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What is a Geographic Information System?What is a Geographic Information System?
An understanding of what Geographic An understanding of what Geographic 
Information Systems may be helped by Information Systems may be helped by 
considering the component parts of the termconsidering the component parts of the termconsidering the component parts of the term considering the component parts of the term 
separately. separately. 

Geographic
This term is used because GIS tend to deal 

primarily with 'geographic' or 'spatial' features. p y g g p p
These are objects which can be referenced or 

related to a specific location in space 
(may be physical, or economic in nature). 



InformationInformation
ThisThis representsrepresents thethe largelarge volumesvolumes ofof datadata..

SystemsSystemsSystemsSystems

ThisThis termterm isis usedused toto representrepresent thethe systemssystems approachapproach
takentaken byby GISGIS..

ComputerComputer systemssystems areare becomingbecoming vitalvital forfor thethe storagestorage
andand manipulationmanipulation ofof thethe increasingincreasing volumesvolumes ofof data,data, thethe
h dlih dli ff ll ti lti l l ithl ith ddhandlinghandling ofof complexcomplex spatialspatial algorithmsalgorithms andand meme
integrationintegration ofof datadata ofof differentdifferent scales,scales, projectionsprojections andand
formatsformats..

CaptureCapture

A geographic information system (GIS)
is a computer system for

QueryQuery
AnalyzeAnalyze

StoreStore

DisplayDisplayDisplayDisplay

OutputOutput

geographically referenced data 
also called geospatial data.
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QueryQuery

Identifying specific featuresIdentifying specific features

Identifying features based Identifying features based 
on conditionson conditions

Florida counties with a 
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Florida counties with a 
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AnalysisAnalysis
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Geographically referenced data are dataGeographically referenced data are dataGeographically referenced data are data Geographically referenced data are data 
that describe both the that describe both the locationlocation and and 
characteristicscharacteristics of spatial features such as of spatial features such as 
roadsroads, , land parcelsland parcels, and , and vegetation standsvegetation stands
on the Earth's surface. on the Earth's surface. 

GIS Applications.GIS Applications.
Since the beginning, GIS has been important in Since the beginning, GIS has been important in 
natural resource management natural resource management 
including landincluding land--use planning, natural hazard use planning, natural hazard 

t ildlif h bit t l i d i it ildlif h bit t l i d i iassessment, wildlife habitat analysis, and riparian assessment, wildlife habitat analysis, and riparian 
zone monitoring.zone monitoring.
In more recent years GIS has been used for crime In more recent years GIS has been used for crime 
analysis, emergency planning, land records analysis, emergency planning, land records 
management, market analysis, and transportation management, market analysis, and transportation 
applications.applications.

Integration of GIS with global positioning system Integration of GIS with global positioning system 
(GPS) and the Internet has also introduced new and (GPS) and the Internet has also introduced new and 
exciting applications such as precision farming, exciting applications such as precision farming, 
interactive mapping, and locationinteractive mapping, and location--based services.based services.



Components of a GIS.Components of a GIS.
LikeLike anyany otherother informationinformation technology,technology, GISGIS
requiresrequires thethe followingfollowing fourfour componentscomponents::

ComputerComputer SystemSystem..
TheThe computercomputer systemsystem includesincludes thethe computercomputer andand
thethe operatingoperating systemsystem toto runrun GISGIS..

AdditionalAdditional equipmentequipment maymay includeincludeAdditionalAdditional equipmentequipment maymay includeinclude
monitorsmonitors forfor display,display, digitizersdigitizers andand scannersscanners forfor
spatialspatial datadata input,input, andand printersprinters andand plottersplotters forfor
hardcopyhardcopy datadata displaydisplay..

GISGIS SoftwareSoftware..
GISGIS softwaresoftware includesincludes thethe programprogram andand thethe useruser
interfaceinterface forfor drivingdriving thethe hardwarehardware..
BrainwareBrainware..
BrainwareBrainware refersrefers toto thethe purposepurpose andand objectivesobjectives andandBrainwareBrainware refersrefers toto thethe purposepurpose andand objectives,objectives, andand
providesprovides thethe reasonreason andand justificationjustification forfor usingusing GISGIS..
InfrastructureInfrastructure..
InfrastructureInfrastructure refersrefers toto thethe necessarynecessary physical,physical,
organizational,organizational, administrative,administrative, andand culturalcultural
environmentsenvironments thatthat supportsupport GISGIS operationsoperations..pppp pp
TheThe infra-structureinfra-structure includesincludes requisiterequisite skills,skills, datadata
standards,standards, datadata clearinghouses,clearinghouses, andand generalgeneral
organizationalorganizational patternspatterns..



A Brief history of GIS.A Brief history of GIS.
GISGIS isis notnot newnew..
SinceSince thethe latelate 19601960ss computerscomputers havehave beenbeen usedused toto storestore
andand processprocess geographicallygeographically referencedreferenced datadata..
EarlyEarly examplesexamples ofof GISGIS workwork fromfrom thethe latelate 19601960ss andand
19701970ss19701970ss
ForFor manymany years,years, GISGIS hashas beenbeen consideredconsidered toto bebe tootoo
difficult,difficult, expensive,expensive, andand proprietaryproprietary.. thethe graphicalgraphical useruser
interfaceinterface (GUI),(GUI), powerfulpowerful andand affordableaffordable hardwarehardware andand
software,software, andand publicpublic digitaldigital datadata hashas broadenedbroadened thethe rangerange
ofof GISGIS applicationsapplications andand broughtbrought GISGIS toto mainstreammainstream useuse inin
thethe 19901990ss..
AccordingAccording toto aa publishedpublished surveysurvey ESRIESRI IncInc andand IntergraphIntergraphAccordingAccording toto aa publishedpublished survey,survey, ESRIESRI IncInc.. andand IntergraphIntergraph
CorpCorp.. TheseThese twotwo companiescompanies alsoalso ledled thethe GISGIS industryindustry inin
softwaresoftware revenuesrevenues inin 20002000..
TheThe mainmain softwaresoftware productproduct fromfrom ESRIESRI IncInc.. isis ArcGISArcGIS,, aa
scalablescalable systemsystem withwith ArcArc View,View, ArcEditorArcEditor,, andand ArcInfoArcInfo..
IntergraphIntergraph CorpCorp.. hashas twotwo mainmain productsproducts:: GeoMediaGeoMedia andand
MGEMGE..

Geographically Referenced Data.Geographically Referenced Data.
GeographicallyGeographically referencedreferenced datadata separateseparate GISGIS fromfrom
otherother informationinformation systemssystems..
WeWe mustmust understandunderstand thethe naturenature ofof geographicallygeographically
referencedreferenced datadata..
TakeTake thethe exampleexample ofof roadsroads..

locationlocation
wherewhere itit isis

characteristicscharacteristics
lengthlength

namename
speedspeed limitlimit

directiondirection



TheThe location,location, alsoalso calledcalled geometrygeometry oror shape,shape,
representsrepresents spatialspatial datadata..

TheThe characteristicscharacteristics areare attributeattribute datadata..

ThusThus aa road,road, likelike anyany geographicallygeographically
referencedreferenced datadata..

TwoTwo componentscomponents ofof spatialspatial datadata andand
attributesattributes datadata..

Spatial Data.Spatial Data.
SpatialSpatial datadata describedescribe thethe locationslocations ofof spatialspatial features,features,
whichwhich maymay bebe discretediscrete oror continuouscontinuous..
(Discrete(Discrete oror Continuous)Continuous) featuresfeatures includeinclude pointspoints (wells),(wells),
lili ( d )( d ) dd (l d(l d t )t )lineslines (roads),(roads), andand areasareas (land(land--useuse types)types)..
TheThe vectorvector datadata modelmodel usesuses pointspoints andand theirtheir xx--,, yy--
coordinatescoordinates toto constructconstruct spatialspatial featuresfeatures ofof points,points, lines,lines,
andand ar-easar-eas..

TheThe rasterraster datadata modelmodel usesuses aa gridgrid andand gridgrid cellscells toto
representrepresent thethe spatialspatial variationvariation ofof aa featurefeature..



TheThe twotwo datadata modelsmodels differdiffer inin conceptconcept andand datadata
structurestructure ::
VectorVector datadata areare idealideal forfor representingrepresenting discretediscrete featuresfeatures
andand maymay bebe topologicaltopological oror nontopologicalnontopological,, andand simplesimple oror
higherhigher--levellevel ;;
RasterRaster datadata areare betterbetter suitedsuited forfor representingrepresenting
continuouscontinuous featuresfeatures andand havehave aa simplesimple datadata structurestructure
withwith rowsrows andand columnscolumns andand fixedfixed cellcell locationslocations..

Attribute Data.Attribute Data.

AttributeAttribute datadata describedescribe thethe characteristicscharacteristics ofof
spatialspatial featuresfeatures..pp

ForFor rasterraster datadata,, eacheach cellcell hashas aa valuevalue thatthat
correspondscorresponds toto thethe attributeattribute ofof thethe spatialspatial
featurefeature atat thatthat locationlocation..

ForFor vectorvector datadata,, thethe amountamount ofof attributeattribute datadata
toto bebe associatedassociated withwith aa spatialspatial featurefeature cancan
varyvary significantlysignificantly..



GIS Operations.GIS Operations.

AlthoughAlthough GISGIS activitiesactivities nono longerlonger followfollow aa setset
sequence,sequence, toto explainexplain whatwhat GISGIS usersusers do,do, wewe
cancan groupgroup GISGIS activitiesactivities (Operation)(Operation) intointocancan groupgroup GISGIS activitiesactivities (Operation)(Operation) intointo

SpatialSpatial datadata inputinput..
AttributeAttribute datadata managementmanagement..

DataData displaydisplay..
DataData explorationexploration..

DataData analysisanalysis..
GISGIS modelingmodeling..

GIS Operations.GIS Operations.

11.. SpatialSpatial datadata inputinput..

11..11.. DataData entryentry::
(use(use existingexisting data,data, createcreate newnew data)data)

11..22.. DataData editingediting
11..33.. GeometricGeometric transformationtransformation
11..44.. ProjectionProjection andand reprojectionreprojection



GIS Operations.GIS Operations.

22.. AttributeAttribute datadata managementmanagement

22..11.. DataData entryentry andand verificationverification
22..22.. DatabaseDatabase managementmanagement

GIS Operations.GIS Operations.

33.. DataData displaydisplay..

33..11.. UseUse ofof
mapsmaps

chartscharts
tablestables



GIS Operations.GIS Operations.

44.. DataData explorationexploration
44..11.. AttributeAttribute datadata queryquery
44..22.. SpatialSpatial datadata queryquery
44..33.. GeographicGeographic visualizationvisualization

GIS Operations.GIS Operations.
55.. DataData analysisanalysis
55..11.. VectorVector datadata analysisanalysis::
(buffering(buffering overlayoverlay distancedistance measurementmeasurement(buffering,(buffering, overlay,overlay, distancedistance measurement,measurement,
andand mapmap manipulation)manipulation)
55..22.. RasterRaster datadata analysisanalysis::

(local,(local, neighborhood,neighborhood, zonal,zonal, andand global)global)
55..33.. TerrainTerrain mappingmapping andand analysisanalysispp gpp g yy



GIS Operations.GIS Operations.

66.. GISGIS modelingmodeling

66..11.. BinaryBinary modelsmodels
66..22.. IndexIndex modelsmodels

66..33.. RegressionRegression modelsmodels
66..44.. ProcessProcess modelsmodels

Geographic Coordinate System.Geographic Coordinate System.

TheThe geographicgeographic coordinatecoordinate systemsystem isis thethe locationlocation
referencereference systemsystem forfor spatialspatial featuresfeatures onon thethe Earth'sEarth's
surfacesurface..

TheThe geographicgeographic coordinatecoordinate systemsystem consistsconsists ofof
meridiansmeridians andand parallelsparallels..



TheThe geographicgeographic coordinatecoordinate systemsystem isis thethe locationlocation
referencereference systemsystem forfor spatialspatial featuresfeatures onon thethe Earth'sEarth's
surfacesurface..
TheThe geographicgeographic coordinatecoordinate systemsystemg g pg g p yy
consistsconsists ofof meridiansmeridians andand parallelsparallels..
MeridiansMeridians areare lineslines ofof longitudelongitude..
RunningRunning northnorth andand south,south,
meridiansmeridians areare usedused forfor
measuringmeasuring locationlocationmeasuringmeasuring locationlocation
inin thethe EE--WW directiondirection..

UsingUsing thethe meridianmeridian passingpassing throughthrough Greenwich,Greenwich,
England,England, asas thethe primeprime meridianmeridian oror 00°°,,England,England, asas thethe primeprime meridianmeridian oror 00 ,,

oneone cancan measuremeasure thethe longitudelongitude valuevalue ofof aa pointpoint onon
thethe Earth'sEarth's surfacesurface asas 00°° toto 180180"" easteast oror westwest ofof thethe
primeprime meridianmeridian..

oneone cancan measuremeasure thethe latitudelatitude valuevalue ofof aa pointpoint asas 00°°
toto 9090°° northnorth oror southsouth ofof thethe equatorequator..



TheThe originorigin ofof thethe geographicgeographic coordinatecoordinate systemsystem isis wherewhere
thethe primeprime meridianmeridian meetsmeets thethe equatorequator..

Thus,Thus, longitudelongitude valuesvalues areare similarsimilar toto xx valuesvalues inin aa
coordinatecoordinate systemsystem andand latitudelatitude valuesvalues areare similarsimilar toto yycoordinatecoordinate systemsystem andand latitudelatitude valuesvalues areare similarsimilar toto yy
valuesvalues..

InIn GIS,GIS, toto enterenter longitudelongitude andand latitudelatitude valuesvalues withwith positivepositive
oror negativenegative signssigns..

LatitudeLatitude valuesvalues areare positivepositive ifif northnorth ofof thethe equatorequator andandLatitudeLatitude valuesvalues areare positivepositive ifif northnorth ofof thethe equator,equator, andand
negativenegative ifif southsouth ofof thethe equatorequator..

LongitudeLongitude valuesvalues areare positivepositive inin thethe easterneastern hemispherehemisphere
andand negativenegative inin thethe westernwestern hemispherehemisphere..

LongitudeLongitude andand latitudelatitude valuesvalues maymay bebe measuredmeasured inin thethe
DegreesDegrees--MinutesMinutes--SecondsSeconds (DMS)(DMS) systemsystem oror
DecimalDecimal DegreeDegree (DD)(DD) systemsystem..gg ( )( ) yy

InIn whichwhich 11 degreedegree equalsequals 6060 minutesminutes andand 11 minuteminute,,
equalsequals 6060 secondsseconds..

ThisThis allowsallows conversionconversion betweenbetween thethe twotwo systemssystems..yy

ForFor example,example, aa latitudelatitude valuevalue ofof 4545°°5252''3030"" wouldwould bebe
equalequal toto 4545..875875°° ((4545 ++ 5252//6060 ++ 3030//36003600))..



TheThe centralcentral parallelparallel andand thethe
centralcentral meridianmeridian dividedivide aa mapmap
projectionprojection intointo fourfour quadrantsquadrants..
PointsPoints withinwithin
thethe NENE quadrantquadrant havehaveqq
positivepositive xx-- andand yy--coordinates,coordinates,
thethe NWNW quadrantquadrant havehave
negativenegative xx--coordinatescoordinates andand
positivepositive yy--coordinates,coordinates,
thethe SESE quadrantquadrant havehave positivepositive

di tdi t dd titixx--coordinatescoordinates andand negativenegative yy--
coordinates,coordinates,
thethe SWSW quadrantquadrant havehave
negativenegative xx-- andand yy--
coordinatescoordinates..

Commonly Used Map Projections.Commonly Used Map Projections.

11.. TransverseTransverse MercatorMercator..
22.. LambertLambert ConformedConformed ConicConic..

33 AlbersAlbers EqualEqual AreaArea ConicConic33.. AlbersAlbers EqualEqual--AreaArea ConicConic..
44.. EquidistantEquidistant ConicConic..



Working with Coordinate Systems in GIS.Working with Coordinate Systems in GIS.

MostMost GISGIS packagespackages provideprovide aa widewide varietyvariety ofofp gp g pp yy
coordinatecoordinate systems,systems, datumsdatums,, andand spheroidsspheroids..

CustomCustomPredefinedPredefined
Datum Datum 

transformationtransformation
WGSWGS8484GeographicGeographic

transformationtransformation
IDTMIDTMUTMUTMPlanePlane
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Vector DataVector Data

Introduction.Introduction.

LookingLooking atat aa paperpaper map,map,
wewe cancan seesee

whatwhat mapmap featuresfeatures areare
likelike andand

WeWe cancan easilyeasily seesee thethe
mapmap featuresfeatures andand theirtheir
spatialspatial relationshipsrelationships oneone
anotheranother..

butbut howhow cancan thethe computercomputer
seesee thesethese featuresfeatures andand
relationships?relationships?



Geometric Objects.Geometric Objects.
TheThe vectorvector datadata usesuses xx--,, yy--coordinatescoordinates andand thethe
simplesimple geometricgeometric objectsobjects..

ThreeThree typestypes ofof geometricgeometric objectsobjects..

AA pointpoint

AA lineline

AnAn areaarea

AA pointpoint hashas 00 dimensiondimension andand hashas onlyonly thethe propertyproperty
ofof locationlocation..

AA pointpoint maymay representrepresent aa well,well, aa benchmark,benchmark, oror aa pitpit..

InIn thethe GISGIS literature,literature, aa pointpoint maymay alsoalso bebe calledcalled aa
node,node,

vertex,vertex,vertex,vertex,
oror 00--cellcell..



AA lineline isis oneone--dimensionaldimensional andand hashas thethe propertyproperty ofof
lengthlength..

AA lineline maymay representrepresent aa road,road, aa stream,stream, oror anan
administrativeadministrative boundaryboundary..

InIn thethe GISGIS literature,literature, aa lineline maymay alsoalso bebe calledcalled anan

edgeedgeedge,edge,
link,link,

chain,chain,
oror 11--cellcell..

AnAn areaarea isis twotwo--dimensionaldimensional andand hashas thethe
propertiesproperties ofof areaarea andand perimeterperimeter oror boundaryboundary..

AnAn areaarea maymay represent,represent, aa waterwater body,body, oror aa
sinkholesinkhole..

InIn thethe GISGIS literature,literature, anan areaarea maymay alsoalso bebe calledcalled aa

polygon,polygon,
face,face,

zone,zone,
oror 22--cellcell..



AA lineline featurefeature isis mademade ofof
pointspoints..

The basic units of the vector data are points and 
their coordinates.

BetweenBetween twotwo endend pointspoints aa
lineline consistsconsists ofof aa seriesseries ofof
pointspoints markingmarking thethe shapeshape
ofof thethe line,line, whichwhich maymay bebe
aa smoothsmooth curvecurve oror aa
connectionconnection ofof straightstraight--lineline
segmentssegmentssegmentssegments..

SmoothSmooth curvescurves areare
typicallytypically fittedfitted byby
mathematicalmathematical equationsequations..

AnAn areaarea oror polygonpolygon featurefeature isis
defineddefined byby lines,lines, whichwhich areare inin turnturn
defineddefined byby pointspoints..

aa contiguouscontiguous areasareas;;aa--contiguouscontiguous areasareas;;
bb--isolatedisolated areaarea;;
cc--threethree areasareas formedformed byby twotwo
overlappedoverlapped objectsobjects
dd--aa holehole withinwithin anan areaarea..

TheThe boundaryboundary ofof anan areaarea featurefeature
separatesseparates thethe interiorinterior areaarea fromfrom
thethe exteriorexterior areaarea..

AreaArea featuresfeatures maymay bebe isolatedisolated oror
connectedconnected..

AreaArea featuresfeatures maymay overlapoverlap oneone
anotheranother andand createcreate overlappedoverlapped
areasareas..



Vector Data Structure.Vector Data Structure.

DataData structurestructure ofof aa pointpoint
featuresfeatures::

theythey cancan bebe codedcoded withwith theirtheir
identificationidentification numbersnumbers (IDs)(IDs) andand
pairspairs ofof xx-- andand yy--coordinatescoordinates..

TopologyTopology doesdoes notnot applyapply toto
pointspoints becausebecause pointspoints areare
separateseparate fromfrom oneone anotheranother..

DataData structurestructure ofof aa lineline featurefeature..
AnAn arcarc isis aa lineline segment,segment, whichwhich isis connectedconnected toto twotwo endend
pointspoints calledcalled nodesnodes..
TheThe startingstarting pointpoint isis thethe fromfrom--nodenode andand thethe endingending pointpoint thethegg pp gg pp
toto--nodenode..



DataData structurestructure ofof anan areaarea oror
polygonpolygon featurefeature..

TheThe polygon/arcpolygon/arc listlist showsshows thetheTheThe polygon/arcpolygon/arc listlist showsshows thethe
relationshiprelationship betweenbetween polygonspolygons
andand arcsarcs..

arcsarcs 11,, 44 andand 66 connectconnect toto
definedefine polygonpolygon 101101..

PolygonPolygon 104104 differsdiffers fromfrom thethe
otherother polygonspolygons inin beingbeing
surroundedsurrounded byby polygonpolygon 102102surroundedsurrounded byby polygonpolygon 102102..

ToTo showshow thatthat polygonpolygon 104104 isis aa
holehole withinwithin polygonpolygon 102102,, thethe arcarc
listlist forfor polygonpolygon 102102 containscontains aa
zerozero toto separateseparate thethe externalexternal
andand internalinternal boundariesboundaries..

RasterRaster DataData



TheThe vectorvector datadata usesuses thethe geometricgeometric objectsobjects ofof
point,point, line,line, andand areaarea toto representrepresent spatialspatial featuresfeatures..

AlthoughAlthough idealideal forfor discretediscrete featuresfeatures withwith wellwell--gg
defineddefined locationslocations andand shapesshapes..

thethe vectorvector datadata doesdoes notnot workwork wellwell withwith spatialspatial
phenomenaphenomena thatthat varyvary continuouslycontinuously overover thethe
spacespace suchsuch asas precipitation,precipitation, elevation,elevation, andand soilsoil
erosionerosionerosionerosion..

AA betterbetter optionoption forfor representingrepresenting continuouscontinuous
phenomenaphenomena isis thethe rasterraster datadata modelmodel..

TheThe rasterraster datadata usesuses aa regularregular gridgrid toto covercover thethe
spacespace andand thethe valuevalue inin eacheach gridgrid cellcell toto
correspondcorrespond toto thethe characteristiccharacteristic ofof aa spatialspatial

hh tt thth llll l til tiphenomenonphenomenon atat thethe cellcell locationlocation..

Conceptually,Conceptually, thethe variationvariation ofof thethe spatialspatial
phenomenonphenomenon isis reflectedreflected byby thethe changeschanges inin thethe
cellcell valuevalue..

RasterRaster datadata havehave beenbeen describeddescribed asas fieldfield--based,based,
asas opposedopposed toto objectobject--basedbased vectorvector datadata..



AA widewide varietyvariety ofof datadata usedused inin GISGIS areare encodedencoded inin
rasterraster formatformat..

TheyThey includeinclude digitaldigital elevationelevation data,data, satellitesatellite images,images,
digitaldigital orthophotosorthophotos,, scannedscanned maps,maps, andand graphicgraphic filesfiles..digitaldigital orthophotosorthophotos,, scannedscanned maps,maps, andand graphicgraphic filesfiles..

CommercialCommercial GISGIS packagespackages cancan displaydisplay rasterraster andand
vectorvector datadata simultaneously,simultaneously, andand cancan convertconvert fromfrom
rasterraster toto vectorvector datadata oror fromfrom vectorvector toto rasterraster datadata..

RasterRaster datadata alsoalso introduceintroduce aa largelarge setset ofof datadataRasterRaster datadata alsoalso introduceintroduce aa largelarge setset ofof datadata
analysisanalysis functionsfunctions andand applicationsapplications toto GISGIS..

IntegrationIntegration ofof bothboth typestypes ofof datadata hashas thereforetherefore
becomebecome aa commoncommon andand desirabledesirable featurefeature inin aa GISGIS
projectproject..

RasterRaster datadata representrepresent

pointspoints byby singlesingle cells,cells,

lineslines byby sequencessequences ofof
neighboringneighboring cells,cells,

bb ll till ti ffareasareas byby collectionscollections ofof
contiguouscontiguous cellscells..



The cell size determines the The cell size determines the resolutionresolution of the raster of the raster 
data model.data model.

A cell size of A cell size of 30 30 meters meters means that each cell means that each cell 
measures measures 900 900 square meters (square meters (30 30 X X 30 30 meters).meters).

AA gridgrid isis normallynormally projectedprojected ontoonto aa planeplane
coordinatecoordinate systemsystem suchsuch asas thethe UTMUTM (Universal(Universal
TransverseTransverse Mercator)Mercator) coordinatecoordinate systemsystem..

There-fore,There-fore, rasterraster datadata cancan bebe displayeddisplayed withwith
vectorvector datadata ifif theythey areare basedbased onon thethe samesame
coordinatecoordinate systemsystem..



TypeType ofof RasterRaster DataData..

11.. SatelliteSatellite ImageryImagery..

22.. DigitalDigital ElevationElevation ModelsModels (DEM)(DEM)..

33 DigitalDigital OrthophotosOrthophotos..

44.. ScannedScanned FilesFiles..

55.. DigitalDigital RasterRaster GraphicsGraphics..

66.. GraphicGraphic FilesFiles..

77.. GISGIS SoftwareSoftware--SpecificSpecific RasterRaster DataData..

DataData StructureStructure..

DataData structurestructure refersrefers toto thethe storagestorageDataData structurestructure refersrefers toto thethe storagestorage
ofof rasterraster datadata soso thatthat theythey cancan bebe
usedused andand processedprocessed byby thethe
computercomputer..

TheThe simplestsimplest datadata structurestructure isis
calledcalled thethe cellcell--byby--cellcell encodingencoding
methodmethod

aa rasterraster modelmodel isis storedstored asas aa
matrix,matrix, andand itsits cellcell valuesvalues areare
writtenwritten intointo aa filefile byby rowrow andand
columncolumn..



TheThe cellcell--byby--cellcell encodingencoding methodmethod
becomesbecomes inefficientinefficient ifif aa rasterraster modelmodel
containscontains manymany redundantredundant cellcell valuesvalues..

RasterRaster modelsmodels suchsuch asas binarybinary scannedscanned
filesfiles cancan bebe moremore efficientlyefficiently storedstored
usingusing thethe runrun lengthlength encodingencoding (RLE)(RLE)
method,method, whichwhich recordsrecords thethe cellcell valuesvalues
byby rowrow andand byby groupgroup..

EachEach groupgroup includesincludes aa cellcell valuevalue andand
thethe numbernumber ofof cellscells withwith thatthat valuevalue..

IfIf allall cellscells inin aa rowrow containcontain thethe samesame
value,value, onlyonly oneone groupgroup isis recorded,recorded, thusthus
savingsaving thethe computercomputer memorymemory..

HeaderHeader FileFile..

ToTo importimport rasterraster datadata forfor use,use, aa GISGIS packagepackage mustmust havehave
informationinformation aboutabout thethe datadata structurestructure and,and, ifif applicable,applicable, thethe,, pp ,pp ,
compressioncompression methodmethod..
ThisThis informationinformation isis containedcontained inin thethe headerheader filefile,, oftenoften denoteddenoted
byby thethe extensionextension ..hdrhdr,, whichwhich isis likelike metadatametadata inin functionfunction..

AA headerheader filefile alsoalso containscontains informationinformation onon
numbersnumbers ofof rowsrows andand columns,columns,
numbernumber ofof spectralspectral bands,bands,pp
numbernumber ofof bitsbits perper pixel,pixel,
valuevalue forfor nono data,data,
xx-- andand yy--coordinatescoordinates ofof thethe origin,origin,
pixelpixel sizesize..



SomeSome rasterraster datadata useuse otherother filesfiles besidesbesides thethe headerheader filefile oror
organizeorganize thethe datadata informationinformation intointo differentdifferent filesfiles..organizeorganize thethe datadata informationinformation intointo differentdifferent filesfiles..

SatelliteSatellite images,images, forfor example,example, maymay havehave twotwo optionaloptional filesfiles..
TheThe statisticsstatistics filefile,, oftenoften withwith thethe extensionextension ..stxstx,, describesdescribes
statisticsstatistics suchsuch asas minimum,minimum, maximum,maximum, mean,mean, andand standardstandard
deviationdeviation forfor eacheach spectralspectral bandband inin anan imageimage..
TheThe colorcolor filefile,, oftenoften withwith thethe extensionextension ..circir,, associatesassociates colorscolorsTheThe colorcolor filefile,, oftenoften withwith thethe extensionextension ..circir,, associatesassociates colorscolors
withwith differentdifferent pixelpixel valuesvalues inin anan imageimage..

DataData ConversionConversion..

TheThe conversionconversion ofof vectorvector datadata toto rasterraster datadata isis calledcalled Rasterization,Rasterization, andand thethe
conversionconversion ofof rasterraster datadata toto vectorvector datadata isis calledcalled VectorizationVectorization..

TheseThese twotwo typestypes ofof conversionconversion useuse differentdifferent computercomputer algorithmsalgorithms..



TheThe simplersimpler ofof thethe twotwo conversionconversion methods,methods,
RasterizationRasterization involvesinvolves threethree basicbasic stepssteps..
TheThe firstfirst stepstep isis toto setset upup aa gridgrid withwith aa specifiedspecified cellcell
sizesize toto covercover thethe areaarea extentextent ofof thethe coveragecoverage andand toto
assignassign initiallyinitially allall cellcell valuesvalues asas zeroszerosassignassign initiallyinitially allall cellcell valuesvalues asas zeroszeros..
TheThe secondsecond stepstep isis toto changechange thethe valuesvalues ofof thosethose
cellscells thatthat correspondcorrespond toto points,points, lines,lines, oror polygonpolygon
boundariesboundaries.. TheThe cellcell valuevalue isis setset toto 11 forfor aa point,point, thethe
line'sline's valuevalue forfor aa line,line, andand thethe polygon'spolygon's valuevalue forfor aa
polygonpolygon boundaryboundary..
TheThe thirdthird stepstep isis toto fillfill thethe interiorinterior ofof thethe polygonpolygonpp p ygp yg
outlineoutline withwith thethe polygonpolygon valuevalue..

ErrorsErrors fromfrom rasterizationrasterization dependdepend onon thethe designdesign ofof thethe
computercomputer algorithmalgorithm andand thethe sizesize ofof rasterraster cellcell..

VectorizationVectorization turnsturns rasterraster lineslines intointo vectorvector lineslines inin aa processprocess
calledcalled tracingtracing..

TracingTracing involvesinvolves threethree basicbasic elementselements::
lineline thinningthinning
lineline extractionextraction
topologicaltopological reconstructionreconstruction..

LinesLines inin thethe vectorvector datadata modelmodel havehave lengthlength butbut nono widthwidth.. LinesLines inin
aa scannedscanned filefile (raster(raster lines),lines), however,however, usuallyusually occupyoccupy severalseveral
pixelspixels inin widthwidth..

RasterRaster lineslines mustmust bebe thinned,thinned, ideallyideally toto aa 11--cellcell width,width, forfor
vectorizationvectorization..



LineLine extractionextraction isis thethe processprocess ofof determiningdetermining wherewhere individualindividual
lineslines beginbegin andand endend..

Finally,Finally, topologytopology isis builtbuilt betweenbetween lineslines extractedextracted fromfrom thethe rasterraster
modelmodel..

ResultsResults ofof rasterraster--toto--vectorvector conversionconversion oftenoften showshow steplikesteplike
featuresfeatures alongalong diagonaldiagonal lineslines..

AA lineline smoothingsmoothing operationoperation cancan eliminateeliminate thosethose artifactsartifacts fromfrom
rasterraster datadata..

AttributeAttribute DataData



IntroductionIntroduction
GISGIS involvesinvolves bothboth spatialspatial andand attributeattribute datadata::

SpatialSpatial datadata relaterelate toto thethe geometrygeometry ofof mapmap features,features,pp g yg y pp ,,

AttributeAttribute datadata describedescribe thethe characteristicscharacteristics ofof thethe mapmap
featuresfeatures.. AttributeAttribute datadata areare storedstored inin tablestables..

EachEach rowrow ofof aa tabletable representsrepresents aa mapmap featurefeature,, andand eacheachpp pp ,,
columncolumn representsrepresents aa characteristiccharacteristic..

TheThe intersectionintersection ofof aa columncolumn andand aa rowrow showsshows thethe valuevalue
ofof aa particularparticular characteristiccharacteristic forfor aa particularparticular mapmap featurefeature..

TheThe differencedifference betweenbetween spatialspatial andand attributeattribute
datadata isis wellwell defineddefined withwith vectorvector--basedbased mapmap
featuresfeatures..

InIn GIS,GIS, storesstores spatialspatial datadata andand attributeattribute datadata
separatelyseparately andand linkslinks thethe twotwo usingusing thethe featurefeature IDIDseparatelyseparately andand linkslinks thethe twotwo usingusing thethe featurefeature IDID..



٢٤/٠٤/١٤٣٣

TheThe twotwo datadata setssets mustmust bebe synchronizedsynchronized soso thatthat thethe
spatialspatial andand attributeattribute datadata ofof mapmap featuresfeatures cancan bebespatialspatial andand attributeattribute datadata ofof mapmap featuresfeatures cancan bebe
queried,queried, analyzed,analyzed, andand displayeddisplayed..

EachEach mapmap featurefeature hashas aa uniqueunique objectobject IDID andand anan
attributeattribute toto storestore itsits geometrygeometry..

Attribute Data
in GIS 

Organization
of attribute data

Type
of attribute data



Organization of Attribute DataOrganization of Attribute Data
AttributeAttribute datadata areare storedstored inin featurefeature attributeattribute tablestables.. AnAn
attributeattribute tabletable isis organizedorganized byby rowrow andand columncolumn..
EachEach rowrow representsrepresents aa mapmap feature,feature, whichwhich hashas aa uniqueunique
labellabel IDID oror objectobject IDID alsoalso calledcalled aa recordrecord oror aa tupletuplelabellabel IDID oror objectobject IDID alsoalso calledcalled aa recordrecord oror aa tupletuple..
EachEach columncolumn representsrepresents aa propertyproperty oror characteristiccharacteristic ofof
thethe mapmap featurefeature andand alsoalso calledcalled aa fieldfield oror anan itemitem..

LineLine featuresfeatures havehave thethe defaultdefault attributeattribute ofof lengthlength,, andand
areaarea featuresfeatures havehave thethe defaultdefault attributesattributes ofof areaarea andand
perimeterperimeter..

AA featurefeature attributeattribute tabletable maymay bebe thethe onlyonly tabletable neededneeded ifif
aa mapmap hashas onlyonly severalseveral attributesattributes toto bebe associatedassociated..

ButBut thisthis isis notnot thethe casecase withwith mostmost GISGIS projectsprojects..



Type of Attribute DataType of Attribute Data
OneOne methodmethod forfor classifyingclassifying attributeattribute datadata isis thethe datadata typetype..

AA datadata typetype determinesdetermines thethe kindkind ofof datadata aa GISGIS packagepackage cancan
storestore CommonCommon datadata typestypes includeinclude charactercharacter integerintegerstorestore.. CommonCommon datadata typestypes includeinclude character,character, integer,integer,
floating,floating, andand datedate..

EachEach commoncommon typetype maymay havehave subtypessubtypes..

TheThe integerinteger typetype cancan bebe shortshort oror longlong,, andand thethe floatingfloating typetype
cancan bebe singlesingle oror doubledouble..

EachEach fieldfield inin anan attributeattribute tabletable mustmust bebe defineddefined withwith aa datadata
typetype..

AnotherAnother methodmethod isis toto definedefine attributeattribute datadata byby measurementmeasurement
scalescale..
TheThe measurementmeasurement scalescale conceptconcept groupsgroups attributeattribute datadata intointo
NominalNominal datadata
describedescribe differentdifferent kindskinds oror differentdifferent categoriescategories ofof datadata suchsuch asas
landland--useuse typestypes oror soilsoil typestypes..ypyp ypyp
OrdinalOrdinal datadata
differentiatedifferentiate datadata byby aa rankingranking relationship,relationship, suchsuch asas ,, soilsoil
erosionerosion maymay bebe orderedordered fromfrom severe,severe, moderate,moderate, toto light)light)
IntervalInterval datadata
havehave knownknown intervalsintervals betweenbetween values,values, suchsuch asas aa temperaturetemperature
readingreading ofof 7070°°FF isis warmerwarmer thanthan 6060°°FF byby 1010°°FF
RatioRatio datadataRatioRatio datadata
areare thethe samesame asas intervalinterval datadata exceptexcept thatthat ratioratio datadata areare basedbased
onon aa meaningful,meaningful, oror absolute,absolute, zerozero value,value, suchsuch asas populationpopulation
densities,densities, becausebecause aa densitydensity ofof 00 isis anan absoluteabsolute zero)zero)..



Attribute Data Entry

Field Definition Methods of Data Entry

Field DefinitionField Definition
TheThe firstfirst stepstep inin attributeattribute datadata entryentry isis toto definedefine eacheach fieldfield inin thethe
tabletable..
AA fieldfield definitiondefinition usuallyusually includesincludes
datadata widthwidthdatadata dtdt
TheThe widthwidth refersrefers toto thethe numbernumber ofof spacesspaces toto bebe reservedreserved forfor aa
fieldfield.. TheThe widthwidth shouldshould bebe largelarge enoughenough forfor thethe largestlargest numbernumber
oror thethe longestlongest stringstring inin thethe datadata.. SpacesSpaces forfor thethe negativenegative signsign
andand thethe decimaldecimal pointpoint shouldshould alsoalso bebe includedincluded inin thethe widthwidth..
datadata typetype
TheThe datadata typetype mustmust followfollow datadata typestypes allowedallowed inin thethe GISGIS
packagepackage..p gp g
numbernumber ofof decimaldecimal placesplaces..
TheThe numbernumber ofof decimaldecimal placesplaces isis partpart of'of' thethe definitiondefinition forfor thethe
realreal numericnumeric datadata typetype..



Methods of Data EntryMethods of Data Entry

AttributeAttribute datadata entryentry isis likelike digitizingdigitizing forfor spatialspatial datadata entryentry..

OneOne mustmust enterenter attributeattribute datadata byby typingtyping..

AA mapmap withwith 40004000 polygons,polygons, eacheach withwith 5050 fieldsfields ofof attributeattribute
data,data, couldcould requirerequire enteringentering 200200,,000000 valuesvalues..

HowHow toto reducereduce timetime andand efforteffort inin attributeattribute datadata entryentry isis ofof
interestinterest toto anyany GISGIS useruser..

Input Input DataData



TheThe mostmost expensiveexpensive partpart ofof aa GISGIS projectproject isisTheThe mostmost expensiveexpensive partpart ofof aa GISGIS projectproject isis
databasedatabase constructionconstruction..

ConvertingConverting fromfrom paperpaper mapsmaps toto digitaldigital mapsmaps usedused
toto bebe thethe firstfirst stepstep inin constructingconstructing aa databasedatabase..

Existing 
GIS Data

Data fromPublic Data Data from
Private Companies



ExistingExisting GISGIS DataData..

ToTo findfind existingexisting GISGIS datadata forfor aa projectproject isis
oftenoften aa mattermatter ofof knowledgeknowledge experienceexperienceoftenoften aa mattermatter ofof knowledge,knowledge, experience,experience,
andand luckluck..

GovernmentGovernment agenciesagencies atat differentdifferent levelslevels
havehave setset upup websiteswebsites forfor sharingsharing publicpublic datadata
andand forfor directingdirecting usersusers toto thethe sourcesource ofof thethe
desireddesired informationinformation..

PublicPublic DataData..

PublicPublic datadata areare oftenoften freefree andand downloadabledownloadable fromfrom thethePublicPublic datadata areare oftenoften freefree andand downloadabledownloadable fromfrom thethe
InternetInternet..

AllAll levelslevels ofof governmentgovernment letlet GISGIS usersusers accessaccess theirtheir publicpublic
datadata..

ToTo GISGIS usersusers lookinglooking forfor data,data, thethe websitewebsite maintainedmaintained byby
thethe FederalFederal GeographicGeographic DataData CommitteeCommittee (FGDC)(FGDC) isis aa goodgoodthethe FederalFederal GeographicGeographic DataData CommitteeCommittee (FGDC)(FGDC) isis aa goodgood
startstart..

OneOne cancan downloaddownload fromfrom thethe USGSUSGS websitewebsite digitaldigital lineline
graphsgraphs (DLGs)(DLGs) andand landland--use/landuse/land--covercover datadata..



MostMost GISGIS datadata onon thethe InternetInternet areare datadata thatthat manymany
organizationsorganizations regularlyregularly useuse forfor GISGIS activitiesactivities..

TheseThese areare calledcalled frameworkframework datadata,, whichwhich typicallytypically
includeinclude sevenseven basicbasic layerslayers::c udec ude se ese e bas cbas c aye saye s
GeodeticGeodetic controlcontrol (accurate(accurate positionalpositional frameworkframework
forfor surveyingsurveying andand mapping),mapping),
OrthoimageryOrthoimagery (rectified(rectified imageryimagery suchsuch asas
orthophotos),orthophotos),
Elevation,Elevation,
Transportation,Transportation,
Hydrography,Hydrography,
GovernmentalGovernmental units,units,
CadastralCadastral informationinformation..

MetadataMetadata..

MetadataMetadata provideprovide informationinformation aboutabout spatialspatial datadata..

TheyThey areare particularlyparticularly importantimportant toto GISGIS usersusers whowho wantwant toto
blibli d td t ff th ith i j tj tuseuse publicpublic datadata forfor theirtheir projectsprojects..

First,First, metadatametadata letlet GISGIS usersusers knowknow ifif thethe datadata meetmeet theirtheir
specificspecific needsneeds forfor areaarea coverage,coverage, datadata quality,quality, andand datadata
currencycurrency..

Second,Second, metadatametadata showshow GISGIS usersusers howhow toto transfer,transfer,,, ,,
process,process, andand interpretinterpret spatialspatial datadata..

Third,Third, metadatametadata includeinclude thethe contactcontact informationinformation forfor GISGIS
usersusers whowho needneed moremore informationinformation..



MetadataMetadata standardsstandards describedescribe aa datadata setset basedbased onon
thethe followingfollowing::

11.. IdentificationIdentification informationinformation (basic(basic informationinformation aboutabout
thethe datadata set,set, includingincluding title,title, geographicgeographic datadata
coveredcovered andand currency)currency)covered,covered, andand currency)currency)..

22.. DataData qualityquality informationinformation (information(information aboutabout thethe
qualityquality ofof thethe datadata set,set, includingincluding positionalpositional andand
attributeattribute accuracy,accuracy, completeness,completeness, consistency,consistency,
sourcessources ofof information,information, andand methodsmethods usedused toto
produceproduce thethe data)data)..pp ))

33.. SpatialSpatial datadata organizationorganization informationinformation (information(information
aboutabout thethe datadata representationrepresentation inin thethe datadata setset suchsuch
asas methodmethod forfor datadata representationrepresentation (e(e..gg..,, rasterraster oror
vector)vector) andand numbernumber ofof spatialspatial objects)objects)..

44.. SpatialSpatial referencereference informationinformation (description(description ofof thethe referencereference
frameframe forfor andand meansmeans ofof encodingencoding coordinatescoordinates inin thethe datadata
setset suchsuch asas thethe parametersparameters forfor mapmap projectionsprojections oror
coordinatecoordinate systems,systems, horizontalhorizontal andand verticalvertical datums,datums, andand
thethe coordinatecoordinate systemsystem resolution)resolution)..

55.. EntityEntity andand attributeattribute informationinformation (information(information aboutabout thethe
contentcontent ofof thethe datadata set,set, suchsuch asas thethe entityentity typestypes andand theirtheir
attributesattributes andand thethe domainsdomains fromfrom whichwhich attributeattribute valuesvalues maymay
bebe assigned)assigned)..

66.. DistributionDistribution informationinformation (information(information aboutabout obtainingobtaining thethe
datadata set)set)datadata set)set)..

77.. MetadataMetadata referencereference informationinformation (information(information onon thethe
currencycurrency ofof thethe metadatametadata informationinformation andand thethe responsibleresponsible
party)party)..



CreatingCreating NewNew DataData..

A variety of data sources that can be used to create new
digital spatial data.

1. Remotely Sensed Data.

2. Global Positioning System (GPS) Data.

3. Street Addresses.

4. Text Files with xy-Coordinates.

5. Survey Data.y

6. Digitizing Using a Digitizing Table.

7 Scanning.

8. On-Screen Digitizing.

11.. RemotelyRemotely SensedSensed DataData..

RemotelyRemotely sensedsensed datadata suchsuch asas digitaldigital orthophotoorthophoto quadsquads
(DOQs)(DOQs) andand satellitesatellite imagesimages areare datadata acquiredacquired byby aa sensorsensor
fromfrom aa distancedistance..

AlthoughAlthough theythey areare rasterraster data,data, DOQsDOQs andand satellitesatellite imagesimages
areare usefuluseful forfor vectorvector datadata inputinput.. DOQsDOQs areare digitizeddigitized aerialaerial
photographsphotographs thatthat havehave beenbeen differentiallydifferentially rectifiedrectified oror
correctedcorrected toto removeremove imageimage displacementsdisplacements byby cameracamera tilttilt
andand terrainterrain reliefrelief..

BlackBlack--andand--whitewhite DOQsDOQs havehave aa 11--metermeter groundground resolutionresolutionQQ gg
andand havehave pixelpixel valuesvalues representingrepresenting 256256 graygray levelslevels..

GISGIS usersusers cancan processprocess satellitesatellite imagesimages andand extractextract datadata
forfor aa varietyvariety ofof mapsmaps inin vectorvector formatformat suchsuch asas landland useuse andand
landland cover,cover, hydrography,hydrography, waterwater quality,quality, andand areasareas ofof
erodederoded soilssoils..



66.. DigitizingDigitizing UsingUsing aa DigitizingDigitizing TableTable..

DigitizingDigitizing isis thethe processprocess ofof convertingconverting datadata fromfrom analoganalog toto digitaldigital
formatformat.. ManualManual digitizingdigitizing usesuses aa digitizingdigitizing tabletable (Figure(Figure 66..22))..

AA digitizingdigitizing tabletable hashas aa builtbuilt--inin electronicelectronic mesh,mesh, whichwhich cancan sensesense thethe
i ii i ff hh TT ii hh didi ff ii hhpositionposition ofof thethe cursorcursor.. ToTo transmittransmit thethe xx--,, yy--coordinatescoordinates ofof aa pointpoint toto thethe

connectedconnected computer,computer, thethe operatoroperator simplysimply clicksclicks onon aa buttonbutton onon thethe
cursorcursor afterafter lininglining upup thethe cursor'scursor's crosscross hairhair withwith thethe pointpoint.. LargeLarge--sizesize
digitizingdigitizing tablestables typicallytypically havehave anan absoluteabsolute accuracyaccuracy ofof 00..001001 inchinch
((00..003003 centimeter)centimeter)..

Many GIS packages have a built-in digitizing module for manual digitizing.

A topology-based GIS package has functionalities to ensure the topology of
the digitized map.

ARCSNAP allows the user to specify a distance within which an arc will be
snapped to an existing arc.

The arcsnap tolerance allows the end of an arc to be snapped to an existing arc.
The left diagram shows the overextension of a digitized arc. Because the
overextension is smaller than the arcsnap tolerance, the end of the digitized arc is
snapped to an existing arc, as shown in the right diagram.



NODESNAP works the same way as ARCSNAP
except it snaps a node to an existing node.

The nodesnap tolerance allows the snapping of nodes.
The left diagram shows the digitized arc not reaching its intended end
point. Because the gap between the nodes is smaller than the
nodesnap tolerance, the end node of the arc is snapped to the other
node.

INTERSECT ARCS calculates arc intersections
and adds nodes at inter-sections.

The intersect arcs command calculates arc intersections and adds nodes at the
intersections.
The left diagram shows the arcs were digitized without adding nodes at the
intersections. The right diagram shows the creation of nodes with the intersect
arcs command.



AlthoughAlthough digitizingdigitizing itselfitself isis mostlymostly manual,manual, thethe
qualityquality ofof digitizingdigitizing cancan bebe improvedimproved withwith planningplanning
andand checkingchecking..

AnAn integratedintegrated approachapproach isis usefuluseful inin digitizingdigitizingAnAn integratedintegrated approachapproach isis usefuluseful inin digitizingdigitizing
differentdifferent mapmap layerslayers ofof aa GISGIS databasedatabase thatthat shareshare
commoncommon boundariesboundaries.. ForFor example,example, soils,soils,
vegetationvegetation types,types, andand landland--useuse typestypes maymay shareshare
somesome commoncommon boundariesboundaries inin aa studystudy areaarea..

DigitizingDigitizing thesethese boundariesboundaries onlyonly onceonce andand usingusingDigitizingDigitizing thesethese boundariesboundaries onlyonly onceonce andand usingusing
themthem onon eacheach ofof thethe mapmap layerslayers notnot onlyonly savessaves
timetime inin digitizingdigitizing butbut alsoalso ensuresensures thethe matchingmatching ofof
thethe layerslayers..

AA rulerule ofof thumbthumb inin digitizingdigitizing lineline oror polygonpolygon featuresfeatures isis toto
digitizedigitize eacheach lineline onceonce andand onlyonly onceonce toto avoidavoid duplicateduplicate
lineslines..

DuplicateDuplicate lineslines areare seldomseldom onon toptop ofof oneone anotheranother becausebecause
ofof thethe highhigh accuracyaccuracy ofof aa digitizingdigitizing tabletable.. InIn fact,fact, duplicateduplicategg yy g gg g ,, pp
lineslines formform aa seriesseries ofof polygonspolygons betweenbetween themthem andand areare
difficultdifficult toto detectdetect andand correctcorrect inin editingediting..

OneOne wayway toto reducereduce thethe numbernumber ofof duplicateduplicate lineslines isis toto putput aa
transparenttransparent sheetsheet onon toptop ofof thethe sourcesource mapmap andand toto markmark offoff
eacheach lineline onon thethe transparenttransparent sheetsheet afterafter thethe lineline isis digitizeddigitized..
ThisThis methodmethod cancan alsoalso re-ducere-duce thethe numbernumber ofof missingmissing lineslines..



7 Scanning.

Scanning is a digitizing method
that converts an analog map into
a scanned file, which is then
converted back to vector format
through tracingthrough tracing.

A scanner converts an analog
map into a scanned image file in
raster format. The map to be
scanned is typically a black-and-
white map: black lines represent
map features, and white areas
represent the background. The
map may be a paper map or amap may be a paper map or a
Mylar map, and inked or
penciled. Scanning converts the
map into a binary scanned file in
raster format; each pixel has a
value of either 1 (map feature) or
0 (back-ground).

MapMap featuresfeatures areare shownshown asas
rasterraster lines,lines, aa seriesseries ofof
connectedconnected pixelspixels onon thethe
scannedscanned filefile..

TheThe pixelpixel sizesize dependsdepends ononpp pp
thethe scanningscanning resolution,resolution,
whichwhich isis oftenoften setset atat 300300
dotsdots perper inchinch (dpi)(dpi) oror 400400
dpidpi forfor digitizingdigitizing..

AA binarybinary scannedscanned filefile:: thethe
lineslines areare soilsoil lines,lines, andand thethe
blackblack areasareas areare thethe
backgroundbackground..



A raster line representing a thin inked line on the
source map may have a width of 5 to 7 pixels.

A raster line in a scanned file has a width of
several pixels.

TracingTracing cancan bebe semiautomaticsemiautomatic oror manualmanual.. InIn semiautomaticsemiautomatic
mode,mode, thethe useruser selectsselects aa startingstarting pointpoint onon thethe imageimage mapmap
andand letslets thethe computercomputer tracetrace allall thethe connectingconnecting rasterraster lineslines..

InIn manualmanual mode,mode, thethe useruser determinesdetermines thethe rasterraster lineline toto bebe
tracedtraced andand thethe directiondirection ofof tracingtracing..



88.. OnOn--ScreenScreen DigitizingDigitizing..

OnOn--screenscreen digitizingdigitizing isis manualmanual digitizingdigitizing onon thethe
tt itit ii d td t hhcomputercomputer monitormonitor usingusing aa datadata sourcesource suchsuch asas aa

DOQDOQ asas thethe backgroundbackground..

OnOn--screenscreen digitizingdigitizing isis anan efficientefficient methodmethod forfor
editingediting oror updatingupdating anan existingexisting mapmap suchsuch asas
addingadding newnew trailstrails oror roadsroads thatthat areare notnot onon anan
existingexisting mapmap butbut areare onon aa newnew DOQDOQ LikewiseLikewise thetheexistingexisting mapmap butbut areare onon aa newnew DOQDOQ.. Likewise,Likewise, thethe
methodmethod cancan bebe usedused forfor editingediting aa vegetationvegetation mapmap
basedbased onon newnew informationinformation fromfrom aa newnew DOQDOQ thatthat
showsshows recentrecent clearclear--cutscuts oror burnedburned areasareas..

GeometricGeometric TransformationTransformation..

AA newlynewly digitizeddigitized mapmap isis measuredmeasured inin thethe samesame
measurementmeasurement unitunit asas thethe sourcesource mapmap usedused forfor
digitizingdigitizing oror scanningscanning..

BeforeBefore thethe digitizeddigitized mapmap cancan bebe usedused inin aa GISGIS
project,project, itit mustmust bebe convertedconverted toto realreal--worldworld
coordinatescoordinates suchsuch asas UTMUTM coordinatescoordinates..

GeometricGeometric transformationtransformation isis thethe processprocess ofof
convertingconverting aa digitaldigital mapmap fromfrom oneone coordinatecoordinate
systemsystem toto anotheranother byby usingusing aa setset ofof controlcontrol pointspoints
andand transformationtransformation equationsequations..



TheThe processprocess beginsbegins withwith digitizingdigitizing aa
setset ofof controlcontrol points,points, whichwhich areare
pointspoints withwith knownknown longitudelongitude andand
latitudelatitude valuesvalues oror realreal--worldworld
coordinatescoordinates..
TheThe nextnext stepstep isis toto convertconvert thethe
longitudelongitude andand latitudelatitude readingsreadings ofoflongitudelongitude andand latitudelatitude readingsreadings ofof
thethe controlcontrol pointspoints toto realreal--worldworld
coordinatescoordinates..
ThisThis stepstep cancan bebe savedsaved ifif thethe realreal--
worldworld coordinatescoordinates ofof thethe controlcontrol
pointspoints areare alreadyalready knownknown..
AA mapmap withoutwithout mapmap featuresfeatures isis thenthen
copiedcopied fromfrom thethe digitizeddigitized map,map, andandpp gg pp
itsits controlcontrol pointspoints areare updatedupdated toto
theirtheir realreal--worldworld coordinatescoordinates..
Finally,Finally, thethe digitizeddigitized mapmap isis
convertedconverted intointo realreal--worldworld
coordinatescoordinates throughthrough thethe useuse ofof aa
transformationtransformation methodmethod andand thethe
controlcontrol pointspoints..

Root Mean Square (RMS) Error.

Control points play a crucial role in geometric transformation.

The quality of the control points with respect to their estimated and actual
locations determines the accuracy of geometric transformation and the
positional accuracy of digitized map featurespositional accuracy of digitized map features.

One measure of the goodness of the control points is the root mean square
(RMS) error, which measures the deviation between the actual location of the
control points, as projected from their longitude and latitude readings into the
output map, and the estimated location, as digitized on the input map.

Typically, RMS errors are listed for each control point, and for the average from
all control points.

If the RMS error exceeds the specified tolerance, either the control points need
to be redigitized or a new set of control points has to be entered.

If the RMS is within the acceptable range, then the assumption is that this
same level of accuracy can also be applied to map features, which are usually
bounded within the control points.



Editing Editing DataData

SpatialSpatial datadata editingediting refersrefers toto thethe processprocess ofof
adding,adding, deleting,deleting, andand modifyingmodifying featuresfeatures inin digitaldigital
mapsmaps..
AA majormajor partpart ofof spatialspatial datadata editingediting isis toto removeremove
digitizingdigitizing errorserrors..
Di it lDi it l ff t it iDigitalDigital mapsmaps fromfrom anyany sourcesource maymay containcontain errorserrors
fromfrom initialinitial digitizingdigitizing oror fromfrom outdatedoutdated datadata
sourcessources..
Therefore,Therefore, roads,roads, landland parcels,parcels, forestforest inventory,inventory,
andand otherother datadata requirerequire regularregular revisionrevision andand
updatingupdating..
TheThe updatingupdating processprocess isis basicallybasically thethe samesame asasTheThe updatingupdating processprocess isis basicallybasically thethe samesame asas
correctingcorrecting errorserrors onon aa newlynewly digitizeddigitized mapmap..



ThereThere areare twotwo typestypes ofof digitizingdigitizing errorserrors..
1.1. LocationLocation errorserrors suchsuch asas missingmissing polygonspolygons oror

distorteddistorted lineslines relaterelate toto inaccuraciesinaccuracies ofof mapmap
featuresfeatures,,

22 TopologicalTopological errorserrors suchsuch asas danglingdangling arcsarcs andand2.2. TopologicalTopological errorserrors suchsuch asas danglingdangling arcsarcs andand
unclosedunclosed polygonspolygons relaterelate toto logicallogical
inconsis-tenciesinconsis-tencies amongamong mapmap featuresfeatures..
ToTo correctcorrect locationlocation errors,errors, oneone oftenoften hashas toto
reshapereshape individualindividual arcsarcs andand digitizedigitize newnew arcsarcs..
ToTo correctcorrect topologicaltopological errors,errors, oneone mustmust bebe
knowledgeableknowledgeable aboutabout thethe topologicaltopological
relationshipsrelationships andand useuse aa topologytopology--basedbased GISGIS
packagepackage toto helphelp makemake correctionscorrections..

LocationLocation errorserrors relaterelate toto thethe locationlocation ofof mapmap
featuresfeatures onon aa digitizeddigitized mapmap..
SeveralSeveral scenariosscenarios maymay explainexplain thethe
discrepanciesdiscrepancies betweenbetween digitizeddigitized lineslines andand
lineslines onon thethe sourcesource mapmap..
TheThe firstfirst isis humanhuman errorserrors inin manualmanual digitizingdigitizing..
HumanHuman errorerror isis notnot difficultdifficult toto understandunderstand::
whenwhen aa sourcesource mapmap hashas hundredshundreds ofofwhenwhen aa sourcesource mapmap hashas hundredshundreds ofof
polygonspolygons andand thousandsthousands ofof lines,lines, oneone cancan
easilyeasily missmiss somesome lineslines oror connectconnect thethe wrongwrong
pointspoints..



TheThe secondsecond scenarioscenario consistsconsists ofof errorserrors inin scanningscanning andand
tracingtracing..
AA tracingtracing algorithmalgorithm usuallyusually hashas problemsproblems whenwhen rasterraster lineslines
meetmeet oror intersect,intersect, areare tootoo closeclose together,together, areare tootoo wide,wide, oror
areare tootoo thinthin andand brokenbroken.. DigitizingDigitizing errorserrors fromfrom tracingtracing
includeinclude collapsedcollapsed lines,lines, misshapenmisshapen lines,lines, andand extraextra lineslines..

TheThe thirdthird scenarioscenario consistsconsists ofof errorserrors inin convertingconverting
thethe digitizeddigitized mapmap toto realreal--worldworld coordinatescoordinates..
ToTo makemake aa checkcheck plotplot atat thethe samesame scalescale asas thethe
sourcesource map,map, oneone mustmust convertconvert thethe digitizeddigitized mapmap toto
realreal--worldworld coordinatescoordinates byby usingusing aa setset ofof controlcontrol
pointspoints..



LocationLocation errorserrors alsoalso includeinclude duplicateduplicate lineslines fromfrom
manualmanual digitizingdigitizing oror tracingtracing..
EachEach arcarc onon aa lineline oror polygonpolygon mapmap isis supposedsupposed toto
bebe digitizeddigitized onlyonly onceonce..
DuplicateDuplicate lineslines alsoalso occuroccur frequentlyfrequently inin tracingtracingpp q yq y gg
becausebecause semiautomaticsemiautomatic tracingtracing followsfollows continuouscontinuous
lineslines eveneven ifif somesome ofof thethe lineslines havehave alreadyalready beenbeen
tracedtraced..
DuplicateDuplicate lineslines areare sometimessometimes difficultdifficult toto detectdetect
withoutwithout zoomingzooming inin..

TopologicalTopological errorserrors
AA commoncommon errorerror occursoccurs whenwhen arcsarcs thatthat areare supposedsupposed toto
meetmeet atat aa pointpoint (node)(node) dodo notnot meetmeet perfectlyperfectly..
ThisThis typetype ofof errorerror becomesbecomes anan undershootundershoot ifif aa gapgap existsexists
betweenbetween thethe arcs,arcs, andand anan overshootovershoot ifif oneone arcarc isis

t d dt d doverextendedoverextended..



TheThe resultresult ofof bothboth casescases isis aa danglingdangling arc,arc, whichwhich hashas thethe
samesame polygonpolygon onon itsits leftleft andand rightright sides,sides, andand aa danglingdangling
nodenode atat thethe endend ofof thethe arcarc..
InIn general,general, itit isis easiereasier toto identifyidentify andand removeremove anan overshootovershoot
withwith itsits danglingdangling nodenode thanthan anan undershootundershoot..g gg g
DanglingDangling nodesnodes alsoalso occuroccur whenwhen aa polygonpolygon isis notnot closedclosed
perfectlyperfectly..

AA pseudopseudo nodenode appearsappears alongalong aa
continuouscontinuous arcarc andand dividesdivides thethe
arcarc unnecessarilyunnecessarily intointo separateseparate
arcsarcs..
SomeSome pseudopseudo nodesnodes are,are,
how-ever,how-ever, acceptableacceptable oror eveneven
necessarynecessary..
ForFor example,example, toto showshow differentdifferent
segmentssegments ofof aa roadroad havinghaving
differentdifferent attributesattributes suchsuch asas speedspeed
limit,limit, pseudopseudo nodesnodes maymay bebe
placedplaced atat pointspoints wherewhere attributeattribute
valuesvalues changechange..
AnotherAnother exampleexample appliesapplies toto
isolatedisolated polygonspolygons notnot connectedconnected
toto otherother polygonspolygons..
AnAn arbitraryarbitrary startingstarting pointpoint (and(and
endend point)point) mustmust bebe chosenchosen toto
digitizedigitize thethe polygonpolygon..
ThatThat pointpoint thenthen becomesbecomes aa
pseudopseudo nodenode..



TheThe arcarc directiondirection maymay becomebecome aa sourcesource ofof topologicaltopological
errorserrors..
ForFor example,example, inin hydrologichydrologic applications,applications, allall streamsstreams
mustmust followfollow thethe downstreamdownstream directiondirection andand thethe startingstarting
pointpoint (the(the fromfrom--node)node) ofof aa streamstream mustmust bebe atat aa higherhigher
elevationelevation thanthan thethe endend pointpoint (the(the toto--nodenode))elevationelevation thanthan thethe endend pointpoint (the(the toto nodenode))..

AA labellabel linkslinks aa polygonpolygon toto
itsits attributeattribute datadata..
AA polygonpolygon thereforetherefore shouldshould
havehave one,one, andand onlyonly one,one,
labellabel..
UnclosedUnclosed polygonspolygons areare
oftenoften thethe causecause forfor multiplemultipleoftenoften thethe causecause forfor multiplemultiple
labellabel errorserrors..
WhenWhen aa gapgap existsexists
betweenbetween polygons,polygons, thethe twotwo
polygonspolygons areare treatedtreated asas aa
singlesingle polygonpolygon
topologicallytopologically..
Consequently,Consequently, thethe twotwoq yq y
labels,labels, whichwhich havehave alreadyalready
beenbeen assignedassigned toto eacheach
polygon,polygon, becomebecome aa casecase ofof
multi-plemulti-ple labelslabels..
TheThe multiplemultiple labellabel errorerror
disappearsdisappears whenwhen thethe gapgap
isis filledfilled..



ReshapingReshaping FeaturesFeatures:: OneOne
cancan alteralter thethe shapeshape ofof aa lineline
byby moving,moving, deleting,deleting, oror
addingadding pointspoints (also(also calledcalled
vertices)vertices) onon thethe lineline..))
TheThe samesame methodmethod cancan bebe
usedused toto reshapereshape aa polygonpolygon..
IfIf thethe reshapingreshaping isis intendedintended
forfor aa polygonpolygon andand itsits
connectedconnected polygons,polygons, oneone
mustmust useuse aa differentdifferent tooltool
( ll d( ll d thth h dh d ditdit t lt l(called(called thethe sharedshared editedit tooltool
inin ArcMap)ArcMap) soso that,that, whenwhen aa
boundaryboundary isis moved,moved, allall
polygonspolygons thatthat shareshare thethe
samesame boundariesboundaries areare
reshapedreshaped simultaneouslysimultaneously..

SplitSplit LinesLines andand PolygonsPolygons:: OneOne cancan sketchsketch aa
newnew lineline thatthat crossescrosses anan existingexisting lineline toto splitsplit
thethe line,line, oror sketchsketch aa splitsplit lineline throughthrough aa
polygonpolygon toto splitsplit thethe polygonpolygon..
AA ll bb litlit i ti t tt bb d id i litlitAA polygonpolygon cancan bebe splitsplit intointo twotwo byby drawingdrawing aa splitsplit
lineline acrossacross thethe polygonpolygon boundaryboundary..



TheThe followingfollowing summarizessummarizes nontopologicalnontopological
operationsoperations thatthat createcreate newnew featuresfeatures fromfrom
existingexisting featuresfeatures..

MergeMerge FeaturesFeatures:: OneOne
cancan groupgroup selectedselected lineline oror
polygonpolygon featuresfeatures intointo oneone
featurefeature..
IfIf thethe mergedmerged featuresfeatures areare
notnot spatiallyspatially adjacentadjacentnotnot spatiallyspatially adjacent,adjacent,
theythey formform aa featurefeature withwith
multiplemultiple partsparts..

BufferBuffer FeaturesFeatures:: OneOne cancan createcreate aa bufferbuffer
aroundaround aa lineline oror polygonpolygon featurefeature atat aa
specifiedspecified distancedistance..

UnionUnion FeaturesFeatures:: OneOne cancan combinecombine featuresfeatures
fromfrom differentdifferent mapsmaps intointo oneone featurefeature.. ThisThis
operationoperation differsdiffers fromfrom thethe mergemerge operationoperation
becausebecause itit worksworks withwith differentdifferent mapsmaps..

IntersectIntersect FeaturesFeatures:: OneOne cancan createcreate aa newnew
featurefeature fromfrom thethe intersectionintersection ofof overlappedoverlapped
featuresfeatures fromfrom differentdifferent mapsmaps..



Vector Vector Data AnalysisData Analysis

TheThe vectorvector datadata usesuses pointspoints andand theirtheir XX--,, yy--
coordinatescoordinates toto constructconstruct spatialspatial featuresfeatures ofof points,points,
lines,lines, andand polygonspolygons..
VectorVector datadata analysisanalysis isis basedbased ononVectorVector datadata analysisanalysis isis basedbased onon

thethe geometricgeometric objectsobjects ofof point,point, line,line, andand
polygonpolygon

thethe accuracyaccuracy ofof analysisanalysis resultsresults dependsdepends onon
thethe accuracyaccuracy ofof thesethese objectsobjects inin termsterms ofof locationlocation
andand shapeshape..andand shapeshape..
BecauseBecause vectorvector datadata maymay bebe topologytopology--basedbased..

TopologyTopology cancan alsoalso bebe aa factorfactor forfor somesome vectorvector datadata
analysisanalysis..



11.. BufferingBuffering..

BasedBased onon thethe conceptconcept ofof proximityproximity

BufferingBuffering separatesseparates aa mapmap intointo twotwo areasareas::

OneOne areaarea thatthat isis withinwithin aa specifiedspecified distancedistance ofof
selectedselected mapmap featuresfeatures (is(is calledcalled thethe bufferbuffer zone)zone)

TheThe otherother areaarea thatthat isis beyondbeyond..

SelectedSelected mapmap featuresfeatures forfor
bufferingbuffering maymay bebe points,points,
lines,lines, oror areasareas..

BufferingBuffering aroundaround pointspoints createscreatesBufferingBuffering aroundaround pointspoints createscreates
circularcircular bufferbuffer zoneszones..

BufferingBuffering aroundaround lineslines createscreates aa
seriesseries ofof elongatedelongated bufferbuffer zoneszones..

BufferingBuffering aroundaround polygonspolygons createscreatesBufferingBuffering aroundaround polygonspolygons createscreates
bufferbuffer zones,zones, extendingextending outwardoutward
fromfrom thethe polygonpolygon boundariesboundaries..
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TheThe bufferbuffer distancedistance oror bufferbuffer sizesize doesdoes notnot havehave toto
bebe constantconstant;; itit cancan varyvary accordingaccording toto thethe valuesvalues ofof
aa givengiven fieldfield..

ForFor example,example, streamstream bufferbuffer sizessizes maymay varyvary
dependingdepending onon thethe intensityintensity ofof adjacentadjacent landland useuse..

A map feature may have more
than one buffer zonethan one buffer zone.

For example, a nuclear power
plant may be buffered with
distances of 5, 10, 15, and 20, , ,
miles, thus forming multiple
rings around the plant.



Buffer zones not dissolved (top) or dissolved Buffer zones not dissolved (top) or dissolved 
(bottom).(bottom).

22.. MapMap overlayoverlay..

MapMap overlayoverlay combinescombines thethe geometriesgeometries andand attributesattributes ofof twotwo
featurefeature mapsmaps toto createcreate thethe outputoutput..

MapMap overlayoverlay combinescombines thethe geometrygeometry andand attributeattribute datadata fromfrom twotwo mapsmaps
intointo aa singlesingle mapmap.. IntersectIntersect isis thethe mapmap overlayoverlay methodmethod inin thisthis
illustrationillustration.. TheThe outputoutput fromfrom thethe intersectintersect includesincludes areasareas thatthat areare
commoncommon toto bothboth inputinput mapsmaps.. TheThe dasheddashed lineslines areare notnot includedincluded inin thethe
outputoutput..



OneOne ofof thethe twotwo mapsmaps isis calledcalled thethe inputinput mapmap andand
thethe otherother thethe overlayoverlay mapmap..

TheThe geometry,geometry, oror thethe spatialspatial data,data, ofof thethe outputoutput
representsrepresents thethe geometricgeometric intersectionintersection ofof mapmap
featuresfeatures fromfrom thethe inputinput andand overlayoverlay mapsmapsfeaturesfeatures fromfrom thethe inputinput andand overlayoverlay mapsmaps..

Therefore,Therefore, thethe numbernumber ofof mapmap featuresfeatures onon thethe
outputoutput mapmap isis notnot thethe sumsum ofof mapmap featuresfeatures onon thethe
inputinput andand overlayoverlay mapsmaps butbut isis usuallyusually muchmuch largerlarger
thanthan thethe sumsum..

EachEach mapmap featurefeature onon thethe outputoutput containscontains aa
combinationcombination ofof attributesattributes fromfrom thethe inputinput andand
overlayoverlay maps,maps, andand thisthis combi-nationcombi-nation differsdiffers fromfrom
itsits neighborsneighbors..

MapMap overlayoverlay cancan workwork withwith onlyonly twotwo polygonpolygon mapsmaps
atat aa timetime..

ForFor instance,instance, ifif threethree polygonpolygon mapsmaps areare toto bebe
overlaidoverlaid thethe operationoperation beginsbegins withwith thethe firstfirst twotwooverlaid,overlaid, thethe operationoperation beginsbegins withwith thethe firstfirst twotwo
andand thenthen usesuses thethe outputoutput fromfrom themthem withwith thethe thirdthird..

TheThe process,process, especiallyespecially thethe trackingtracking ofof thethe
intermediateintermediate outputs,outputs, cancan bebe tedioustedious..

TheThe problemproblem ofof usingusing onlyonly twotwo mapsmaps inin anan overlayoverlay
operationoperation disappearsdisappears withwith thethe regionsregions datadata model,model,
whichwhich allowsallows overlayingoverlaying moremore thanthan twotwo layerslayers inin aa
singlesingle operationoperation..



22..11.. FeatureFeature TypeType andand MapMap OverlayOverlay..

TheThe firstfirst considerationconsideration ofof mapmap overlayoverlay isis featurefeature
typetype..

TheThe inputinput mapmap maymay containcontain points,points, lines,lines, oror
polygonspolygons;; thethe overlayoverlay mapmap mustmust bebe aa polygonpolygon
mapmap;; andand thethe outputoutput hashas thethe samesame featurefeature typetype asas
thethe inputinput..

MapMap overlayoverlay cancan thereforetherefore bebe groupedgrouped byby featurefeature
typetype intointo pointpoint--inin--polygon,polygon, lineline--inin--polygon,polygon, andand
polygonpolygon--onon--polygonpolygon..

InIn aa pointpoint--inin--polygonpolygon operationoperation,, thethe samesame
pointpoint featuresfeatures inin thethe inputinput areare includedincluded inin thethe
outputoutput butbut eacheach pointpoint isis assignedassigned withwith
attributesattributes ofof thethe polygonpolygon withinwithin whichwhich itit fallsfalls..p ygp yg



InIn aa lineline--inin--polygonpolygon operationoperation,, thethe outputoutput containscontains
thethe samesame lineline featuresfeatures asas inin thethe inputinput butbut eacheach ofof
themthem isis dissecteddissected byby thethe polygonpolygon bound-ariesbound-aries onon
thethe overlayoverlay mapmap..

ThusThus thethe outputoutput hashas moremore lineline segmentssegments thanthan
doesdoes thethe input,input, eacheach segmentsegment onon thethe outputoutput
combinescombines attributesattributes fromfrom thethe lineline mapmap andand thethe
polygonpolygon withinwithin whichwhich itit fallsfalls..

TheThe mostmost commoncommon overlayoverlay operationoperation isis polygonpolygon--
onon--polygon,polygon, involvinginvolving twotwo polygonpolygon mapsmaps.. TheThe
outputoutput combinescombines thethe polygonpolygon bound-ariesbound-aries fromfrom thethe
inputinput andand overlayoverlay mapsmaps toto createcreate aa newnew setset ofof
polygonspolygons..

EachEach newnew polygonpolygon carriescarries attributesattributes fromfrom bothboth
maps,maps, andand thesethese attributesattributes differdiffer fromfrom thosethose ofof
adjacentadjacent poly-gonspoly-gons



22..22.. MapMap OverlayOverlay MethodsMethods..

IfIf thethe inputinput mapmap hashas thethe samesame areaarea extentextent asas thethe overlayoverlay
map,map, thenthen thatthat areaarea extentextent alsoalso appliesapplies toto thethe outputoutput..

But,But, ifif thethe inputinput mapmap hashas aa differentdifferent areaarea extentextent thanthan thethe
overlayoverlay map,map, thenthen thethe areaarea ex-tentex-tent ofof thethe outputoutput maymay varyvary
dependingdepending onon thethe overlayoverlay methodmethod usedused..

TheThe threethree commoncommon mapmap overlayoverlay methodsmethods areare calledcalled
11.. UNIONUNION..

22.. INTERSECTINTERSECT

33.. IDENTITYIDENTITY..

UnionUnion preservespreserves allall mapmap featuresfeatures fromfrom thethe inputinput andand
overlayoverlay mapsmaps byby combiningcombining thethe areaarea extentsextents fromfrom bothboth
mapsmaps..

ItIt isis thethe BooleanBoolean operationoperation thatthat usesuses thethe keywordkeyword OROR::
(in-put(in-put map)map) OROR (overlay(overlay map)map)..
TheThe outputoutput correspondscorresponds toto thethe areaarea extentextent ofof thethe inputinput
map,map, oror thethe overlayoverlay map,map, oror bothboth unionunion requiresrequires thatthat bothboth
thethe inputinput andand overlayoverlay mapsmaps bebe polygonpolygon mapsmaps..



IntersectIntersect preservespreserves onlyonly thosethose featuresfeatures thatthat fallfall withinwithin thethe
areaarea extentextent commoncommon toto bothboth thethe inputinput andand overlayoverlay mapsmaps..

IntersectIntersect isis thethe BooleanBoolean operationoperation thatthat usesuses thethe keywordkeywordpp yy
ANDAND:: (input(input map)map) ANDAND (overlay(overlay map)map)..
TheThe outputoutput mustmust correspondcorrespond toto thethe areaarea extentextent ofof bothboth thethe
inputinput andand overlayoverlay mapsmaps.. IntersectIntersect isis oftenoften aa preferredpreferred
methodmethod ofof overlayoverlay becausebecause anyany mapmap featurefeature onon itsits outputoutput
hashas attributeattribute datadata fromfrom bothboth ofof itsits inputsinputs..

IdentityIdentity preservespreserves onlyonly mapmap featuresfeatures thatthat fallfall withinwithin thethe
areaarea extentextent defineddefined byby thethe inputinput mapmap..

ExpressedExpressed inin aa BooleanBoolean expression,expression, IDENTITYIDENTITY representsrepresents
thethe operationoperation:: [(input[(input map)map) ANDAND (overlay(overlay map)]map)] OROR (input(input
map)map).. FeaturesFeatures ofof thethe overlayoverlay mapmap thatthat fallfall outsideoutside thethe areaarea
extentextent ofof thethe inputinput mapmap areare leftleft outout ofof thethe outputoutput.. TheThe inputinput
mapmap forfor identityidentity maymay containcontain points,points, lines,lines, oror polygonspolygons..



33.. DistanceDistance MeasurementMeasurement..

DistanceDistance measurementmeasurement refersrefers toto measuringmeasuring
straightstraight--lineline (Euclidean)(Euclidean) distancesdistances betweenbetween pointspointsstraightstraight--lineline (Euclidean)(Euclidean) distancesdistances betweenbetween points,points,
oror betweenbetween pointspoints andand theirtheir correspondingcorresponding nearestnearest
pointspoints oror lineslines..

EuclideanEuclidean distancedistance isis oneone typetype ofof distancedistance
measuremeasure usedused inin GISGIS..

DistanceDistance measuresmeasures cancan bebe usedused directlydirectly inin datadata
analysisanalysis..

44.. MapMap ManipulationManipulation..

ManyMany GISGIS packagespackages provideprovide toolstools forfor manipulatingmanipulating andand
managingmanaging mapsmaps inin aa databasedatabase.. LikeLike bufferingbuffering andand mapmap
overlay,overlay, thesethese toolstools areare consideredconsidered basicbasic GISGIS toolstools oftenoften

d dd d ff d td t ii dd d td t l il ineededneeded forfor datadata preprocessingpreprocessing andand datadata analysisanalysis..

MapMap manipulationmanipulation isis easyeasy toto followfollow graphically,graphically, eveneven
thoughthough termsterms describingdescribing thethe variousvarious toolstools maymay differdiffer
betweenbetween GISGIS packagespackages..

MostMost toolstools coveredcovered inin thisthis sectionsection involveinvolve twotwo mapsmaps andandpp
areare sometimessometimes classifiedclassified asas mapmap overlayoverlay methodsmethods..

however,however, limitslimits mapmap overlayoverlay toto onlyonly thosethose methodsmethods thatthat cancan
combinecombine spatialspatial andand attributeattribute datadata fromfrom twotwo mapsmaps intointo aa
singlesingle mapmap..



DissolveDissolve aggregatesaggregates mapmap featuresfeatures thatthat havehave thethe samesame
valuevalue ofof aa selectedselected attributeattribute..

AnAn importantimportant applicationapplication ofof dissolvedissolve isis toto simplifysimplify aa
classifiedclassified polygonpolygon mapmap.. ClassificationClassification groupsgroups valuesvalues ofof aa

l t dl t d tt ib ttt ib t i ti t ll dd kk b l tb l tselectedselected attributeattribute intointo classesclasses andand makesmakes obsoleteobsolete
boundariesboundaries ofof adjacentadjacent polygons,polygons, whichwhich havehave dif-ferentdif-ferent
valuesvalues initiallyinitially butbut areare nownow groupedgrouped intointo thethe samesame classclass..
DissolveDissolve cancan removeremove thesethese unnecessaryunnecessary boundariesboundaries andand
createscreates aa new,new, simplersimpler mapmap withwith thethe classificationclassification resultsresults
asas itsits attributeattribute valuesvalues.. AnotherAnother applicationapplication ofof dissolvedissolve isis toto
aggregateaggregate bothboth spatialspatial andand attributeattribute datadata ofof thethe inputinput mapmap..

ClipClip createscreates aa newnew mapmap thatthat includesincludes onlyonly thosethose featuresfeatures
ofof thethe inputinput mapmap thatthat fallsfalls withinwithin thethe areaarea extentextent ofof thethe clipclip
mapmap..

ClipClip isis aa usefuluseful tool,tool, forfor example,example, forfor cuttingcutting aa mapmap
acquiredacquired elsewhereelsewhere toto fitfit aa studystudy areaarea.. TheThe inputinput maymay bebe aa
point,point, line,line, oror polygonpolygon map,map, butbut thethe clipclip mapmap mustmust bebe aa
polygonpolygon mapmap..



MergeMerge createscreates aa newnew mapmap byby piecingpiecing
togethertogether twotwo oror moremore mapsmaps..

SelectSelect,, alsoalso calledcalled reselect,reselect, createscreates aa newnew
mapmap thatthat containscontains mapmap featuresfeatures selectedselected
fromfrom aa useruser--defineddefined logicallogical expressionexpression..



EliminateEliminate createscreates aa newnew mapmap byby removingremoving
mapmap featuresfeatures thatthat meetmeet aa useruser--defineddefined
logicallogical expressionexpression fromfrom thethe inputinput mapmap..

UpdateUpdate usesuses aa "cut"cut andand paste"paste" operationoperation toto
replacereplace thethe inputinput mapmap byby thethe updateupdate mapmap andand itsits
mapmap featuresfeatures..

AsAs thethe namename suggests,suggests, up-dateup-date isis usefuluseful forfor
updatingupdating anan existingexisting mapmap withwith newnew mapmap featuresfeatures inin
limitedlimited areasareas ofof thethe mapmap.. ItIt savessaves thethe GISGIS useruser
fromfrom redigitizingredigitizing thethe mapmap..



EraseErase removesremoves fromfrom thethe inputinput mapmap thosethose
mapmap featuresfeatures thatthat fallfall withinwithin thethe areaarea extentextent
ofof aa mapmap namednamed asas thethe eraseerase mapmap..

SplitSplit dividesdivides thethe inputinput mapmap intointo twotwo oror moremore mapsmaps..

AA splitsplit map,map, whichwhich showsshows areaarea subunits,subunits, isis usedused
asas thethe templatetemplate forfor dividingdividing thethe inputinput mapmap..




