowsafarmertofollowaparticularpatternofgrowingcropssothatthreats
willbeanalyzedearlier.CombiningthiswiththepowerofInternetofThings,theauthorscanautomate
theprocesswithouttheneedforhumanresources.Thisresearchcanultimatelymaketheagriculture
processfasterandfarmerscancultivatemoreinalessamountoftime.
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1. INTRoDUCTIoN

Indiaisagriculture-orientedcountry.69%ofIndianpopulationhasagricultureastheirmainoccupation
orsidebusiness.TheproductionorcultivationofusefulcropsintheEcosystemproducedbythe
peopleisknownasagriculture(MahendraDev,2014).Fromanotherpointofview,thefarmersare
theecosystemengineerswhofindnewwaysforcultivationofcrops.Wheatisoneofthemostpopular
cultivationcrops.Wheatsalongwithricemakesaroundtwothirdsofthefoodconsumedbypeoplein
theworld.Therearemanyproblemsthatfarmerswhogrowwheatfacetodaylikerainfall,improper
yield,overfertilization,flooddamage.Oneoftheimportantproblemsintheseistheeffectofdisease
inthecrop.Diseasesinwheataccountforabout10-30%oflossinproductionofwheat.(Majumdar,
Naraseeyappa,&Ankalaki,2017).Diseasesarealsooneofthebiggestreasonsfortheexpensive
pricesofwheat today.1kilogram in India in2018costs aboutRs.23.Poorpeoplewhocannot
affordendupstarvingorbuyingadulteratedfood.Thisresultsintheincreaseofmalnourishment.
Thefarmersaresoleaffectedpeopleduetodiseases.Farmershavenothingtodowiththediseased
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plantsotherthantothrowthem.Reportshavestatedthateventhough72%ofpeoplelikefarming,
69%offarmersthinkthatjobincityisbetterthanagricultureand62%offarmersarereadytoshift
fromvillagetocity.Lookingatsomeofthereasonsbehindtheirthoughtprocess,36%offarmers
haveclaimedthatfarmingdoesnotgivethemappropriateincomeforsustaining.Notbeingableto
producethegoodyieldduetofactthatmanywheatcropshavebeenaffectedbythediseases.Oneof
theinterestingthingstonoteisthatmanyfarmersareunabletodetectthediseasesinthecropuntil
thesevere/irrecoverablestateofthedisease.Therearepesticidesandfungicidesformanydiseases
whichcanbecuredwhenthediseaseintheinitialstate.Moreinterestingthingtonoticeisthat,even
afterhugeadvancementoftechnologyintheareasofArtificialIntelligenceandMachineLearning,
suchfundamentalproblemsarestillnotfixed.Hencethegoalisthemergetheadvancedtechnologies
presentinMachinelearningtohelpthefieldofAgriculturetobenefitthefarmers.Wheatproduction
inIndiaisthebackboneofgranaryinourcountryanditservesasthemajorcropalongsidetherice.

The outline of the paper is structured as follows: Section 2 describes the related work on
AgricultureandInternetofThingsandMachineLearning.InSection3,theproblemisproposedand
anapproachisprovidedforthedetectionofdiseasesinwheatcrop.Section4providesthevarious
outcomesofworkwhichhelpstojudgethetypeofdiseaseontime.SocialBenefitsofworkaredrawn
inSection5anditscommercialbenefitsaregiveninsection6.Thesignificanceofworkhasbeen
discussedinsection7.Conclusionandfuturescopeoftheproposedapproachisgiveninsection8.

2. ReLATeD WoRK

2.1. Agriculture and Internet of Things
• Theideaofgettingreal-worldobjectsconnectedwitheachothershapestheconceptoftheinternet

ofthingsthatwillradicallytransformcorporate,communityandpersonalsphere.Asanimportant
constituentofIoT,sensornetworkprovidesusnewinstrumentstointeractwithphysicalworld
thatwasimpossiblebefore(InternationalTelecommunicationUnion,2005);

• Burrell adoptedethnographicmethods todesignand implementsa sensornetworkassisting
cultivationandproductioninvineyard(Burrell,Brooke,&Beckwith,2004);

• SeveralcustomizedsensornodesdevelopedtheapplicationforagricultureonTopofTinyOS2.X.
Acommonaccessinterfacehasbeencreatedtoenablefurtherintegrationofsensornetworkson
theIoT(Langendoen,Baggio,&Visser,2006);

• Severalresearchpapersfocusedonprecisionagriculture,designedaninformationmanagement
system based on IoT. Other work done on product quality improvement, food safety and
traceability,WaterManagement,ruraldevelopment,urbanagricultureandconsumerinteraction
(Langendoen,Baggio,&Visser,2006);

• Inarablefarmingworkhavebeendonethatdealswithmonitoringandcontrolusingadvanced
IoTdevicessometimessupportedbypredictivegrowthmodels.Manyarealsofocusingongetting
informationingeneralfromfieldorfarmlands(Langendoen,Baggio,&Visser,2006);

• IoTenablesvariousapplicationssuchascropgrowthmonitoringandselection,irrigationdecision
supportindigitalagriculturedomain.Thewirelesssensornetwork(WSN)iswidelyusedtobuild
decisionsupportsystems(Wang,Wang,Qi,&Xu,2009);

• WSN(Wirelesssensornetwork)hasbeenusedinprecisionagriculturethatisoptimizingthe
usagesofwaterfertilizerswhilemaximizingtheyieldofthecrops.Italsohelpsinanalysingthe
weatherconditionofthefields(Warketal.,2007);

• IntegrationofInternetofThingsmodulewithBigDataApplication.Internetofthingsmakes
ordinarydeviceassmartdeviceandcloudcomputingprovidetheeasyaccesstomonitorand
controlsmartdevicesonremotebasis.Thisconceptisextendedtoanalyzetheconditionsof
weatherinagriculturalfieldsforthebetteryieldofcropproductivity.
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2.2. Agriculture and Machine Learning
• Machine learning is used to unite the knowledge of the data with crop yield evaluation

(Khoshnevisan,Rafiee,Omid,Mousazadeh,&Rajaeifar,2014);
• Fewtechniquessuchasartificialneuralnetworks,InformationFuzzynetwork,DecisionTree,

Regressionanalysis,Bayesianbeliefnetwork.Timeseriesanalysis,Markovchainmodel,k-means
clustering,knearestneighbour,andsupportvectormachinehavebeenappliedinthedomainof
agriculture.Thesetechniqueshavehelpedinmonitoring,detectingandhandlingdatawithcrop
evaluation(Khoshnevisan,Rafiee,Omid,Mousazadeh,&Rajaeifar,2014);

• Machinelearningtechniquesinagricultureareusedtolargeamountofdatacurrentlyavailable
frommanyresourcestofindthehiddenknowledge.Thisisanadvancedresearchfieldandis
expectedtogrowinfuture(Attonaty,Chatelin,Garcia,&Ndiaye,1997);

• Computerscienceisintegratedwithagriculturetoforecastagriculturalcrops(Attonaty,Chatelin,
Garcia,&Ndiaye,1997);

• Authors(AlbertoGonzalez-Sanchez,JuanFrausto-Solis,WaldoOjeda-Bustamante)havestudied
machine learning techniquesbasedonpredictiveability suchasartificialneuralnetwork, linear
regression,regressiontrees,knearestneighbourandsupportvectorregressionforcropyieldproduction;

• Precisionagriculturehasbeenadoptedinmanycountriestoimprovetheagricultureindustry
(Langendoen,Baggio,&Visser,2006);

• Thetechniqueslikefuzzylogic(FL),artificialneuralnetwork(ANN)areusedforthedetection
ofvariousdiseasesinHealthCareSystems.Theintegratedmethodslikecase-basedlearning
inartificialneuralnetworks,theartificialimmunesystemisalassousedinthisreasontomake
earlydetectionsofvariousdiseases(Singh,&Pandey,2014);

• Internetofthingsisatechnologythatconnectalltheobjectaroundtheworldwithinternet.It
involvesusesofRFID,wirelessandothersensorwithinternetslackbuiltwithinthesystem.In
agriculturevariousresearchhaveproposedvariousarchitecturebasedonIoTtosupplychain
managementofagriculturalproducts.Wirelesssensorisasmart technologyandlotofwork
hasbeendoneonagriculturaldomain.Sensorsareavailableforsensingandanalysingvarious
parameter that are required in agriculturedomain.WSNarchitectureshasbeenproposed to
implementandtestformonitoringthesoilproperties(TongKe,2013);

• Articlein(Modernnag,2017)statedthatMachinelearningcanbeusedinthefieldofAgriculture
todetectthediseasesinplants;

• (Takkar,Singh,&Pandey,2017)usesvariouskindsofindividualandintegratedMachineLearning
algorithmsonhealthcaredatasetsforevaluatingtheperformancesandtoanalysethevariations
andmeritsanddemeritsofappliedmachinelearningalgorithms.

Table1providesthecrosscomparisonforthevariousfusiontypesfortechniquesandApplication
AreaintermsofCropyields.

3. PRoPoSeD WoRK

Thisresearchworkis thebestofbothMachineLearningandInternetofThingsworkingfor the
detectionofthediseasesinwheat.Imagerecognitionisthepreferredchoicefortherecognitionof
thediseasesasdiseasesinwheatchangethephysicalstructureoftheleaves.InternetofThingsand
Machinelearningplayanimportantroleintheworkingofthesystem.

IoT’sroleinthisresearchistodoeverythingthatisrelatedtocapturingandsendingimages.
Devicescanbeusedforcollectingtheimagesinaperiodicintervaloftimeinvariouslocationsof
thefield.Thecollectionofimagesisdoneusingdigitalcamerawhichisthensenttotheserver/base
viaIoTdeviceslikewirelesssensingnetworks(WSNs)whichinturncanbeusedtosendthedata
withmultipledeviceswireless.
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Machinelearningcomesintopictureaftertheimageissenttotheserver.Advancedtaskslike
preprocessing,dataextraction,splittingthedatasetintotrainingandtestingdatasetsaredonetosupport
andenhancetheperformanceandaccuracyofthecoremachinelearningmodel(thepredictor).Neural
Networkisanaptmodelforimagerecognitionandtrainingofthemodel.NeuralNetworkisalso
helpfultoincorporatechangestotheoutputofthemodel,forfuturedevelopments.Figure1shows
thevariousstepsinvolvedinproposedwork.

Theentiremachinelearningsystemisdividedinto4phases:

• Pre-processing
• Featureextraction
• Modelsystem
• Requiredaction/Additionalrequirements

Table 1. List of important fusion of machine learning techniques in agriculture

Fusion Type Application Area

NonlinearRegression ForecastingCornYields

MarkovChainApproach ForecastingCottonYieldsfromSurveys

LinearRegression EstimatingGrainYieldofMaturingRice

BeliefNetworks FutureCropProduction

Neuro-FuzzyModeling ForCropYieldPrediction

SecondOrderMarkovChains ForecastingofCropYields

PolynomialRegression FactorsAffectingtheYieldofWinterCerealsin
CropMargins

DeterministicandProbabilisticPredictionApproaches SeasontoInter-AnnualClimateForecasting

FINkNN:afuzzyintervalnumberk-nearestneighbour
classifier

forpredictionofsugarproductionfrompopulationsof
samples

Artificialneuralnetworks cornandsoybeanyieldprediction

NeuralNetwork RiceCropMonitoring

ArtificialNeuralNetworks ForecastingThailand’sRiceExport

Buildingafuzzylogicinformationnetworkanda
decision-supportsystem forolivecultivationinAndalusia

Regression sugarcaneyieldusingclimaticvariables

DecisionTreeAlgorithms SoybeanProductivityModelling

AFuzzyModellingofDecisionSupportSystem forCropSelection

TimeSeriesTechniques CropYieldForecast

Dataminingwithclimatevariable JowarCropYieldinIndia

FuzzyCognitiveMaplearningapproach Yieldpredictioninapples

RegressionandNeuralNetworksModels forPredictionofCropProduction

ModifiedK-MeansClustering CropPrediction

ArtificialNeuralNetworkApproach AgriculturalCropYieldPrediction

Markovlogicmodel Croprotationsforearlycropmapping
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3.1. Pre-Processing
Pre-processingisthestageinwhichtherawdatareachingtheservergoesthroughafiltrationprocess
inwhichnoiseisreduced/removedtogetrequiredinformation.Pre-processinginthisprojectiswhere
ImageProcessingcomesin,astheinputdataispurelytheimageofwheatcrop.Imageprocessingwill
helptheimagetoseparatethenon-necessarypartsoftheimage.Imageprocessingforeachdisease
isdifferentandimageprocessingisdifferentforeachtypeofcrop.Removalofnoiselikesunlight
canbeextremelycrucialastheplantstendtoreflectyellowcoloronexposuretosunlightandthe
diseaseslikeYellowRustisdetectedbytakingtheyellowporesinthewheatleafblades.

3.2. Feature extraction
Inthisstage,theprocessedinformation,whichisintheformoftable,istakenandtherequiredfeature
columnsaretakenout,forthemodeltodetect.Featureextractioncanalsobecalledthesecondlevelof
processingsincethemanyfeaturesthatarenotrequiredarealsofilteredout.Thepre-processeddata
thatisintheformtablescontainsfeaturessetsthatarenotrequiredbythemodelarenotconsidered
andtherequiredfeaturesaretakenoutinanothertable.Featureselectioncanvaryfordifferentspecies
ofcropsandfordifferentdiseases.

3.3. Model System
Modelsystemessentiallyisthecoreevaluatorthatpredictstheexistenceofdiseaseusingthefeature
set.NeuralNetworksisthepreferredmodelfortherecognitionofthepatternsanddoesagoodjob
atrecognizingandadaptingtothechangesintheinputoveraperiodoftime.Thereoutcomesofthe
modelcanberepresentedasclass.Inthisproject,therearetwoclasses:

• Plantisaffectedwithdisease;
• Plantisnotaffectedwithdisease.

Modelshouldbefedsomeamountofdataforthetrainingtoshowaccurateresults.Thenparticular
amountofdataisfedintothemodelfortestingtheimagesandtheresultsarecomparedwiththe
actualresults.Thisissupervisedlearning.Supervisedlearningisthelearningthatcanbestadaptto
patternrecognitionastheimagesareabundantlyavailableforthemodeltogettrained.Outputsof
theNeuralNetworkmodelisYesorNo/diseasedorHealthy.

Thebuildingstagesofthecoremodelhasdifferenttasksduringdifferentphasesofdevelopment.
Therearetwophasesforthemodel:

Figure 1. Steps for predicting diseases in wheat crop
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1. Trainingphase
2. Predictionphase

3.4. Training Phase
Trainingphasecomesbeforethepredictionphase.Trainingphasehasfewextrasteps,eventhough
computationallyintensive,iscrucialfortheimprovementofaccuracyoftheprediction.Ourmodel
usessupervisedlearningtechnique.Theimagesofdiseasedandthehealthywheatcrop,alongwith
theoutputoftheimage(diseasedornot),areusedtotrainthemodel.Variousstagesincludeaccuracy
calculation,datasetsplit(Figure2).

3.5. Training and Testing Data Split
Trainingandtestingdataareusedtodividethegivendatasetoftheuserintotestingandtraining.
TrainingdatasetisusedtotrainthemodelbyadjustingtheweightoftheNeuralNetwork.Testing
datasetisusedtocalculatetheaccuracyofthemodel.Inordertotackletheissueslikeoverfitting,
techniqueslikeK-Foldtechniquescanbeusedfortraining.

3.6. Accuracy Prediction
Accuracypredictionisusedtocalculatethecorrectnessofthemodel.Theadjustedweightsduring
thetrainingisthencheckedwiththetestingdata.Theresultsofthetestingdataproducedbythe
modeliscomparedwiththeactualoutcomesofthetestingdata.Theaccuracyiscalculatedbased
onthetestingdata.

Figure 2. Graphical plot showing pre-processing and feature extraction of data
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3.7. Prediction Phase
PredictionphasecanalsobecalledastheproductionversionoftheNeuralNetworkmodelandisthe
finalversionofthemodelbeforeanyfurtherchangesaredonetothemodel.Predictionphaseisused
togivetheprediction/judgment,whenanewdatasetcomestothemodel.Predictionphase,unlike
trainingphasedoesnotincludestepsliketrainingandtesting.Predictionphase,combinedwiththe
capabilitiesofIoT,automatethetaskofpredictionofthediseaseswithouttheneedhumans.Final
outputofthemodelistodecideiftheimageofthewheatcropisdiseasedornot(Figure3).

3.8. Required Actions
Requiredactionisthepartdoneaftertheclassesofthedatahasbeenpredicted.Thisisthestagewhere
additionaloperationsaredone,andresultsbasedonthecurrentinputanditspredictedclassisgiven.

Theactionsandcalculationsinclude:

• Notifyingthefarmerwhenthediseasedclassispredictedbythemodel;
• Calculatingthedegreeofseverityofthedisease;
• Calculatingthetypeofdiseaseaffected;
• Recommendationsofpesticidesforthedisease.

4. oUTCoMeS

Whenthedetectionisdoneinearlystages,thenecessaryactionsdoneintherighttime,asmaller
numberofcropswillbeaffected.Farmerscanspendmoretimeonimprovingtheharvestingthan
lookingfordiseases.Havingalookattheinfectedportiontheperson’seffortisreducedasanalysing
theinfectedportionhecanjudgethetypeofdiseaseontime.

Figure 3. Prediction phase of neural model
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5. SoCIAL BeNeFITS

Thisresearchworkcanresulttogreateryieldsofthecrop.Asthepercentageofwheatyieldsaregood,
itwilldecreasethecostofthewheatfortheaverageconsumer.Onlongtermbasis,peoplewhoare
unabletobuyfoodcanaffordtohavetheirdailybread.Thiscanresultinreductionofworldhunger
whichisthemostconcerningissueintheworld.Farmerswillgainagoodmentalhealthduetothe
lesspressureonapplyingloansastheyieldimproves.Thisalsoreducessuicidecountoffarmers.As
theconsumptionofthewheatincreases,theaveragerateforpeoplefallingillwillalsoreduce.This
helpspeopleattainahealthylife.

6. CoMMeRCIAL BeNeFITS

Increaseinyieldofthewheatproductioncanhelpthefarmerstogainprofitswhichhe/shecanuse
tobuynewequipmentorlandstoincreasetheproductionandyield.Thiscouldleadtofarmingand
regainitspopularityinjobsegmentandmoreandmorepeoplecanentertheworldoffarming.

Thisresearchworkcanalsoresultinthenewcameratechnologiesthataremoreresistantto
harshweathers,energyefficientandalsolesscosting.Agricultureinsurancecompanieswhousethe
imagesforthepre-analysisofcropbeforethesanctioningofloancanspeeduptheirprocess,resulting
inhugeprofits.Newharvestingtechniquescanbeintroducedasthepeakresearchoneliminationof
commondiseasesinwheatcropcanberelaxedandresearchanddevelopmentcanbeputintheside
ofharvesting.Governmentagenciescanfundorprovideequipmentforfinanciallychallengedfarmers
tosetuptheprojectintheirownfields.Theresultscanbesuppliedtopesticide/fertilizercompanies
whocansupplytherequiredpesticidesfortherespecteddiseases.

7. DISCUSSIoN

WheatisoneofthemostimportantcerealgrainintheIndianfoodmarketorinfactintheworld.A
keyimportantissuefromafarmerpointofviewistocontinuouslyimprovetheyield.Fromindustry
pointofvieworbeingaresearcher,oneshouldcontinuewiththeireffortinimprovingthequality
ofthewheatcrop.Therearenumberofenvironmentalfactorsanddiseasesthataffectsthewheat
cropyield,andwhichresultsinheavylossestothefarmersaswellastothefoodindustry.Timely
detectionofthesediseasesbecomesimportantfromindustryaswellasfromfarmer’spointofview.

WiththelatestadvancementsincomputersciencefieldslikemachinelearningandInternetof
Things.It’spossibletoempowerthefarmerswithatechnologythathelpstheminimprovingtheir
cropyieldandmonitoringtheircrophealth.Inthisproposedworkapatternrecognitiontechnique
hasbeenproposedfordetectingthehealthofthecrop.

Inthistechnique,firstcropimageswillbecollectedfromthefieldandthenthefeaturesofthe
wheatcropwillbeextractedusingimageprocessingtechnique.Featuresextractedwillcontainadetail
aboutthediseaseaffectedregion.Thenfeaturescollectedfromallthecollectedimageswillbefed
toaclassifierbasedonmachinelearning.Thisclassifierwillclassifythatimageintotwocategories
healthyoraffected.Thenevaluationofthemodelwillbedoneintermsoftimeandspacetakenbythis
algorithm.Dependingonthefeedbackandanalysiscorrectionswillbedoneintheproposedapproach.

8. CoNCLUSIoN

Thisresearchwork,evenwithsmalloutcome,whenhelpingcertaingroupsofpeopleimprovetheir
workflowisalwaysconsideredasteptowardsthebetterfuture.Theproblemsoffarmersareextremely
importantastheiroutputisourfuture.Thefoodthatweeatisdyingatafastrateandmanyfarmers
areswitchingtowardsjobsinthecity.Thisresearchwillhelpthefarmersineverywaywhichinturn
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canhelpusinthebettermentofthefuture.Asitbasedentirelyonimageprocessingandmachine
learningthisworkwilldevelopandlearnwithtimeandmoreoftheaccuracypartwillalsoincrease
withtimetoo.Patternrecognitionhasrecentlybeenago-totoolinthefieldoflearningthepatterns
andartificialintelligenceandmachinelearningtoo.Neuralnetworktrainingwillonlyhelptheproject
thrivewithtimewithbetterprecision.
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