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ABSTRACT

Theprecisionsprayingofherbicidescansignificantlyreduceherbicideuse,andrecognizingdifferent
fieldweedsisanimportantpartofit.Inordertoenhancetheefficiencyandaccuracyoffieldweed
recognition,thisarticleproposedafieldweedrecognitionalgorithmbasedonVGGmodelcalled
VGGInception(VGGI).Inthisarticle,threeoptimizationsweremade.First,thereducednumberof
convolutionlayerstoreduceparametersofnetwork.Then,theInceptionstructurewasadded,which
canmaintainthemainfeatures,andhavebetterclassificationaccuracy.Finally,dataaugmentation
andtransferlearningmethodswereusedtopreventtheproblemofover-fitting,andfurtherenhance
thefieldweedrecognitioneffect.TheKaggleImagesdatasetwasusedintheexperiment.Thiswork
achievedgreaterthan98%precisioninthedetectionoffieldweeds.Inactualfield,theaccuracy
couldreach80%.ItindicatedthattheVGGImodelhasanoutstandingidentificationperformance
forseedling,andhassignificantpotentialforactualfieldweedrecognition.
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1. INTRodUCTIoN

Recognizingandremovingweedisanimportantpartoffieldmanagement.Weedssecretionshinderthe
growthofseedlingsandcausetheyieldreductioninthefield(Su,2017).Inaddition,weedsaremain
mediumtospreaddiseasesandinsectpests(Zhao&Liu,2019).Weedscompeteforenvironmental
resourcessuchasnutrients,sunlight,andwater(Hu,2007).Manualweeding(Xieetal.,2018)and
biologicalweedcontrol(Shabbiretal.,2018)areprimitiveandtraditionalmethodsforweedscontrolin
China(Lv,Dong,Sun,&Li,2018).Ontheonehand,thecostfortheresearchworkanddevelopment
ofbiologicalweedcontrolisveryhigh(Chen&Qiang,2015),ontheotherhand,chemicalweeding
(Wen,Ying,&Libai,2007)pollutestheenvironment(Liu,Wang,&Guan,2005).Thereisanurgent
needtoimprovetheefficiencyofweedsrecognitionandremoving.
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Theversatilityofcomputervisionhasmadeitafittoolusedinmanyfields,includingprecision
agriculture(Andrea,Daniel,&Misael,2017).Machinevisiontechnologywasfirstincorporatedinto
cropdetectionalgorithmstoidentifycroprowsandtosegmentplantsandweeds(Brivot&Marchant,
1996).Researchersdevelopedanautomatedcropsprayingsystem,andanalysisedthegreenhistogram
ofplantsimagesandperformedcropandweedsegmentationwithunspecifiedclassifiers(Aitkenhead
etal.,2003).Cao,Wang,Mao,andZhang(2007)developedamethodtoidentifyweedsinfieldby
usingpositionandtexturefeaturesofdrillcrops,themethodcouldachieve93%accuracy.Qiao,He,
Zhao,andTang(2013)developedandtestedamethodofweedrecognitionbasedonmulti-spectral
imagesandSVMclassifier,thismethodspentlesstimethantraditionalSVMclassifier.However,
thismethodhadalimitationthattheaccuracyneedstobeimproved.WangandLi(2016)proposed
analgorithmtoextracttheheightfeatureoftheimageandthenfuseitwiththetexturetoidentify
andobtainahigherrecognitionrate,thealgorithmhadaneffectivenessof98.33%.However,the
plantdetectionalgorithmpresenteda limitation that themethodpentextremely largecomputing
time.Yan(2018)proposedamethodtoidentifyweedsbyremovingshapeandcolorofimages,the
goalofwhichwastoprepareforintelligentinter-tillageinfields.Inordertoimproveaccuracyof
cropandweedidentification,afastfieldweedidentificationmethodwasproposedbasedonthedeep
convolutionnetworkandbinarycode,themethodcouldachieve92.7%accuracy(Jiangetal.,2018).
However,theeffectivenessoftheapproachwasnotguaranteedinsomeproductioncropscenarios.

In recent years, with the development of computer technology, the application of machine
visionrecognitionmethodintheidentificationofweedsandcropsisalsoveryextensive.Machine
visiontechnologycanprovideimportanttoolsforreal-timeimageprocessingandweeddetection.
Theconvolutionneuralnetwork(CNN)(LecunandBengio,1998)havebeenwidelyusedinvarious
fieldsandalsohaveachievedremarkableresultsinthefieldofimagerecognition.Oneofthemajor
advantagesisthattheoriginalimagecanbeusedasaninputandtheautomatictrainingfeature,and
furtherreducethemanualpre-processing.Especially,LeNet,VGG16(Keetal.,2018;Zhangetal.,
2018;Zhuoetal.,2018),GoogLeNet(Szegedyetal.,2014;Zhaietal.,2019;Xieetal.,2018),ResNet
(Guetal.,2019)andotherclassicalneuralnetwork,theyallhaveachievedexcellentresultsinimage
classificationandrecognition.Here,anVGGInception(VGGI)modelwasproposedtoidentifyand
detectfieldseedlingsandweeds.Inthispaper,threeoptimizationsweremade.First,thereduced
numberofconvolutionlayerstoreduceparametersofnetwork.Then,theInceptionmodulewasadded
anddropoutoperations,whichcanmaintainthemainfeatures,havebetterclassificationaccuracyand
aremorerobust.Finally,dataaugmentationandtransferlearningmethodswereusedtopreventthe
problemofover-fitting,andfurtherenhancethefieldweedrecognitioneffect.Moreover,theVGGI
modelappliedtotheactualimages,thealgorithmpreformedagoodeffectiveness.

2. MATERIALS ANd METHodS

Inthissection,wedescribethecharacteristicsofthedatasetindetail,introducethemodelinthis
paperandrelatedmodel.

2.1. dataset
Inthispaper,theweedsandcropsimagedatasetsofKagglecompetitionwereusedtotrainandtest
thenetworkmodel.AccordingtoXu(2011),thedatasetincludessixkindsofweeds,Black-grass,
Charlock,Cleavers,CommonChickweed,FatHen,LooseSilky-bentandsixkindsofcrops,Common
wheat,Maize,ScentlessMayweed,ShepherdsPurse,Small-floweredCranesbill,Sugarbeet.The
totalof4750fieldweedsamplesof12categoriesweredepictedinTable1.

Alltheimagesarepatchedof224×224pixelsbyMatlab.Thenumberofimageswererandomly
dividedintotwogroups:80%ofimagesasthetrainingdataand20%ofimagesastestingdata.As
showninFigure1,whichistheexampleoffieldplants.
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