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ABSTRACT

Mappinglandcoverchangeisusefulforvariousenvironmentalandurbanplanningapplications,
e.g. land management, forest conservation, ecological assessment, transportation planning, and
impervioussurfacecontrol.Astheoptimalchangedetectionapproaches,algorithms,andparameters
oftendependonthephenomenonofinterestandtheremotesensingimageryused,thegoalofthis
studyistofindtheoptimalprocedurefordetectingurbangrowthinrural,forestryareasusingone-
meter,four-bandNAIPimages.Focusingondifferenttypesofimperviouscovers,theauthorstestthe
optimalsegmentationparametersforobject-basedimageanalysis,andconcludethattherandomtree
classifier,amongthesixclassifierscompared,ismostoptimalforlanduse/coverchangedetection
analysiswithasatisfyingoverallaccuracyof87.7%.WithcontinuousfreecoverageofNAIPimages,
theoptimalchangedetectionprocedureconcludedinthisstudyisvaluableforfutureanalysesof
urbangrowthchangedetectioninrural,forestryenvironments.
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INTRODUCTION

Landuseandlandcover(LULC)changereflectscomplexrelationshipsandinteractionsbetween
humanactivitiesandnaturalenvironment.KnowingandmodelingLULCchangecanhelpdevelop
relatedpoliciesandsatisfyimportantsocialneeds,e.g.transportationplanning,landmanagement,
forest conservation, ecological assessment, andurbangrowthmanagement.Although landcover
changescanbemonitoredthroughfieldsurvey,remotesensingimageryandmethodshavebeenwidely
adoptedduetothecapabilityofacquiringup-to-dateinformationoverlargeareaspromptly.Inthepast,
remotelysensedimageryusedforLULCmappingincludedlandsatthematicmapper(TM),Satellite
Probatoired’ObsevationdelaTerre(SPOT),advancedveryhighresolutionradiometer(AVHRR),
andnewgenerationaerialphotography,suchasdigitalorthophotoquarterquads(DOQQs).Past
researchhasproposedandtestedavarietyofmethodsandtechniquesforLULCchangedetection
(Singh,1989;Luetal.,2004;Hussainetal.,2013).Duetothecomplexityofthephenomenaunder
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studyandvariationsoftheimageused,theconsensusisthatdifferentchangedetectionapproaches
havedifferentstrengthandweakness,andthattheoptimal,mostapplicablemethodoftendepends
onthephenomenonofinterest,remotesensingdataused,thenatureofstudysite,andusers’needs
(Ban&Yousif,2016;Deilamietal.,2015;Tewkesburyetal.,2015).

Thegoalofthisstudyistofindoptimalmethodologyfordetectingchangesinaforestry,lakeside
environment using 1-m, 4-band (RGB visible bands and a near infrared band) images from the
NationalAgricultureImageryProgram(NAIP).TheNAIPimageryisproducedbyU.S.Department
ofAgricultureinitiallyforthepurposeofmonitoringcropgrowth;theimageryhastheinfraredband
thatissuitablefordetectingvegetationgrowthandthereforeistakenduringthemonthsofJulyor
August.TheadvantageofusingNAIPforchangedetectionisthattheimagesarefreelyavailableto
thepublicandhavebeenconsistentlyproducedeverytwoyearsrecentlyfortheentireU.S.TheNAIP
imageryisortho-rectifiedwith1-mresolutionthatissuitablefordetectingchangesatthebuilding
scale.Thisstudyintendstoestablishanefficientandeffectiveprocedureforfuturechangedetection
usingNAIPimagery.

TherearetwotypesofapproachesfordeterminingLULCdistributionandchangeatlocallevel:
pre-classificationandpost-classification(Yuanetal.,1998).Twomajorgroupsofpre-classification
approach are algebra-based detection and transformation-based detection. Algebra-based change
detectionfocusesonspectralvalues,backscattervalues,indices,texturefeatures,andotherproperties,
andspecificmethodsincludeimagedifferencing,changingimageratio,andchangevectoranalysis
(Chenetal.,2003).Transformation-basedchangedetectionreducesdataredundancybetweenspectral
bandsandemphasizesinformationdifferenceinderivedcomponents,e.g.principalcomponentanalysis
(PCA)(Eklundh&Singh,1993),iteratively-reweightedmultivariatealterationdetection(IR-MAD)
(Griffithsetal.,2012),andminimumnoisefraction(MNF)(Luoetal.,2016).Thesemethodscan
detectthechangebutcannotprovidedetailedinformationregardinghoweachLULCtypechanges.

Incontrast,post-classificationcomparison(PCC)methodsfirstclassifymulti-temporalimages
individuallytogenerateLULCmaps,fromwhich“from-to”changeinformationisthenproduced(Chen
etal.,2003;Singh,1989;VanOort,2007).Itisgenerallyagreedthatpost-classificationcomparisonis
moresuitablewithsufficienttrainingsamplesavailable.PCCminimizestheimpactsofatmospheric,
sensorandenvironmentaldifferencesbetweenmulti-temporalimages,andprovidesacompletechange
confusionmatrix.However, theaccuracyofPCCishighlydependentontheresultof individual
classification.Classificationerrorsmayduetouncertaintiesinthemeasuredphenomenon/classes,
noiseanddistortionsinimages,sensorlimitationsinresolution(spatial,spectral,radiometric,and
temporal)indetectingobjectsordifferences(Powelletal.,2004;Ban&Yousif,2016).Edgeeffects
andregistrationerrorscanalsocausepossibleerrorsintheclassificationprocess.

Researchershaveutilizedandexperimentedavarietyoffeatureextractionandclassification
techniquesforthepastseveraldecades.Traditionalclassificationmethodsassignindividualpixels
toaspecificclassbasedonspectralandtextualsignaturetoproduceLULCmapsbyusingmedium-
resolutionimagery,e.g.LandsatandSPOTimagery.Thismedium-resolutionimageryoftenresults
inmixedpixelsproblems,inwhichimagepixelscontaintwoormorelandclassescausingconfusion
inclassification.Mixedpixelsoftenoccuratthebordersbetweentwoclassesoralonglinearfeatures
(Powelletal.,2004;Choodarathnakaraetal.,2012).

Withtheavailabilityofveryhighspatialresolution(VHSR)imagery,e.g.,IKONOS,QuickBird,
andGeoEyeimagery,mixedpixelsproblemsmaybereduced.Particularly,object-basedimageanalysis
(OBIA)hasbeenusedtoderivedetailedLULCinformationwithhigheraccuracythantraditional
pixel-basedmethods(Ardilaetal.,2012;Puetal.,2011;Puissantetal.,2012).OBIAworkswellon
VHSRimageryinthatitallowsforadditionalvariablessuchasshape,texture,size,andcontextual
informationintegratedforimagesegmentationandfeatureextraction(Jensen,2009).Randomtrees,
decisiontreesandnearest-neighborclassifieraretypicalmachinelearningmethodsforclassifying
objects.Theaccuracyandefficiencyoftheseclassificationmethodsoftendependontheimageryused.
OBIAhavebeenutilizedonNAIP(NationalAgricultureImageryProgram)digitalaerialphotographs
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