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1 Distancemeasurement

Thelastlecturepresentedanoutlineof computationalprocessesandhow they areincorporatedinto thescripting
languagesof GIS.This lectureis concernedwith extendingourasyet limited toolboxof compoundprocedures
from justmanipulatingattributesin-place,andoverlayingmaplayers,to makeuseof our knowledgeof where
geographicalobjectsarelocated.We will in turn seehow distanceandthemeasurementof distancecanbe
introduced,next how objectscloseto oneanothermayberelated,andfinally how to startdealingwith surfaces.
OnThursday, we will completeour treatmentof analysisby bringingin iterativemethodsfor viewsheds,cost
accumulation,drainage,andnetwork operations,togetherwith interpolationmethods.

Sincemaplayerscontaingeometricinformationon wheretheobjectsandtheir attributesareplaced,wecanuse
this to answermorecomplex questionsthan“what”, “where”, andcombinationsof “what” questions,suchas
“wherearecellsclassifiedasinhabited in thepopulation layerthatareclassifiedaswater in theland
cover layer”. We introducequestionslike “how far”, “how near”,andthe“buffer” concept.

1. Thespatialreferencesystemanddistancemeasurement

� In orderto measuredistanceor direction,evenon asinglemaplayer, we haveto know its spatial
referencesystem.

� We alsohaveto beawarethatassumptionsmadein projectiongeometryandchoiceof geoidwill
introduceerrorsinto our measurements.Further, if thedataweareusingaresecondary, for instance
scannedor digitisedfrom papermaps,theprintedrepresentationwill alsodeviatefrom theoriginal
drawings,andmayalsohavebeensubjectto geometricgeneralisationin draughting.

� However, sinceall measurementsareapproximations,wehandlethisby giving upperandlower
boundsfor our results.

� Finally, in phenomenawe areinterestedin, measurementresultswill bescale-dependent,becauseof
thefractalnatureof many naturalphenomenain vegetationandgeomorphology, which feedthrough
into landscapestudies.

2. Measuringdistancein therasterandvectorapproaches

� Rastermaplayersaredefinedin termsof a regulargrid. Giventhatthegrid cellshavebeenassigned
dimensionsmeasuredsayin metres,distancesin thegrid canbeestablishedby countingthenumber
of interveningcellsif thedistanceto bemeasuredfollowsgrid lines.

� If therequireddistancecutsacrossthegrid pattern,themeasurementline will eitherbebuilt up of
straightlinesanddiagonalscloseto the“true” line, or betakenbetweenthecentroidsof thetwo cells.

� Vectorsystemsaredesignedto measuredistancesdirectly in thechosencoordinatesystem,andare
limited by thetolerancesof theinput hardwareratherthanany qualityof themaplayer. Finding
attributevaluesalongthetransectdescribedby theline drawn is morechallenging.

� Rastersystemscando this at little extracost.Most rastersystems“play” at usingvectorprecisionfor
distancemeasurement,but for analysisthey use“queen”movementsfor eachstep.

� Rememberthatdistancesaremeasuredin theplane.

1



3. Buffersandtheir application

� Now thatwe canmeasuredistancesbetweenobjects,it follows thatwe canalsomeasuredistances
aroundthemtoo. This is known asthebuffer operation,andwill eitheryield categorieswithin chosen
distances,or a “spread”of increasingdistancesfrom thechosenobjectsto bereclassifiedor “sliced”
later.

� A typical useof buffersis to determinezonesaroundpointor linearobjectsto which a specific
managementregimeis to beapplied.If thebuffer is one-sided,it canbetermeda “set-back”.

� Bufferscanalsobeconstructedaroundareaobjects;this essentiallyinvolvesthreesteps.The
procedurefirst findstheedgeof theobject,thenbuffersout from thatasif it werea line, andfinally
removesthebuffer areasin theobject’s interior.

� Buffer maplayerscanbeusedlikeall otherlayers,for exampleby overlayto establishwhetherland
usecategoriesapproacheachothertoo closely. Rememberthatthedistancesmeasuredmaynot be
exact,andtry to setthebuffer distancesin thelight of theprecisionof your inputmaplayer.

4. TriangulationandVoronoidiagrams

� If wehaveseveralpointobjects,andspreaddistancemeasurementsout from each,wewill find that
half-waybetweeneachpair (by definition)thedistanceswill beequal.Thisoperationof “fencing” is
therasterequivalentof thegeometricprocedureof triangulation.

� Triangulationstartsfrom adistributionof point objectsin theplane,andconstructslinesbetween
them.Obviouslysomelinescrosseachother, andin thesecasestheshorterline is retained.This
“Delaunay”triangulationdefinesfor eachpoint its setof proximalneighbours.The“Voronoi” or
“Dirichlet” tesselationis thenfoundby drawing new linesat 90degreesto themidpointsof this
triangulation,to form polygons.Thesepolygonsdefinetheareawhich is “closest”to thepoint in the
chosenmetric.

� Triangulationcanalsobeusedasa procedurefor contouringwhenthepointshaveanattributevalue,
but it startsoff just asa wayof partitioningspaceandfinding thesetof proximalneighboursfor each
point.

� For regularlyspacedpointsin a squaregrid, the“Voronoi” tesselationis thepatternof grid cells.Each
hasfour proximalneighboursin the“rook” (tårn)pattern.

2 Neighbourhoodoperationsand filtering

Bothbufferingandtriangulationhave introducedthenotionof proximity, underliningthepotentialimportanceof
relationshipsbetweenobjectsin space,betweenneighbours.Tobler’sfirst law of geographyis that: “Everything
is relatedto everythingelse,but nearthingsaremorerelatedthanothers”.We will seethatwecanprogramme
neighbourhoodproceduresby designingfilters.

1. Neighbourhoodsvector-style

� VectorGIS with topologicalstorageof geometricdataalready“know” abouttheir neighbours.
Typically, eacharcin anarc-nodestructurewill recordtheID-numberof thepolygonson its left and
right.

� Consequently, askingquestionslike “Find thesumof thelengthsof theboundariesbetween
residentialandpasturecategoriesin thelandcovermaplayer” is uncomplicated.

� Thesameappliesto makinglists of neighbours:“Makea list of all theownersof properties
neighbouringschoolsin thenorthwestof thecity”, whereneighbouringis takento meansharinga
boundaryin a cadastralmaplayer. Thecorrectnessof thelist doeshoweverdependon thelist of
ownersbeingup-to-date,beinglinkedto thecorrectpropertyID’s,andon theprecisionof the
cadastralmaplayer.

� Distancerelationsaremoreof a problem,becausethesystemwill typically find everyobjectwithin
thespecifieddistancebeforegoingbackto thedatabaseto checkwhetherattributeconditionsare
fulfilled.
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2. Buffersandneighbourhoods

� In therastercase,theobjects“know” nothingabouttheir neighbours— the“knowledge”is simply
partof thegrid system,andhasto bereconstructedeachtime it is needed.On theotherhand,it is
regularanduncomplicated.

� Theprocedureswehavealreadylearntpermitusto answerquestionslike “Find thesumof thelengths
of theboundariesbetweenresidentialandpasturecategoriesin thelandcovermaplayer”, even
thoughwe haveno topologicalmeasureof thecategorypolygons.

� Oneapproachis to buffer oneof thetwo categoriesout by onegrid cell. If we thenoverlaythe
resultingmapover theothercategoryandcross-tabulate,we will find acategorywith acell count
approximatingtheboundarybetweenthecategories.

� Naturally, theresultwill not beprecise,but it is unlikely in thefirst placethatmetre-precisionis a
realisticexpectation— this is a typically “fuzzy” topic.

3. Filtering andneighbourhoods

� Filtering is away of approachingdatathatcomesfrom modifying unidirectionalseries,mostoftenin
time. In many casesit makessenseto compareresultsnow with resultsfrom a comparablemonthor
seasonpreviously, ratherthanwith thoseimmediatelybefore.Spatialfilters aredifferentbecausethey
movesimultaneouslyin two directionsacrosstheplane;they are2D filters.

� Filtering is muchusedin processingremotelysenseddata,in orderto reducetechnicalimperfections,
andto enhanceimagequality. In vectorGIS,filtering is difficult to handle,but in rastersystems,it is
simply anotherway of doingoverlays.

� If westartwith a 3x3filter, thereare9 positions:thecell itself, andits 8 neigboursto theN, NE, E,
SE,S,SW, W, andNW. Overlayaswe know it appliesto thecell itself. Usingfiltering just diplaces
thelayerin thecardinaldirectionof theneighbourbeingprocessed.Rememberthatthereis no data
beyondtheedgesof thelayer.

� Saywe expectthevalueof eachcell to betheaverageof its neighbours.We candesigna filter to
calculatethisasa little table,usingmapalgebramultiplication.Hereis theGRASSfilter for “rook’s”
average:

TITLE 3x3 rook’s move
MATRIX 3
0 1 0
1 0 1
0 1 0
DIVISOR 0
TYPE P

Thiscanbeusedto computeexpectedvaluesfor cells,in this caseameasureof spatialautocorrelation
— ameasureof smoothnessin this case.

4. Programminga slopefilter

� Beforewe movefurtherto discusssurfaces,it maybehelpful to seehow powerful filters canbe.The
do nothave to just be3x3,andcanbemuchlarger, if theprocesseshypothesisedhavea largerrange.
For ourpresentpurposeswe will keepto 3x3. We only havea simplerasterGIS,which doesnot have
a“slope” or “gradient” operation,but doesfilter, becausefilter is just overlaywith displacement.

� A standardmethodof estimatingslopeis to fit a 2D planethoughthe9 cellsin a 3x3neighbourhood;
Chrismangivesthedetailson p. 166.ThisdescribesthesamealgorithmasMapFactorypresents
(modulereferencep. 118).

� Thefilterswe needarefor thetwo dimensions,X:

TITLE 3x3 Sobel x filter
MATRIX 3
-1 0 1
-2 0 2
-1 0 1
DIVISOR 8
TYPE P
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andY:

TITLE 3x3 Sobel y filter
MATRIX 3
-1 -2 -1
0 0 0
1 2 1
DIVISOR 8
TYPE P

� Runningthefollowing pseudo-code(likeascript)givesusa layerwith slopesin degrees(after
cleaningup edgeeffects):

slope.in.x = Filter elevation using "Sobel x filter";
slope.in.y = Filter elevation using "Sobel y filter";
slope = sqrt((slope.in.x ^ 2) + (slope.in.y ^ 2));

3 Surfaces,slopesand aspect

We have just startedlooking atsurfaces,slopesandaspect,but oughtto stepbacka little to imposemoreorder.
Many GIS justseeelevationastheonly importantsurface— becausethey aredimensionallychallenged.It is also
reasonableto applyreferencesystemcriteriato elevationsurfaces,measuringthemin thesamemetric.Many
applicationshoweveralsodealwith continuoussurfacesof otherattributesthanelevation,but hereslopeand
aspectwill not sharea metricwith thespatialreferencesystem(fall in pH permetreof a profile?).

1. Thespatialreferencesystemandsurfaces

� HadGIS incorporatedthreedimensions,slopeandaspectwouldhavebeenpartof thetopological
systemon which attributeswereregistered.As it is, measurementsof attributes,includingelevation,
aremadein the2D plane,followedby assumptionsaboutthekind of surfacethey belongto.

� Oftensystemssimplify surfaces,sometimestreatingthemaspiecewisecontinuous(a rasterDEM),
sometimesascontinuouswith abruptchangesin slopes(TIN — triangulatedirregularnetwork terrain
representation),andsometimesfor analysisascontinuouswith continuousratesof change.

� We will seenext weekhow interpolationletsusestimatethefit of point-basedattributedatato fill a
studyregion,andhow this mayintroduceerrorinto thesurfaceswe use,bothfor elevationandother
attributesof interest.

2. Slopeandaspectproceduresfor DEM

� In factmostrasterGIS providecompoundproceduresfor computingslopeandalsoaspect,the
directionin which theslopeis facing.Themethodsusedareoftenrefinementsof thefilter presented
above,avoiding for instanceproblemsin determiningaspectwhenslopeis closeto zero.

� It is importantto rememberthatfilter-basedproceduresaresubjectto edgeeffects,andthatthey
cannotbeexpectedto estimateslopeor aspectbetterthantheunderlyingalgorithm.If, asin our
example,slopeandaspectaretakenfrom fitting a simpleplaneto 8 pointsin 2D, theresultswill not
capturesignificantnon-linearity, andmaynot tacklesummitsor depressionswell.

� This is partlybecauseaDEM is a2D piecewisecontinuousfunction,andthefilters try to forceit to be
continuouswith abruptchangesin slope.Thenext steplogically is to estimatetheslopeandaspect
from drapinga continuousfunctionoverall thedata,andtakingderivatives.

4


