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#########SPATIALDATASTRUCTURE#####

INTRODUCTION:.Geospatialdataisarepresentativeofbothspatial
andattributedata.Forexample,.Thelocationinformationoftheriver
constitutesthespatialdatawhereasthecharacteristicsinformation
representsattributedata.GISisusedtorepresentspatialfeatureson
thesurfaceoftheEarthasmapfeaturesonaplanesurface.Data
modelsareusedtorepresentspatialfeaturesinaGIS
environment.Therearetwotypesofdatamodelsnamely,vectordata
modelandrasterdatamodelandvectordatamodel.

Geospatialdataisnumericalrepresentationwhichanalysesanddescribesreal
worldfeaturesinGIS.Thenatureofgeospatialdatabaseisadynamicratherthanstaticand
allowsarangeoffunctionssuchasorganising,storing,processing,analysingandvisualising
spatialdata.Geospatialdatadepictsthereallworldintwobasicmodelssuchastheobject-
basedmodelandtthefield-basedmodelasshownbelow:

1.Object-BasedModel:Theobjectisaspatialfeatureandhassomecharacteristicslikespatial
boundary,applicationrelevantandfeaturedescription(attributes).Spatialobjectsrepresent
discretefeatureswithwell-definedoridentifiableboundaries,forexample,buildings,parks,
forestlands,geomorphologicalboundaries,soiltypes,etc.Inthismodel,datacanbeobtainedby
fieldsurveyingmethods(chain-tape,theodoliteandtotalstationsurveying,GPS/DGPSsurvey)or
laboratorymethods(aerialphotointerpretation,remotesensingimageanalysisandonscreen
digitisation).
Dependingonthenatureofthespatialobjectswemayrepresentthem asgraphicalelementsof
points,linesandpolygons.

2.Field-BasedModel:Spatialphenomenaarerealworldfeaturesthatvarycontinuouslyover
spacewithnospecificboundary.Dataforspatialphenomenamaybeorganisedasfieldswhich
areobtainedbydirectorindirectsources.Sourceofdirectdataisfrom aerialphotos,remote
sensingimagery,scanningofhardcopymaps,andfieldinvestigationsmadeatselectedsample
locations.Wecanobtainorgeneratethedatabyusingmathematicalfunctionssuchas
interpolation,samplingorreclassificationfrom lselectedsamplelocations.Thisapproachcomes
underindirectdatasource.Forexample,DigitalElevationModel(DEM)canbegeneratedfrom
topographicdatasuchasspotheightsandcontoursthatareusuallyobtainedbyindirect
measurements.

(TheDigitalElevationModel(DEM)consistsofanarrayofuniformlyspacedelevationdata.ADEM ispointbased
butitcanbeeasilyconvertedtorasterdatabyplacingeachelevationpointatthecentreofexcellence).

.Geospatialdatabasepossesstwodistinctcomponentssuchaslocationsandattributes.
Geographicalfeaturesintherealworldareverydifficulttocaptureandmayrequireslargescale
database.Eachmodeltendstofitcertaintypesofdataandapplicationsbettertheanothers.All
spatialdatamodelsfallintotwobasiccategories:rasterandvectordatamodel.

Advantagesanddisadvantagesofvectorandraster
DataModels:--

Therepresentationofrasterandvectormodelsforgeospatialdatahas



twodivergentviewsoftherealworldaswellasdataprocessingand
analysis.Tosolvedifferentgeospatialproblemsoviouslytheseetwo
modelscanbeused.

AdvantagesofRasterData:--

1.datastructureissimple

2.goodforrepresentingcontinuoussurfaces.

3.locationspecificdatacollection.

4.spatialanalyticaloperationsarefaster

5.differentformsofdataareavailable(satelliteimages,fielddata,etc.),and

6.Mathematicalmodellingandquantitativeanalysiscanbemadeineasiestwayduetothe
inherentnatureofrasterimages.

DisadvantagesofRasterData

1.atavolumesarehuge

2.Poorrepresentationforpoints,linesandareas

3.cartographicoutputqualitymaybelow

4.difficulttoeffectivelyrepresentlinearfeatures(dependsonthecellresolution).Hence,
thenetworkanalysisisdifficulttoestablish

5.oordinatetransformationisdifficultwhichsometimescausedistortionofgridcellshape

6.Sufferfrom mixedpixelproblem andmissingorredundantdata,and

7.Rasterimagesgenerallyhaveonlyoneattributeorcharacteristicvalueforafeatureorobject,
therefore,limitedscopetohandletheattributedata.

AdvantagesofVectorData

 datastructureismorecompact

 datacanberepresentedwithgoodresolution

 itcanclearlydescribetopology.Hence,goodforpproximityandnetworkanalysis

 spatialaadjustmentofthedataiseasywiththeutilisationoftechniquessuchasrubber
sheeting,affine,etc.

 graphicoutputinsmallscaleaswellaslargescalegivesagoodaccuracy.

 geographiclocationofentitiesaccurate

 modernisingandgeneralisationoftheentitiesarepossible

 easyhandlingofattributedata,and

 coordinatetransformationtechniquessuchaslineartransformation,similaritytransformation
andaffinetransformationcouldbedoneeasily.

DisadvantagesofVectorData

 datastructuresarecomplex

 overlayanalysisisdifficultinprocessing.Often,thisinherentlylimitsthefunctionalityfor
largedatasets,e.g.,alargenumberoffeatures

 datacollectionmaybeexpensive

 highresolutiondrawing,colouring,shadingandalsodisplayingmaybetimeconsumingand
unbearable



 technologyofdatapreparationisexpensive

• representationofspatialvvariabilityisdifficult,and

• spatialnalysisandfilteringwithinpolygonsisimpossible.

5.1 SPATIALDATASTRUCTURE

Structuresthatprovideinformationrequiredforcomputertoreconstructspatialdatamodelin
digitalform aredefinedasspatialdatastructure.ManyGISsoftwarehavespecificcapabilities
forstoringandmanipulatingattributesdatainadditiontospatialinformation.However,basic
spatialdatastructuresinGISaremainlyvectorandraster.

5.1.1 RasterDataStructure

Rasterorgriddatastructurereferstothestorageoftherasterdatafordataprocessingand
analysisbythecomputer.Therearemainlythreecommonlyuseddatastructuressuchas--------

A)cell-by-cellencoding

B)Run-lengthencoding,and

C)quadtree

A)Cell-By-CellEncodingDataStructure

Thisisthesimplestrasterdatastructureandischaracterisedbysubdividingageographicspace
intoqridcells.Eachpixelorgridcellcontainsavalue.Agridmatrixanditscellvaluesforaraster
arearrangedintoafilebyrowandcolumn.InFigurevalue1brepresentsthegraycellsand0has
nodata.Thisiscalledcell-by-cellencodingmethod.Itcanalsobeusedforsttorageofdatain
satelliteimages.Mostofsatelliteimagesconsistofmultispectralbandsandeachpixelinasatellite
imagehasmorethanonevalue.MainlythreeformatssuchasBandSequential(BSQ),Band
InterleavedbyLines(BIL),andBandInterleavedbyPixels(BIP)areusedto
storedatainamultiband/multispectralimagery.

Fig.A)Cell-by-cellencodingdata

B)Run-LengthEncodingDataStructure:--

Run-LengthEncoding(RLE)algorithm wasdevelopedtohandletheproblem thatagridoften
containsareabundanttomissingdata.Whentherasterdatacontainsmoremissingdata,the
cell-by-cellencodingmethodcannotbesuggested.InRLEmethod,adjacentcellsalongarow
withthesamevaluearetreatedasagroup

calledarun.Ifawholerowhasonlyoneclass,itisstoredatasthebclassandthesameattributes
arekeptwithoutchange.Insteadofbrepeatedlystoringthesamevalueforeachcell,thevalueis
storeoncetogetherwiththenumberofthecellsthatmakestherun.IntheFigure,explainsthe
run-lengthencodingstructureofapolygon.Inthefigure,thestartingcellandtheendcellofthe
eachrowdenotethelengthofgroupandisgenerallycalledasrun.RLEdatacompression
methodisusedinmanyGISpackagesandinstandardimageformats



Fig.B)Run-lengthencodingdatastructure

C)QuadtreeDataStructure:--

Tocompressthedataaswellastosavethespaceinoriginalgrid,quadtreedatastructurecan
beused(Fig.C).Aquadtreeworksbydividingagridintofourquadrantsfortheavailabledata.
Theavailabledataquadrantisagainsplitintofourhalf-sizequadrantsandsoonuntilthe
individualpixelisreached.Theattributedataforallthepixelsofthequadrantremainsthesame
evenifitisdivided.

Fig.C:Quadtreedatastructure

2.VectorDataStructure

VectordatastructuresarenowwidelyusedinGISandcomputercartography.Thisdata
structurehasanadvantageinderivinginformationfrom digitisation,andismoreexactin
representationofcomplexfeaturessuchasadministrationboundaries,landparcels,etc.In
GIS,vectorfilesweresimplylinesandwerehavingonlystartingandendingpoints.

a)TopologicalDataStructure

Topologicdatastructureisoftenreferredtoasanintelligentdatastructurebecausespatial
relationshipsbetweengeographicfeaturesareeasilyderivedwhenusingthem.Becauseit's
mportantinundertakingcomplexdataanalysis.Inatopologicaldatastructure,linescannot
overlapwithoutanodewhereaslinescanoverlapwithoutnodesinanon-topologicaldata
structure.
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Fig:2.a)Topologicalstructureofthearc

i) TopologicallyIntegratedGeographicEncodingandReferencing:
(TIGER)

ItisgeospatialdatacreatedbybUSBureauofCensusasanimprovementtothe
GeographicBaseFile/DualIndependentMapEncoding(GBF/DIME)datastructure.Thisdata

structureorformatwasusedinthe2000censusbyUSBureauoftheCensus.IntheTIGER
database,pointsarecalled0-cells,linesare1-cells,andareasare2-cell.each1-cell
representsadirectlinewhichstartsfrom onepointandendingataanotherpoint.Theline
comprisesbothsidesofthedata.Each2and0-cellsshareoftheinformationofthe1-cells
associatedwithit.Themainadvantageseithertherightsideortheleftsideofastreetor
road.

Fig.2.1TopologyinTIGERdatabase



ii)CoverageDataStructure

CoveragedatastructurewaspractisedbymanyGIScompanieslikeESRI,intheirsoftware
packagesin1980stoseparateGISfrom CAD(ComputerAidedDesign).Acoveragedata
structureisatopologybasedvectordatastructurethatcanbeapoint,lineorpolygon
coverage.Apointisasimplespatialentitywhichcanberepresentedwithtopology.The
pointcoveragedatastructurecontainsfeatureidentificationnumbers(ID)andpairsofx,y
coordinates,asforexampleA(2,4)(.Figure2.1)Datastructureoflinecoverageis
representedinFigure.Thestartingpointofthearciscalledfrom node(F-Node)andwhere
itendstonode(T-Node).Thearc-nodelistrepresentsthex,ycoordinatesofthenodes
andtheotherpoints(vertices)thatgenerateeacharc.

b)Non-TopologicalDataStructure:-VectordatastructurethatiscommonamongGISsoftwareisthe
ComputerAidedDesign(CAD)datastructure.DrawingExchangeFormat(DXF)isusedintheCAD
package(e.g.,AutoCAD)fortransferringofthedatafiles.

CONCLUSION:---Datastructuresareamethodofstoringdatainasystematicway.Thereare
mainlytwodatastructuresusedinGIS,namely,rasterandvector.Inrasterstructuremainlythree
datastructures,i.e.cell-by-cellencoding,run-lengthencodingandquadtreewhileinvector,
topologicalandnon-topologicaldatastructuresareusedtostorethespatialdata.
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