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ABSTRACT

Computervisionandimageprocessingprocedurescouldobtaincropdatafrequentlyandprecisely,
suchasvegetationindexes,andcorrelatingthemwithothervariables,likebiomassandcropyield.
Thisworkpresentsthedevelopmentofacomputervisionsystemforhigh-throughputphenotyping,
consideringthreesolutions:animagecapturesoftwarelinkedtoalow-costappliance;animage-
processingprogramforfeatureextraction;andawebapplicationforresults’presentation.Asacase
study,weusednormalizeddifferencevegetationindex(NDVI)datafromawheatcropexperiment
oftheBrazilianAgriculturalResearchCorporation.RegressionanalysisshowedthatNDVIexplains
98.9,92.8,and88.2%ofthevariabilityfoundinthebiomassvaluesforcropplotswith82,150,and
200kgofNha1fertilizerapplications, respectively.Asaresult,NDVIgeneratedbyoursystem
presentedastrongcorrelationwiththebiomass,showingawaytospecifyanewyieldprediction
modelfromthebeginningofthecrop.
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1. INTRodUCTIoN

Thebasicrequirementofprecisionagricultureistorapidlyacquiretrustworthyandreliablecrop-
growthinformationconvenientlyatlowcost;thisisalsocrucialtorealizingaccuratecropcontroland
management(Nietal.,2018).InformationTechnologyisincreasinglymakingcontributionstargeted
toagriculturalsolutions.Theperiodicmonitoringofabovegroundbiomassisawidelyusedagronomic
parameterforcharacterizingcropgrowthstatusandpredictinggrainyield.Foralongtime,crop-
growthinformationwasacquiredthroughdestructivesamplinginthefieldandindoorbiochemical
andbiophysicalmeasurements(Gnypetal.,2014;Boschettietal.,2007).Remotesensingasanon-
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destructivetechniquehasbeenprovedtohavegreatpotentialinabovegroundbiomassestimationfor
crops,suchaswheat(Cabrera-Bosquetetal.,2011;Fernándezetal.,2019).

Up-to-date, non-destructive monitoring technologies based on characteristic description
throughreflectancespectrahaveshownvariousbenefits,includingnon-destructibility,readyaccess
to information, and excellent real-time performance. Hence, they have been widely used in the
investigation into the monitoring of crop-growth indices and evaluation of agricultural devices.
Althoughexistingground-basedobjectspectrometersconfervariousadvantagestheyalsoexhibit
afewdisadvantages,includinghighprice,complexstructure,tediousoperation,andinconvenient
fieldapplication(Nietal.,2018)Developmentofimagerymonitoringforcropgrowthpromotes
thedevelopmentandimplementationofsomeapparatusforcrop-growthmonitoring.Therapidand
accurateestimationofabovegroundbiomassinanon-destructivewayisusefulforcreatinginformed
decisionsonprecisioncropmanagement.Thecurrentestimateofabovegroundbiomassisbasedon
destructivemeasurements.

Themonitoringofnitrogenisanessentialtoolforinvestigatingmanymetabolicandstructural
processes inmaturingwheatplants, suchasyield formationandhealth status.Becausenitrogen
isnot immobilizedinsoilsandaplentifulreserveofplant-availablenitrogenisnotpresent, it is
essentialforoptimalcropproductiontosupplynitrogenbyapplyingfertilizerduringplantgrowth
(Schirrmannetal.,2016).

Tobecomemoreefficient,indirectmethodsusingsensorsforestimatingthoseparametershave
beenproposedandimplemented.Attheplotscale,sensorprinciplesareavailablethatenableon-spot
measurementswithoutdestructingthecanopy,mostlywithdirectcontacttowheatplants(Zhaoetal.,
2013).Devicesmeasuringsunlightinterceptioninthewheatcanopyusingradiativetransfermodelscan
modeltheleafareaindex(Breda,2003).Mostoftheseprinciplesinvolvetime-demandingjudgments
orsophisticateddeterminationprotocolsthatcanonlybeachievedmanuallyinastop-and-gostyle.
Theiruseofhigh-throughputmeasurementswasreviewed(Schirrmannetal.,2015).

Kippetal.(2014)highlightedthat theNormalizedDifferenceVegetationIndex(NDVI)isa
potentialmeasurefordetectingphenotypicdifferencesinearlyplantvigor.Cabrera-Bosquetetal.
(2011)reportedthatNDVIwasusefultoassessgreenbiomassinadditiontonutrient,pest,andwater
stress.NDVIwasalsousedtocalculatevegetationcoveragefromsegmentedtransformedimagesto
studycanopiesinfieldexperimentsusingamobilesystem(Svensgaardetal.,2014).

Theobjectiveofourworkwastostudythelikelihoodsofalow-costimageryacquisitionsystem
formonitoringabovegroundbiomassofwheatundervaryingnitrogenfertilization.Therefore,this
work presents the development of a computer vision system for high-throughput phenotyping,
conveningthreemodules.Firstly,animagecapturesoftwareusingRGBandIRcameras,linkedtoa
low-costandmobileappliancethatprovidesacontrolledenvironmentatthefield.Secondly,image-
processingsoftwareforplantdistinguishingmeasurement(morphometricandNDVIdata).Lastly,a
webapplicationforthevisualizationoftherelationshipbetweenNDVIandabovegroundbiomass.

Thisdocumentisorganizedasfollows.Section2presentsthewholecomputervisionsystem
developedandsection3showstheresultsanddiscussionofapreliminarystudyconsideringtheuse
ofoursystemtocompareNDVIandwheatbiomass.Section4highlightsourconclusionsandfuture
workaboutthisstudy.

2. MATERIALS ANd METHodS

Thisprojectbasedonthedevelopmentofacomputervisionsystemforhigh-throughputphenotyping,
conveningthreemodules,named“Fenômica”.Thissystemcapturesandregistersimagesfroman
appliance,processestheminordertogetNDVIinformation,andpresentsresultsforcomparisonwith
cropbiomassdata.Nextsectionsexposematerialsandmethodsusedineachofthesesystemmodules.
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