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ABSTRACT

PrecisionAgriculture(PA)isnowbecomingthebaseforrapiddevelopmentofanation.Somany
technologiesareusedinprecisionagriculturesuchasGlobalPositioningSystem(GPS),Artificial
Intelligence(AI),SensorNetworkandGeographicalInformationSystem(GIS).Thismanuscriptper
theauthorswillreviewallthefactorsthatinfluencetheprecisionagriculture.Thisarticledescribesthe
majorendeavorsinthepastofprecisionagriculture.Thenobleintentionbehindthisliteraturereview
andanalogyistofigureoutthegapbetweentheoreticalresearchandactualneedsoffarmers.Inorder
tofindouttheactualrequirementsmanuscriptspertheauthorshaveconductedaquestionnairein
RajasthanStateofIndia.Thisgapanalysiswouldbehelpfulforresearcherstodesignaneffectiveand
efficientdecisionsupportsystemforirrigationandfertilizationcanbedesignedforIndianfarmers.
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1. INTRodUCTIoN

Indiaisthelandofagriculture,wheremostoftheincomedependsuponagriculture.Accordingto
thesurveyofIndiaBrandEquityFoundation,58%oftotalpopulationhasagricultureasprimary
sourceof livelihoodandINR17.67Trillion isestimatedascontribution inTotalGDPofIndian
economy.Integrationofcomputerscienceandinformationtechnologycanplayamagnificentrole
inimprovingthequalityofagricultureprocess.ThisintegrationisknownasPrecisionAgriculture
(McBratney,Ancev,&Bouma,2005).Largenumberof technologies suchas ImageProcessing,
ArtificialIntelligence,GeographicalInformationSystem,SensorNetworkandGlobalPositioning
SystemareincludedinPrecisionAgriculture.Thefirstobjectiveofthepaperistoreviewofresearch
workdoneinthefieldofprecisionagriculture,secondobjectiveistocomparetheresearchwork
doneinoverseaswithIndia,thirdobjectiveistoanalysisthegapbetweenresearchworkpublished
andrealimplementationofPAbyIndianfarmers.FollowedbyIntroductionthispaperiscomprises
withcomponentofagriculture,reviewofpastendeavors,broachfromliteraturesurvey,analysisof
gapusingquestionnaire,conclusionandfuturework.

Thisarticle,originallypublishedunderIGIGlobal’scopyrightonJuly1,2019willproceedwithpublicationasanOpenAccessarticle
startingonFebruary4,2021inthegoldOpenAccessjournal,InternationalJournalofAgriculturalandEnvironmentalInformationSystems

(convertedtogoldOpenAccessJanuary1,2021),andwillbedistributedunderthetermsoftheCreativeCommonsAttributionLicense
(http://creativecommons.org/licenses/by/4.0/)whichpermitsunrestricteduse,distribution,andproductioninanymedium,providedthe

authoroftheoriginalworkandoriginalpublicationsourceareproperlycredited.
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2. CoMPoNENTS oF PRECISIoN AGRICULTURE

TheHomeGrownCerealsAuthority(HGCA)defineprecisionfarmingasbeing‘managementoffarm
practicesthatusescomputers,satellitepositioningsystemsandremotesensingdevicestoprovide
informationonwhichenhanceddecisionscanbemade.’UnitedStatesDepartmentofAgriculturealso
definesasagriculture‘asneeded’farminganddefineitas‘amanagementsystemthatisinformation
andtechnologybased,issitespecificandusesoneormoreofthefollowingsourcesofdata:soils,
crops,nutrients,pests,moistureoryield,foroptimumprofitability,sustainabilityandprotectionof
theenvironment’.ComponentsofAgricultureareGIS,SatelliteNavigationSystem,WirelessSensor
andImageProcessing.

• GeographicalInformationSystem(Rigaux,Scholl,&Voisard,2002)isasetofcomputerprograms
thatisusedtoretrieve,store,manageandanalyzespatialandgeographicaldata.Geographical
InformationSystemisusefulinmanyfieldslikeCrimeMapping,Hydrology,WaterManagement,
andofcourseinprecisionagriculture.Therearemanyopen-sources,freeandlicensedsoftware
availableforcreatingmapslikeArcGIS,GRASSandOpenStreet,etc.Fieldmapping,detection
ofsoilerosionandestimationofEvapotranspirationarethefieldsofprecisionagriculturewhere
GeographicalInformationSystemisused.

• SatelliteNavigationSystemsprovidespatialpositioningofageo-locationusingsatellite.GPS
(GlobalPositingSystem)istheimplementationofnavigationsystem.GPS(“GlobalPosition
System,2018)isthenetworkofsatellitesthatmakesavailableageographicallocationtoaGPS
serverwiththehelpofnavigationdevices.Placelocation,vehicletracking,andaviationarethe

Figure 1. Components of precision agriculture
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majorapplicationsofGPS.Inprecisionagriculture,GPSplaysavitalroleintractorguiding,
yieldmappingandcropmonitoring.

• WirelessSensorNetwork(Akyildiz,Su,Sankarasubramaniam,&Cayirci,2002)isanemerging
fieldofresearch.WirelessSensorNetworkisanetworkofphysicallyscatteredsensingnodes
which are self-organizedbutdecentralized innature.WirelessSensorNetworks areused in
security,health-caremonitoring,firedetectionandmanyotherareas.Inagriculture,Wireless
SensorNetworksusedinfieldmonitoringandautomatedirrigationsystems.WSNinAgriculture
isshowninbelowFigureNumber2:

• ImageProcessing(Baxes&Gregory,2002)ismainlyconcernedwiththeprocedureofcapturing,
enhancing,extracting,compressingandanalyzingthedigitalimage.Imagingprocessingisvery
usefulindesigning,medicalimagingandpatternrecognition.Yet,imageprocessingisusedin
GeographicalInformationSystem,butithasseparateapplicationslikeidentificationofNitrogen,
PotassiumandPhosphorus(NPK)componentofacropusingcolorofleaf.

3. REVIEw oF PAST ENdEAVoRS

Themainobjectiveofthispaperistoreviewtheeffortsmadebyresearchersinthisfield.Authors
arementioningfromtheyear2000.

Intheyear2000,(Bell,2000)fromStanfordUniversityproposedCPD-GPSbasedautomatic
tractorguidancesystem.CPD-GPStechnologywasusedbecauseitcollectsthedatawithcarrierphase
receiver.Thesesignalsareofhigherfrequencythatresultsofsub-meteraccuracy.Thefuturework
wasofthisresearchistouserealtimekinematicGPS.Anotherauthors(Stoll&Kutzbach,2000)
proposedanideaofRTK-GPS(RealTimeKinematic-GPS)basedforageharvester.Anautomatic
Steeringsystemwasembeddedwiththeharvester,theyalsodevelopedpathplannerfortheswath
harvestingoperation.Inthistechnology,theyusedRTK-GPSbecausethissensorisindependentof
fieldoperationsandweather.Fordevelopingthepathplanner,achainofstraight-lineelementswas
used.Futureworkofthisresearchistodeveloppathplannerformoreshapeslikecurves.

In2001,(Pradhan,2001)usedGeographicalInformationSystemandRemoteSensingtechnology
toestimatecroparea.Themaingoalofthisworkwastodevelopaninformationsystemwhichwould
supportthedecisionforselectionareaofmajorcropsinHamadaninIran.Thisworkwascarried
outwiththehelpofareaframesamplingandsatelliteimageswhichwereclassifiedinGeographical
Information System software. Another authors (Ray & Dadhwal, 2001) [8] carried out another
greatuseofGeographicalInformationSystemandRemoteSensing.Theyestimatedseasonalcrop
evapotranspiration by estimating Crop Coefficient and Reference Crop Evapotranspiration. As

Figure 2. Scenario of WSN in agriculture
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technicalpoint,theyusedRSdataofwidefieldsensorandon-boardIRS-ICsatellite.Thestudywas
doneinKhedaDistrictofGujrat,IndiaonTobaccocrop.Developinganirrigationschedulerwasthe
describedfuturework.

Intheyear2002,notonlyGeographicalInformationSystembutfuzzysetswerealsousedfor
dataanalysis.Theworkwasdoneby(Feoli,Vuerich,&Zerihun,2002)thegoalsoftheirworkwas
toevaluatetherelationshipbetweenenvironmentalandsocio-economicvariablesinruralareasand
tocomputeeffectofhumanpressureonnaturalresourcesandviceversa.Thestudywasdoneinthe
TigrayregionofEthopia.GeographicalInformationSystemwasusedinintegrationofdatagenerated
throughfieldworkandfromdifferentmaps.AlargenumberofmapswereusedlikeGeomorphological,
AltitudeMap,Land-UseMapandNDVIetc.

ArtificialIntelligencewasusedtoassistsImageProcessing.Thisworkwasdoneby(Aitkenhead,
Dalgetty,Mullins,McDonald,&Strachan,2003)theobjectiveofthispaperwastodevelopaprocedure
todistinguishdifferencebetweencropsandweed.Thisprocedurewasdevelopedinthreestagesi.e.
imagecapturing,imageprocessingandImageinterpretation.Theexperimentwasdonewithcarrot
andtwoweedspeciesRyegrassandFatHen.PentiumIIIPCwasusedforprocessing24bit-1279
*959images.Asix-stepalgorithmwasadoptedtoidentifydifferentplantsbyprovidingimages
ofvegetation.Now,thediscriminationwasdonewithtwomethods-PlantMorphologyandNeural
NetworkMethod.TheyconcludedthatPlantMorphologymethodproducedprominentresultswhen
plantswereisolatedfromoneanother,whichwaspracticallynotfeasible.Neuralnetworkmethod
wasmoreflexibleandrequiredlesshumanintervention.Inanotherresearch,greatworkwasdone
by(Seelan,Laguette,Casady,&Seielstad,2003)theydevelopedUMACModelforuniquelearning
communityapproachwiththehelpofRemoteSensingtechnology.Itwasdividedintofourgroups,
resultingindevelopmentoftechnology,whichgeneratedrightgeospatialproduct,andtomakeavailable
innearrealtime,transferofvitalknowledgeusingorganizedtrainingprograms.

Soilisthemajorfactorforyieldofanycrop.Manythingsaffectthehealthofsoil.Fortime
savingandtogetaccurateresultsseveralOn-the-Gosensorsareavailablewhicharedescribedby
(Adamchuk, Hummel, Morgan, & Upadhyayain, 2004). They describe four types of sensors i.e.
ElectricalandElectromagneticSensor,OpticalandRadiometricsensor,MechanicalandAcoustic
sensorandlastelectrochemicalsensors.(Perini&Susi,2004)designedadecisionSupportSystem
forintegratedproductioninAgriculture.ThisDecisionSupportSystemwasbasedonTroposwhich
has5stagesofdevelopment.ThefirststageisEarlyRequirementAnalysiswhichfocusesonthe
understandingofproblem.ThesecondstageisLateRequirementAnalysiswhichonthesystemtobe
introduced.ThethirdstageisArchitecturalDesignwhichismadeupofvarioussubsystemsknown
asActors,whichhasuniquetaskstoperform.ThethirdstageisDetailDesignwhichisdesignedfor
makingaSkeltonatthemicrolevel.ThelaststageisimplementationActivitywhichperformsthe
actualcodingpartofDecisionSupportSystem.

In2005,(Panigrahy,Manjunath,&Ray,2005)usedRemoteSensingandGeographicalInformation
Systemtoderiveindicesforassessmentofsustainabilityandefficiencyofthesystem.Previously
theseindiceswerecollectedthroughsurveymethods,buttheyusedGeographicalInformationSystem,
whichresultedintimesaving.RadarastSyntheticApertureRadar&IndiaRemoteSensingSatellite
wasusedtoderivecroprotation,cropcalendarandcroppattern.ThestudywasdoneinWestBengal-
IndiaonRice,Mustard,PotatoandJuteetc.

InformationandCommunicationTechnologyisveryhelpfulinAgriculture,(Laliwala,Sorathia,
&Chaudhary,2006)designedevent-drivenbasedservice-orientedAgricultureInformationSystemin
2006.Itwasmulti-layertierarchitectureusefulfordeliveringinformationtoend-userforourfarmer.
Event-BasedServiceOrientedInformationSystemisshowninFigureNumber3.

Asdescribedinfigure2,thisarchitecturehas5layerswhicharedescribedas

1. SourceofInformation:Thisisinformationproviderlayersuchasweatherdataprovider,agriculture
departmentandmarketetc.
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2. Notification Generator: This is Event & Notification Engine layer, which is responsible for
handlingeventslikeanychangeinmarketpriceofacroporanyweatherforecast.

3. MiddleServer:ThisisOntologyServerLayer,designedespeciallyforagriculturevocabularies
andprovidesinformationaboutvariousservicesimplementedinthisAgricultureInformation
System.

4. RulesEngine:Itistheheartofthesystem.Ithasasetofrulesandconstraintswhichareremarkable
for end-user like farmer.When thenotificationgeneratornotifies anevent it suggests some
guidelinestotheuser.

5. End-User:ThisisWS-MobileClientLayerwheretheinformationisprovidedtotheend-user
throughwebservice.Thissystemiscapableofdeliveringinformationtomobiles,PDAsand
laptops.

Thefutureworkofthisprojectwastousegridservicesinthissystem.
Waterscarcityisthemainproblemthatauthorshavebeenfacingsincelongandalargeamount

ofwaterisrequiredforirrigation.(Ines,Honda,Gupta,Droogers,&Clemente,2006)presentedan
approachthatexploreswatermanagementoptionsrequiredforirrigation.Thisworkwascarriedout
withthehelpofRemoteSensingsimulationmodelingandwiththehelpofGA(GeneticAlgorithms).
TheyuseddataassimilationapproachwiththehelpofremotesensinganduseSWAPmodel(Soil-
Water-Atmosphere-Plant)forwatermanagement.

In2007,COMMONSenseNetWirelessSensorNetworkbasedsystemwasdesignedby(Panchard,
Prabhakar,Hubaux,&Jamadagni,2007)ADecisionSupportSystemhelpedfarmersinhighlyvariable
conditions.Itwasathree-tierarchitecturemodel.ThefirstlayerwasWirelessSensorNetworks,which
wasusedtocollectdatafromthefield.Second,CropModels(Simulators)wereusedtoderivethe
logic,whichwashelpfulforfarmerbasedoninputsfromthefirstlayer.Third,WebbasedGUIwas
developedthatpasstheinformationtothefarmer.

In2008,ZigBeebasedWirelessSensorNetworkwasusedtomonitorthefield.(Lin&Liu,
2008)proposedthearchitecture,whichcontainedvariousSensors,ZigBeeTransmitter,andZigBee
Receiver&SOCPlatform.Agriculturesensorssuchastemperature,soilmoisturewereattachedwith
acircuitwhichprovidedinputtoZigBeeTransmitterviamicrocontroller.Attheotherend,ZigBee
ReceiverwouldreceivethedataandtransfertoaMicro-controller.Inthissystem,SystemonChip
micro-processorisusedthatwouldresendthedatatoend-userviaRJ-45connectorandendusercould
seetheinformationonawebpage.(Yang&Li,2007)developedamobileapplicationforinformation
systemfornewvarietiesofMaze inChina.Thisapplication internallyhad threemodules.First,
InformationSupportModulewhichwasresponsibleforimplementinginformationaboutvarieties
ofMazesuchasadding,deleting,modifying,cultivationhabitsandmanymore. Itcomprisedof
digitalmapsthatimplementedquerybasedonregion.SecondwastheProblemDiagnosisModule
whichwasspeciallydesignedfordiseasediagnosis,lackofnutritionandcultivationmanagement,
italsoofferscureandpreventionmeasures.ThethirdmodulewasBusinessManagementModule,
whichcomprisesofdailybusinessmanagementandinvestigationsystem.Thefourthmodulewas
UploadandDownloadmodule,whichwasresponsiblefordownloadinginformationaboutvarious
regionsandcenters.

Figure 3. Event-based service oriented information system
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Movingtoyear2009,On-farmwirelesssensorswereusedforagriculturesystemby(Pierce&
Elliott,2008).Thissystemwasusedforrealtimemonitoringandtocontrolvariousoperationsoffarm.
Thereweretwomainobjectivesofthiswork,firstwastodevelopabetterWirelessSensorNetwork
thatcouldreplacePublicAgricultureWeatherSystemandsecondonewastodesigneconomicand
real-timemobile system that couldmonitor frostprotectionequipmentnamedasAgWeatherNet
andAgFrostNet.TheregionalsensornetworkcomprisedofAWN200datalogger900MHzFHSS
(Frequency-hoppingspreadspectrum)radiofrequency.(Kim&Evans,2009)inirrigationsystem
againusedwirelessSensorNetwork.TheydevelopedaDecisionSupportSystemcomprisingof
in-filedWirelessSensorNetworkimplementedinsprinklesystemusingBluetoothcommunication
namedasWISC.Theyalsodevelopedanalgorithmfornozzlesequencingthatreducedhydraulic
pressure.Indeed,themainapplicationofWirelessSensorNetworkistorealtimemonitoringwhich
authorshaveseenintheaboveliterature.Alotofworkhasbeendoneusingthissametechnique,
henceauthorswillnotdiscusstheseresearchesinthispaperanymore.

Till now authors discussed about field monitoring, irrigation decision support systems and
informationsystems,butinthis2010ExpertSystemweredevelopedby(Kalita,Sarma,&Choudhury,
2010)whichwascapableofdiagnosingdiseaseincropofrice.Thissystemwasdesignedwiththe
helpofESTA(ExpertSystemforTextAnimation).Thisexpertsystemconsistedofthreemodules.
Moduleonewasresponsibleforidentifyingtheproblemwhichwasstructuredinnatureandmodule
identifyaspattern.ThesecondmodulewasKnowledgeAcquisition,whichwastheactuallyheartof
thesystem.Itcomprisedofinformationregardingofsymptomsofdiseaseandremedyforsubsequent
disease.Imagedatabasewasalsoattachedwiththissystemformaintainingtheefficiencyofthesystem.
ThirdmodulewasKnowledgeRepresentation,whichwasresponsiblerepresentingtheinformation
instructuredform.Further,inthisyear(Li,Qian,Yang,Sun,&Ji,2010)designedaPDA(Personal
DigitalAssistant)forkeepingtheproductionrecord.ThisPDAwasnotonlycapableofkeepingthe
productionrecordbutalsocapableofactingasaDecisionSupportSystemfortraceabilityincucumber
usingGeographicalInformationSystem.ItwasaWindowsOperatingSystembasedPDAwhichwas
madeoffourlayers.Layer1wasoperationSystemwhichprovidedfacilitiesformemorystorageand
high-resolutiondisplay.SecondLayer,theSoftwareSupportLayerwasresponsibleforproviding
mapmanagementanddatasynchronization.ThenextlayerwasModelLayer,whichfacilitatedthe
userasfertilizerdecisionsupportandearlywarningmodel,thislayerwasdesignedinC#.Thelast
layerwasFunctionLayerthatprovidedfacilitykeepinganddecision-makingfacilities.

Asauthorsmoveforwardinchronologicalorder,technologyalsochanges.In2011(Yan-e,2011)
proposed Agriculture Management Information System, which was based on Internet of Things
(IoT).IoTwastheemergingtopicofresearchatthetime.Thispaperdoesnotfocusonaspecific
objectivebutelaboratesoverallparametersofprecisionagriculture.Thisdesignismulti-layeredin
nature.Layer1isInformationAcquisitionlayerthatisresponsibleforcollectinginformationfrom
varioustechnicalsourceslikeGPS,RemoteSensingandvarioussensors.Layer2canbecalledas
thePre-Processorlayerisresponsibleforconvertingrawinformationcomingfromlayer1inusefull
informationusingGIS&Imageanalysistools,informationcentersanddataanalysistools.Inthenext
layer,thisinformationissavedintothecorrespondingdatabases.TheuppermostlayerisApplication
Layerwhichisresponsiblefordesignofcropmodels,DecisionSupportSystemandExpertSystem.
PrecisionagriculturewithInternetofThingsisshowninFigureNumber4.

Inthefollowingwork,softcomputingisusedinagriculture.(Papageorgiou,Markinos,&Gemtos,
2011)designedaDecisionSupportSystemforpredictingyieldofcottonbasedonFCM(Fuzzy
CognitiveMaps).FCMisaspecialpartofAI,whichisagraphicalrepresentationofknowledgeabout
asystem.FCMisacombinationofcognitivemappingandfuzzylogic.InthisFCM,differentsoil
factorsareconsideredfordesigningtheproposedDecisionSupportSystem.Themainsoilfactorsare
Nitrogen,Potassium,Phosphorous,soiltexture,etc.Thesefactorshave2,3,4,5and7fuzzyvalues.

In2012,(Intaravanne,Sumriddetchkajorn,&Nukeaw,2012)usedcameraofmobilephoneas
sensorforestimationofripenessinbanana.Thiswastwo-dimensionalandspectralanalysis-based
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model.Themainconceptbehindthisworkwasanalyzingtwospectralimagesusingultravioletand
whitelightillumination.Thecameraofmobilephonewasembeddedwithawhitelightsourceand
anultravioletlightsource.Thisworkwaspixel-basedworkinwhichWLR(WhiteLightRatio)and

Figure 4. Precision agriculture with Internet of Things
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UVR(Ultra-violet)ratiosarecalculatedusingredandgreenvaluesofthatpixel.Foridentifying
ripeness,thresholdvaluesareusedusingthisformula:
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Where:
WLRisWhitelightRatio,
UVRisUltraVioletLightRatio
handkarethresholdvaluesdependuponripestagesonsamedayandthedaybeforeofwhite

lightandultravioletspectrum.
Aweb-basedDecisionSupportSystemnamedasCropScapewasdevelopedby(Han,Yang,

Di,&Mueller,2012)whichhelpedfarmersindisseminatingandexploringcroplanddataproducts
ofUSConterminous.CropsScapeofferedonlineresponsivemaps,statisticsofcropacreage,web
basedgeo-processingsuchasondemandcropstatisticsandautomaticdatadelivery.Thissystemwas
dividedinthreelayersi.e.ApplicationLayer,ServiceLayerandDataLayer.TheApplicationLayer
dealwithvariousgeospatialbasedapplicationsthatincorporatedwithonlineservicewithlocaldata.
TheServiceLayerwasresponsibleformakeavailablegeospatialdataanditsprocessingservicewith
thehelpofWebMapServices,WebFeatureServiceandWebCoverageServices.TheDataLayerwas
responsibleforofferinggeospatialdata,whichwasstoredindatabaseandinfile.Thedatareceived
bydatalayerwasagainsentbacktotheapplicationlayerforend-user.

In 2013, (Kongsombut & Chaisricharoen, 2013) developed a smart phone based real time
advisorysystemfororchids.Itwasmodel-drivencloudcomputingbasedmodel.Itwasandroidbased
applicationregisteredtheuserandnotifytheuserusingthepushnotification.Theinformationabout
nurseryorchidisalsocollectedfromsmartphones.Therewerethreetypesofdatabaseswereusedin
thissystem.FirstdatabasewasMemberDatabasethatregisteredanurseryorchidasmember’sprofile
andnotifiedthemember.TheseconddatabasewasWeatherDatabaseinwhichweatherinformation
wascollectedbyMetrologyDepartmentlikeairtemperature,airmoistureandairhumidityisstored
inthisdatabase.ThethirddatabasewasOrchidCareInformationwhichcollectedinformationfrom
observationandexperienceofnurserymanandauthenticandmeasurableresearchdata.

Smartphonewasagainusedby(Confalonieri,etal.,2013)forestimatingtheLeafAreaIndex.
PreviousmethodsofestimatingtheLeafAreaIndexwereoftentimeconsuminganddestructive.
IndirectmethodswerealsousedtoestimatetheLeafAreaIndexbasedonlighttransmissions,but
theywereexpensiveandhadlowportabilityuse.Anewsensor-basedapplicationwasdesignedwhich
implementedtwomethodsAPP-LandAPP-Gbasedonestimationofgap.

Anothermethodologyfordiseaseidentificationintheleavesusingmobilephonemobilewasdone
by(Prasad,Peddoju,&Ghosh,2014).Thebasicfeaturesofthissystemweretoidentifythediseased
patchandtransfer theimagetotheserver.Imagesegmentationwasdonebyk-meansclustering
approach.TheimagecapturedfromcellphonewasconvertedintoCIE(ComissionInternationalede
l’Eclairage).5*5averagefiltermaskwasappliedtoremovenoisefromtheimage.Theclustering
algorithmwasappliedtoidentifytheAOI(AreaofImage).Firstclusterwasbackground,second
clusterwasgreenportionandthethirdwasnon-greenportionthatdiseasedarea.TheAOIthatwas
diseasedareawascroppedoutandsenttotheserverlocatedatplantpathologylaboratoryviawireless
communicationtechnique.Forreducingpowerconsumptionintheonlysegmentationandcropping
wasdoneonmobileandremainingoperationswereperformedattheserverend.

Moving to thenextpaper, (Murakami,2014)developed iFarmawebandcloud-based farm
managementsystem.Withthistechnology,afarmercouldreferhisworkplan,feedfielddatainto
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thecloudstorageandsendthisdatatotheheadoffice.Personatheadofficecouldseethisdatausing
webbrowser.Hewasableestimatethecostandplanbetterforfuture.iFramesystemisshownin
FigureNumber5.

Attheheadoffice,theserverhassomecomponentssuchasfieldmanager,out-sidefieldmanager,
taskmanagerandcostmanager.FordevelopingthissystemMySQL,ApacheandRubyonRails
technologieswereused.ThefutureworkofthiswastouseBigDataforcultivationmanagement.

(Lin,Wen,Wu,Lin,&Wang,2014)developedasmartirrigationsystem.Thissmartirrigation
systemwasanindependentAIandIoTbasedindependentsystemthatcouldautomaticallyirrigate
thefarms.Therewerethreephasesinthesystem.ThefirstphasewasInputPhasewhereinputcould
begiventhroughmobilephoneanddifferentsensors.ThesecondphasewasProcessingphasewhich
containedserver,databaseandsprinkle-basedirrigationcontroller.Thethirdphaseisoutputphase
thatresultscanbesenttoamobileorcanbeimplementedtoavalve.Alltheinformationcouldbe
keptoncloudstorage.Thebeautyofthissystemwasthatfarmercouldcontroltheirrigation(setoff
andon)usingmobilephoneswhileawayfromthefarm.

Intheyear2015,(Giusti&Marsili-Libelli,2015)designedafuzzybasedDecisionSupportSystem
forirrigationandwaterconservation.InthisworkwasanenhancedversionofIRRINETmodel.Fuzzy
toolboxofMATLABwasusedtodevelopthismodel.Themainobjectiveofthisenhancedmodel
wastoawareaboutwhetherirrigationisneededanditsamountbydifferentsetofrules.Thismodel
wasbasedonfuzzyinferencesystemwhichcombinedfuzzybasedsoilmoisturemodel.Thissoil
moisturemodelwasdesignedwithtotalwaterrequiredtothecrop,growingdegree-daysandcrop
evapotranspiration.Testingwasdoneoncorn,potatoandkiwi.Inthesameyear,(Bartlett,Andales,
Arabi,&Bauder,2015)developedanapplicationforirrigationscheduler.Itwasevapotranspiration
andcloud-basedapplicationnamedasWISE(WaterIrrigationSchedulingEfficientApplication).
Themainuseofthisapplicationwastoviewweathermanagement,soilmoisturedeficitandwas
capableofcalculatingamountofirrigation.Continuewiththesameyear,anothersmartphone-based
applicationwasdevelopedby(Migliaccio,Morgan,etal.,2015)usingFAOcropwaterneed(Foodand
AgricultureOrganization,UnitedStates).ThisapplicationwasmainlydesignedforAvocado,Cotton
etc.Thisapplicationhadauniquefeaturethatitaddedoninputfromclientelegroups.However,it

Figure 5. Overview of iFrame system
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isstillinthetestingphase.FiberopticNPKSensorwasdevelopedby(Ramane,Patil,&Shaligram,
2015),fiberopticbasedcoloursensorhasbeendevelopedtodetermineN,P,andKvaluesinthesoil
sample.Herecolorimetricmeasurementofaqueoussolutionofsoilhasbeencarriedout.Thecolour
sensorisbasedontheprincipleofabsorptionofcolourbysolution.IthelpsindeterminingtheN,P,
Kamountsashigh,medium,low,ornone.Thesensorprobealongwithpropersignalconditioning
circuitsisbuilttodetectthedeficientcomponentofthesoil.

Continuedinthesameyear,(Gaikwad&Galande,2015)presentedintegrationofNPKsensor
withwirelesssensornetwork.Thisexperimentisveryusefulforagriculturescientistandfarmers.
Variousenvironmentalissuesliketemperature,nitrogen,potassiumandairhumidityetc.thataffect
theyieldofcropcanbemonitoredbythissystem.Allsensornodesarewirelesslyconnected(using
WSN802Gmodule)withcenterserverwherethedataiscollected,stored,interpretedanddisplayed
tothedesiredoutputsystem.

Lastbutnotleastintheyear2016,Arduinobasedirrigationsystemwasdevelopedby(Arvindan
&Keerthika,2016).Thesoilmoisturesensorwasattachedirrigationcontroller.Irrigationcontroller
wasagainconnectedwithmicro-controller(Arduino–Uno),whichwasalsoconnectedwithBluetooth
chip(HC-05module).Thismodulewasresponsibleforsendingandreceivingdatato/fromandroid
phones.Theuserofandroidmobilephoneswasabletocontroltheirrigationsystembyswitching
ON/OFFfeatureonhismobilephoneapplicationwithoutbeingpresentattheirrigationsystem.

4. BRoACH FRoM LITERATURE SURVEy

In the above section, authors have surveyed research papers related with precision agriculture.
AuthorshavestudiedhowthesetechnologiesmakeeasyandefficienttheprocessofAgriculture.
Inthissection,authorsaresummarizingtheworkdoneinthefieldofprecisionagricultureinthe
tabularformat(Table1).

Indiaisthecountryofvillages,whereagricultureistheprimesourceoflivelihood.Hereauthors
aredepicting the ratioof thework inprecisionagriculture in India andoverseas.Workdone in
precisionagricultureinOverseasandIndiaisshowninFigureNumber6.

5. ANALySIS oF GAP

In the above section, it has seen the development of technology of Precision Agriculture in the
pastdecade.Thequestionthatariseshereisthatdoesthisevolutionoftechnologyreallyaffectthe
farmers?Dothesetechnologiesworkatthegroundlevelandusefulforfarmers?Toknowtheanswer,
oneshouldbeawareabouttheactualneedoffarmersthenitcanbeansweredthatthisliteratureis
actuallybeneficialornot.Inordertoawaretherequirementsoffarmers,conductedquestionnaire-
basedsurveyofthefarmers.

5.1. Area of Study & Target Population
Indiaisalargecountywith3.287millionkm2area.Inordertoconductthesurvey,authorshavechosen
theRajasthanstateofIndia(27.0238°N,74.2179°E).RajasthanisthelargeststateofIndiawiththe
areaof342,239SquareMeterandcontribute10%tothetotalgeographicalareaofthecountry.Itis
locatedinnorthwesternpartofIndia.Thisstatehasamixculture,climateconditionandagriculture
practicesofNorthandWestpartofIndia.ThemajorcropsofRajasthanaremustard,barley,wheat,
rice,milletsetc.Thesecropsarealsoyieldedinvariouspartsofthecountry.Around23.3%ofthe
populationiscultivator,whichisalsoourtargetpopulation.
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Table 1. Summary of work done in precision agriculture

S.N. Name of Author(s) Year Work done Technology used Future Scope

1 ThomosBell 2000 AutomaticTractor
Guidance GPS

2 AlbertStoll&Heinz
DieterKutzbach 2000 GuidanceofForage

Harvester RTK-GPS

3 SunilPradhan 2001 CropAreaEstimation RemoteSensingand
GIS

4 S.S.RayandV.K.
Dadhwal 2001

Estimationofcrop
evapotranspirationof
irrigationcommandarea

RemoteSensingand
GIS

Developingof
irrigationscheduler

5
EnricoFeolia,Laura
GalliziaVuerich,&Woldu
Zerihun

2002
Evaluationof
environmental
degradation

RemoteSensingand
GIS

6

M.J.Aitkenhead,I.A.
Dalgetty,C.E.Mullins,
A.J.S.McDonald&N.J.C.
Strachan

2003 Weedandcrop
discrimination

Imageanalysisand
Artificialintelligence

7
SanthoshK.Seelan,Soizik
Laguette,GrantMCasady,
&GeorgeASeielstad

2003 AgricultureInformation
System

GISandRemote
Sensing

8
V.I.Adamchuk,
J.WHummel,M.TMorgan
andS.KUpadhyaya

2004 ReviewofSensorsfor
precisionagriculture OntheGoSensor

9 AnnaPeriniandAngelo
Susi 2004

Decisionsupportsystem
forintegratedproduction
inagriculture

GISandSoftware
Engineering

Developmentof
SoftwareAgent
forwithreference
toacriticalpestof
apple

10 S.Panigrahy,KR
Manjunath,andS.S.Ray 2005 Derivingcroppingsystem

performanceindices
GISandRemote
Sensing

11
ZakirLaliwala,Amee
Desai,&Sanjay
Chaudhary

2006 Agricultural
RecommendationSystem

Software
Engineering(JAVA)

Automationinthe
processdiscovery,
IntegrationofGrid
ServicesandWeb
Servicestoharness
thepowerofgrid

12

AmorV.M.Ines,Kiyoshi
Honda,AshimDasGupta,
PeterDroogers,&Roberto
S.Clemente

2006
Explorewater
managementoptionsin
irrigatedagriculture

RemoteSensingand
GeneticsAlgorithm

13

JacquesPanchard,
PrabhakarT.V.,Jean-
PierreHubaux,&H.S.
Jamadagni

2007

Resource-Poor
Agricultureinthe
SemiaridAreasof
DevelopingCountries

WirelessSensor
Network

Enhancement
ofthesystemis
tomodifythe
cropmodelsthat
currentlyassess
soilmoisture
indirectlyfrom
rainfallandsoil
characteristics

14 Jzau-ShengLinandChun-
ZuLiu 2008 FieldMonitoringSystem

WirelessSensor
Network,ZigBee
Technology

continued on following page
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S.N. Name of Author(s) Year Work done Technology used Future Scope

15 Yang,FengandShaoming
Li 2008

Informationsupport
SystemFornewMaize
variety

ExpertSystemand
Smart-Phone

16 F.J.PierceandT.V.Elliott 2008 FieldMonitoring WirelessSensor
NetworkandJAVA

17 Y.KimandR.G.Evans 2009 SprinklerIrrigation
Controller

SensorNetworkwith
Bluetooth,GPSand
MicrosoftVisual
C++.Net

18
HemantaKalita,Shikhar
Kr.Sarma,&RidipDev
Choudhury

2010 DiagnosisofDiseasesin
RicePlant

ExpertSystemshell
ESTA

19 Jzau-ShengLinandChun-
ZuLiu 2010 DSSfortraceabilityin

cucumberproduction
DesignofPDA,with
.NetPlatform

20 DuanYan-e 2011
IntelligentAgriculture
ManagementInformation
System

InternetofThings

21 E.I.Papageorgiou,A.T.
Markinos,&T.A.Gemtos 2011 Predictingyieldincotton

cropproduction
Fuzzycognitivemap,
FCMtool

22
YuttanaIntaravanne,Sarun
Sumriddetchkajorn,&Jiti
Nukeaw

2012 Bananaripeness
estimation

Cellphonewith
SpectralAnalysis

23
WeiguoHan,Zhengwei
Yang,LipingDi,&
RichardMueller

2012

Exploringand
disseminating
conterminousgeospatial
croplanddataproducts

WebBased(Java,
JavaScript,XML)
andGIS

24 KorakochKongsombutand
RoungsanChaisricharoen 2013 AdvisoryServicefor

OrchidCare AndroidandWSN

25 R.Confalonierietal. 2013 EstimatingLeafArea
Index

SmartPhonewith
CameraSensor

Involvedifferent
technicalaspects
fortheuseof
information
acquiredat
differentangles
andoptions
forexplicitly
accountingforthe
clumpingeffect

26 ShitalaPrasad,SateeshK.
Peddoju,&D.Ghosh 2004 PlantLeafDisease

Identification
SmartPhonewith
CameraSensor

27 YukikazuMurakami 2014
CultivationandCost
Managementfor
Agriculture

WebBased,Smart
PhoneandCloud
Computing

Implementationof
BigData

28

YuHengLin,Chase
(Youdao)Wen,Yolanda
Wu,AbelLin,&Yuchen
Wang

2014 SmartIrrigationSystem IoT,SenorandSmart
Phone

Table 1. Continued

continued on following page
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5.2. Sampling Technique
Sincethereisalargeamountoftargetpopulation,andevenlargeamountofsamplesize,soinorderto
conductthesurveyinsuccessfulmannertheTwo-stageSamplingTechnique(“TwoStageSampling”,
2018)isused.Thissamplingtechniqueissimilartoclustersamplingbuteverytimenewsamples
aretakenfromeachcluster.

5.2.1. Selection of City
GovernmentofRajasthanhasdividedalldistrictsinsixzones.Eachzoneisrepresentedbyonecluster
soonecityisselectedfromeachclusterusingtheLotterymethod,asdepictedinTable2.

5.2.2. Sample Size
Sincesamplesareinhomogenousinnature,becausecroppattern,typesofsoil,groundwaterlevel,
availabilityofwater,conditionoffarmersofeachselectedcityaresimilar,sotooktwenty-fivefarmers
fromeachoftheselectedcities.Hencetotalsamplesizeis150.

5.3. design of Questionnaire
OurobjectiveistofindthegapbetweentheadvancedresearchdevelopmentinPrecisionAgriculture
and real problems faced by our farmers. For this, we have designed the questionnaire. This
questionnairehasthirty-fivequestionsinwhichnineteenquestionsaremultiplechoiceswithsingle
answer,ninequestionshavemultiplechoiceswithmultipleanswersandremainingsevenquestions
areopenended.SincefarmersarenotfluentandcomfortableinEnglishlanguagequestionnaireis
translatedtoHindiLanguageandchangedsomebasicmeasuringunitssuchassizeoflandinHector
haveaskedinBigha.

S.N. Name of Author(s) Year Work done Technology used Future Scope

29 E.GiustandS.Marsili-
Libelli 2015

IrrigationandWater
Conservationin
Agriculture

SCADAand
ArtificialIntelligence
(FuzzyBased)

Portingofthe
FDSSontothe
field,whereit
willbeconnected
withadedicated
sensor/actuator
network,required
forthecomplete
automationofthe
irrigationprocess

30
A.C.Bartlett,A.A.
Andales,M.Arabi,&T.A.
Bauder

2015 IrrigationScheduling
CloudComputing,
IOTandAndroid
Development

31 K.W.Migliaccioetal. 2015 IrrigationScheduling
iPhoneApplication
andAndroid
Application

32 DeepaV.Ramane,Supriya
S.Patil,&A.D.Shaligram 2015 DetectionofNPK

nutrientsofsoil FiberOpticSensors

33 GaikwadS.VandGalande
S.G. 2015 MeasurementofNPK WSNandDigital

Sensor

34 A.N.ArvindanandD
Keerthika 2016 AutomatedIrrigation

System
ArduinobasedMicro
Controller

Table 1. Continued
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5.4. Results from the Questionnaire
Inthissection,analyzingtheresponsesgivenbythefarmers.Thisquestionnairewasfilledby1568
farmer.

5.4.1. Education
The most important parameter is education. An educated farmer can manage agriculture very
effectively.Itwasfoundthat39%farmerscompletedtheirbachelor’sdegreesandonly3%offarmers
wereilliterate.Therefore,itcanbeconcludedthatfarmersarewelleducated.Themostimportant
resultwasthat83%ofthefarmerswerefluentinHindilanguageonly.Educationleveloffarmersis
showninFigureNumber7.

5.4.2. Dependency on Agriculture
Thenextimportantissueisthatofdependencyofthefarmeronagriculture.Thisindicatestherole
ofagricultureinearninglivelihoodoffarmers.Herenoticedanunexpectedlylowfiguresindicating
only36%farmersarefullydependentonagricultureand64%haveothersourcesofincome.

5.4.3. Requirement of Irrigation
Rajasthan is an arid region. The average rainfall lies between 200-400 mm. This rainfall is not
sufficientforcropsthatyieldinRajasthansuchaswheat,riceetc.Hencemostoffarmersdepend
onirrigationfromcanals,rivers,openwells,Tubewelletc.80%offarmerscultivatetheirlandfrom
rainfall(Basin)andfromirrigation.MethodofcultivationisshowninFigureNumber8.

Figure 6. Work done in overseas

Table 2. Division represents cluster, and selected city

S.N. Division Districts Selected City

1 Jaipur Jaipur,Alwar,Jhunjhunu,Sikar,Dausa Jaipur

2 Jodhpur Jodhpur,Barmer,Jaisalmer,Jalore,Pali,Sirohi Barmer

3 Ajmer Ajmer,Bhilwara,Nagaur,Tonk Ajmer

4 Udaipur Udaipur,Banswara,Chittorgarh,Pratapghar,Dungarpur,
Rajasmand

Udaipur

5 Bikaner Bikaner,Churu,SriGanganagar,Hanumangarh Churu

6 Bharatpur Bharatpur,Dholpur,Karauli,SawaiMadhopur. Bharatpur
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5.4.4. Consideration of Indictors for Irrigation
Inordertoirrigatethecrops,severalconsiderationssuchastextureofsoil,typeofcrop,colorofleaves,
stageofcrops,soilmoisture,environmentaltemperature,etc.aretobeconsidered.Surprisingly,most
ofthefarmersconsideronlythetypeofcropforirrigationandirrigatebasedonthepre-established
requirementsofcrop,ignoringotherfactorssuchasairhumidity,stageofcropandsoilmoistureetc.
IndicatorsforirrigationareshowninFigure9.

Figure 7. Education level of farmer

Figure 8. Methods of cultivation
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5.4.5. Irrigation as per Requirement
Everycrophasadifferentrequirementofwatertobesupplied.Overandunderirrigationareboth
harmfulforcrops,whichultimatelyattackonfinancialconditionoffarmers.Asperouranalysis,only
27.3%farmersplantheirirrigation,whiletheremainingfarmersi.e.72.7%donotplanforirrigation
andsupplyasperthelegacysystem.Asaresult,49%offarmersunderirrigatethecrop,39%of
farmersoverirrigatethecropsanddisappointingly,only12%irrigateasperactualrequirements.Most
ofthefarmersaround(66.7%)useFloodmethodtoirrigatethecrops.SomeofthemhaveSprinkle
andDripsystemtoirrigate.ItisimportanttohighlightthattheSprinkleandDripSystemarenot
smartsensor-basedirrigationsystems.IrrigationasperrequirementisshowninFigureNumber10.

5.4.6. Consideration of Indicators for Applying Fertilization
Afterirrigation,providingfertilizationtothecropisalsoveryimportant.Likeirrigation,underand
excessfertilizationbadlyaffectstheyieldofcrop,anditalsoaffectsthehealthofsoil.Thereare
mainlythreetypesoffertilizersusedinRajasthan:Compost,ChemicalandBio-Fertilizers.Farmers
inRajasthanapplydirectlyUrea,DAPandMuratPottashasfertilizer,withoutunderstandingabout
NPK.Therearemanyfactorsthatneedtobeconsideredforfertilizationsuchasbytestingofsoil,
noticingcolorofleaves,asperlegacysystemandasperstageofcrops.Around54%offarmersapply
fertilizerbasedonstageofcropandonly27%offarmersapplyfertilizerbytestingofsoil,whichis
themostaccuratemethodofapplyingthefertilizer.

5.4.7. Obtaining Technical Assistance
GovernmentofRajasthanisdeeplyconcernaboutagriculturedevelopment.DepartmentofAgriculture
andKrishi Vigyan Kendrasarealwayshelpthefarmertosolvetheproblemoffarmersandtogive
suggestionsforgoodfarming.Kisan Sahaytatollfreenumberandfreeliteratureinformofmagazines,
brochuresandhandbooksarealsoavailablefromthegovernment,butsurprisingly50%offarmers
donotavailanysuchassistance.Somefarmers,nearabout28%visitDepartmentofAgriculture
butonly13%ofthemvisitKrishi Vigyan Kendras.NoneofthefarmerssurveyedanyKisan Sahyta 
Numberandusedanyliterature.ObtainingTechnicalAssistancethroughvariousmeansisshownin
FigureNumber11.

Figure 9. Consideration of indicators for irrigation
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5.4.8. Information Technology Friendly
Asseeninabovesection,mostlyfarmersofRajasthanarewelleducatedandarecomfortablewith
usingmobilephones.Around73%offarmersuseandroidbasedmobilephones.Noneofthefamers
surveyeduseiPhones.Mostofthefarmersareabletodocalling,listingmusic,watchingvideosand
clickingthepicturesfrommobilephonecamera.Someofthefarmersalsouseagriculture-based
applicationslikeRML, Agribolo,etc.However,noneofthefarmershasanysensorintheirfields.

Figure 10. Irrigation as per requirement

Figure 11. Obtaining technical assistance
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6. CoNCLUSIoN ANd FUTURE woRK

Nowadays,precisionagricultureisnotaluxurybutthenecessityoffarmers.CountrieslikeIndiathat
heavilydependsonagriculturemustuseICTenabledservicestoenhancetheproductionofcropsso
thatmorefarmerscanbebenefit.Inthispaper,authorshavereviewedpaperstoseehowprecision
agricultureishelpingfarmersinmonitoringandtakingrightdecisionsusingrealtimedata.Mostof
theworkhasbeendoneatabroadandbestsuitswiththeirclimateconditions.Authorsfoundalarge
gapbetweentheliteratureandactualneedsoffarmers.Intheliterature,ithasbeenseenthatsomany
mobileapplications,buttheseapplicationsarenotavailableinIndia,andoncetheyareavailable,very
typicaltouseofIndianfarmers.WirelessSensorNetworkandGeographicalInformationSystemare
themajorcomponentsofPrecisionAgriculturebutnofarmershaveanysensorsinhisfields.Authors
alsonoticedthatunderandoverirrigationandfertilizationaretheprimaryissuesoffarmersinthe
Rajasthan.Asaresult,itisintendedtodevelopdecisionsupportsystemforirrigationandfertilization
forIndianScenario(suitableofIndianclimate,soilnutrientsandfarmeruserfriendly)sothatitcan
beusefulforfarmeratgroundlevel.
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