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1 Distancemeasurement

Thelastlecturepresenteénoutline of computationaprocesseandhow they areincorporatednto the scripting
language®f GIS. This lectureis concernedvith extendingour asyetlimited toolboxof compoundprocedures
from justmanipulatingattributesin-place,andoverlayingmaplayers,to make useof our knowledgeof where
geographicabbjectsarelocated.We will in turn seehow distanceandthe measuremertf distancecanbe
introducednext how objectscloseto oneanothemay berelated,andfinally how to startdealingwith surfaces.
On Thursdaywe will completeour treatmenbf analysisby bringingin iteratve methodsor viewshedscost
accumulationdrainage andnetwork operationstogethemith interpolationmethods.

Sincemaplayerscontaingeometridnformationon wherethe objectsandtheir attributesareplaced we canuse
thisto answemorecomplex questionghan“what”, “where”, andcombinationsf “what” questionssuchas
“wherearecellsclassifiedasi nhabi t ed in thepopul at i on layerthatareclassifiedaswat er in thel and
cover layer”. We introducequestiongik e “how far”, “how near”,andthe“buffer” concept.

1. Thespatialreferencesystemanddistancemeasurement

e In orderto measuralistanceor direction,evenon asinglemaplayer, we have to know its spatial
referencesystem.

¢ We alsohave to beawarethatassumptionsnadein projectiongeometryandchoiceof geoidwill
introduceerrorsinto our measurements:urther if the datawe areusingaresecondaryfor instance
scannedr digitisedfrom papemaps the printedrepresentatiowill alsodeviatefrom theoriginal
drawings,andmay alsohave beensubjectto geometriageneralisatiorin draughting.

e However, sinceall measurement@@reapproximationswe handlethis by giving upperandlower
boundgfor ourresults.

¢ Finally, in phenomenave areinterestedn, measuremenesultswill be scale-dependenbecausef
thefractal natureof mary naturalphenomenén vegetationandgeomorphologywhich feedthrough
into landscapestudies.

2. Measuringdistancein therasterandvectorapproaches

¢ Rastemaplayersaredefinedin termsof aregulargrid. Giventhatthegrid cellshave beenassigned
dimensiongneasuredayin metresdistancesn thegrid canbe establishedby countingthe number
of interveningcellsif thedistanceto be measuredollows grid lines.

o If therequireddistancecutsacrosghegrid patternthe measuremenrine will eitherbe built up of
straightlinesanddiagonalscloseto the “true” line, or betakenbetweerthe centroidsof thetwo cells.

e Vectorsystemsaredesignedo measuralistancedlirectly in thechosercoordinatesystemandare
limited by thetolerance®f theinput hardwareratherthanary quality of themaplayer. Finding
attribute valuesalongthetransectescribedy theline dravn is morechallenging.

o Rastersystemgandothis atlittle extracost.Mostrastersystemsplay” atusingvectorprecisionfor
distancemeasuremenhut for analysisthey use“queen”movementgor eachstep.

¢ Remembethatdistancesaremeasuredn theplane.



3. Buffersandtheir application

¢ Now thatwe canmeasuralistancedetweerobjects,t follows thatwe canalsomeasuralistances
aroundthemtoo. This is known asthe buffer operationandwill eitheryield categorieswithin chosen
distancesor a“spread”of increasinglistancegrom the choserobjectsto bereclassifiedr “sliced”
later

o A typical useof buffersis to determinezonesaroundpoint or linearobjectsto which a specific
managemermegimeis to beapplied.If the buffer is one-sidedit canbetermeda “set-back”.

¢ Bufferscanalsobe constructediroundareaobjects;this essentiallyinvolvesthreesteps.The
procedurdirst findsthe edgeof the object,thenbuffersout from thatasif it werealine, andfinally
removesthe buffer areasn the objectsinterior.

o Buffer maplayerscanbeusedlike all otherlayers,for exampleby overlayto establishwhethedand
usecateyoriesapproacteachothertoo closely Remembethatthedistancesneasurednaynotbe
exact,andtry to setthebuffer distancesdn thelight of the precisionof yourinputmaplayer.

4. TriangulationandVoronoidiagrams

¢ If we have severalpoint objects,andspreadlistancaneasurementsut from each,wewill find that
half-way betweereachpair (by definition) the distancesill beequal.This operationof “fencing” is
therasterequivalentof the geometrigprocedureof triangulation.

e Triangulationstartsfrom a distribution of point objectsin the plane,andconstructdinesbetween
them.Obviously somelinescrosseachother, andin thesecasegheshorterine is retained.This
“Delaunay”triangulationdefinesfor eachpointits setof proximalneighboursThe“Voronoi” or
“Dirichlet” tesselations thenfound by drawing new linesat 90 degreegto the midpointsof this
triangulation to form polygons.Thesepolygonsdefinethe areawhich is “closest’to the pointin the
chosemmetric.

e Triangulationcanalsobe usedasa procedurdor contouringwhenthe pointshave anattribute value,
but it startsoff justasaway of partitioningspaceandfinding the setof proximalneighbourdor each
point.

e Forregularly spacedointsin a squaregrid, the“Voronoi” tesselations the patternof grid cells. Each
hasfour proximal neighboursn the“rook” (tarn)pattern.

2 Neighbourhoodoperationsand filtering

Both buffering andtriangulationhave introducedthe notion of proximity, underliningthe potentialimportanceof
relationshipetweerobjectsin spacepetweemeighboursTobler’sfirst law of geographys that: “Everything
is relatedto everythingelse,but nearthingsaremorerelatedthanothers”.We will seethatwe canprogramme
neighbourhoogroceduredy designindfilters.

1. Neighbourhoodsectorstyle

e VectorGIS with topologicalstorageof geometricdataalready‘know” abouttheir neighbours.
Typically, eacharcin anarc-nodestructurewill recordtheD-numberof the polygonsoniits left and
right.

e Consequentlyaskingquestiondik e “Find the sumof thelengthsof the boundariedetween
residentialindpasturecategoriesin theland cover maplayer” is uncomplicated.

e Thesameappliesto makinglists of neighbours*Make alist of all the ownersof properties
neighbouringschoolsn the northwestof the city”, whereneighbourings takento meansharinga
boundaryin acadastramaplayer. The correctnessf thelist doeshowever dependonthelist of
ownersbeingup-to-datebeinglinkedto thecorrectpropertylD’s,andon the precisionof the
cadastramaplayer.

¢ Distancerelationsaremoreof a problem,becausé¢he systemwill typically find every objectwithin
the specifieddistancebeforegoing backto the databaséo checkwhetherattribute conditionsare
fulfilled.



2. Buffersandneighbourhoods

¢ In therastercasetheobjects'know” nothingabouttheir neighbours— the“knowledge”is simply
partof thegrid systemandhasto bereconstructe@achtime it is neededOnthe otherhand,it is
regularanduncomplicated.

e Theproceduresve have alreadylearntpermitusto answemuestiondik e “Find the sumof thelengths
of theboundariedbetweerresidentialandpasturecateyoriesin thelandcover maplayer”, even
thoughwe have no topologicalmeasuref the category polygons.

e Oneapproachs to buffer oneof thetwo cateyoriesout by onegrid cell. If we thenoverlaythe
resultingmapoverthe othercateyory andcross-tablate,we will find acategory with a cell count
approximatinghe boundarybetweerthe categories.

o Naturally, theresultwill notbeprecisebutit is unlikely in thefirst placethatmetre-precisioris a
realisticexpectation— thisis atypically “fuzzy” topic.

3. Filtering andneighbourhoods

o Filtering is away of approachinglatathatcomesfrom modifying unidirectionalseriesmostoftenin
time. In mary casest makessensdo compareesultsnow with resultsfrom a comparablenonthor
seasorpreviously, ratherthanwith thoseimmediatelybefore.Spatialfilters aredifferentbecausehey
move simultaneouslyn two directionsacrosgheplane;they are2D filters.

¢ Filteringis muchusedin processingemotelysensediata,in orderto reducetechnicalimperfections,
andto enhancémagequality. In vectorGIS, filtering is difficult to handle but in rastersystemsit is
simply anothemway of doingoverlays.

o If we startwith a 3x3filter, thereare9 positions:thecell itself, andits 8 neigbourgo theN, NE, E,
SE,S, SW, W, andNW. Overlayaswe know it appliesto thecell itself. Usingfiltering justdiplaces
thelayerin the cardinaldirectionof the neighbourbeingprocessedRemembethatthereis no data
beyondthe edgesf thelayer

e Saywe expectthevalueof eachcell to bethe averageof its neighboursWe candesigna filter to
calculatethis asalittle table,usingmapalgebramultiplication. Hereis the GRASSfilter for “rook’s”
average:
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MATRI X 3
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This canbeusedto computeexpectedvaluesfor cells,in this casea measuref spatialautocorrelation
— ameasuref smoothnes this case.

4. Programming slopefilter

e Beforewe move furtherto discusssurfacesjt maybe helpfulto seehow powerful filters canbe. The
donothaveto justbe 3x3,andcanbe muchlarger, if theprocesselypothesisethase alargerrange.
For our presenpurposesve will keepto 3x3. We only have a simplerasterGIS, which doesnot have
a‘“slope” or “gradient” operationput doesfilter, becauséilter is just overlaywith displacement.

e A standardnethodof estimatingslopeis to fit a 2D planethoughthe9 cellsin a 3x3 neighbourhood;
Chrismangivesthedetailson p. 166. This describeshe samealgorithmasMap Factorypresents
(modulereferencep. 118).

e Thefilterswe needarefor thetwo dimensionsX:

TI TLE 3x3 Sobel x filter
MATRI X 3
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andY:

TI TLE 3x3 Sobel y filter
MATRI X 3
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¢ Runningthefollowing pseudo-codéik e a script) givesusa layerwith slopesin degreegafter
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 startedooking at surfaces slopesandaspecthut oughtto stepbacka little to imposemoreordet
Many GISjustseeelevationastheonly importantsurface— becausehey aredimensionallychallengedlt is also
reasonabléo applyreferencesystemcriteriato elevationsurfacesmeasuringhemin the samemetric. Many
applicationshowever alsodealwith continuoussurfacesof otherattributesthanelevation, but hereslopeand
aspecwill notshareametricwith the spatialreferencesystem(fall in pH permetreof a profile?).

1. Thespatialreferencesystemandsurfaces

e HadGlSincorporatedhreedimensionsslopeandaspectvould have beenpartof thetopological
systemon which attributeswereregistered As it is, measurementsf attributes,includingelevation,
aremadein the 2D plane,followedby assumptionsboutthekind of surfacethey belongto.

o Oftensystemssimplify surfaces sometimedreatingthemaspiecavisecontinuougarasterDEM),
sometimesascontinuouswith abruptchangesn slopeg(TIN — triangulatedrregularnetwork terrain
representationpndsometimedor analysisascontinuouswith continuousatesof change.

o Wewill seenext weekhow interpolationletsusestimatehefit of point-basedttribute datato fill a
studyregion, andhow this mayintroduceerrorinto the surfaceswe use,bothfor elevationandother
attributesof interest.

2. Slopeandaspecproceduresor DEM

¢ In factmostrasterGIS provide compoundproceduresgor computingslopeandalsoaspectthe
directionin which the slopeis facing. Themethodsusedareoftenrefinement®f thefilter presented
above, avoiding for instanceproblemsin determiningaspectwhenslopeis closeto zero.

e |t isimportantto remembethatfilter-basedoroceduresresubjectto edgeeffects,andthatthey
cannotbe expectedio estimateslopeor aspecbetterthanthe underlyingalgorithm. If, asin our
example,slopeandaspectiretakenfrom fitting a simpleplaneto 8 pointsin 2D, theresultswill not
capturesignificantnon-linearity andmay not tacklesummitsor depressionsvell.

e Thisis partlybecaus@ DEM is a 2D piecevise continuoudunction,andthefilterstry to forceit to be
continuouswith abruptchangesn slope.The next steplogically is to estimatethe slopeandaspect
from drapinga continuoudunctionover all thedata,andtakingderivatives.



