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ABSTRACT

Practicd GIS generalisatin using existing Arc/Info operatiors invariably follows a
simple genert generalisatin algorithm Typically the algorithm consiss of dissolv-
ing adjacempolygors with the same attribute value line generalisationselectia of
all polygors of smal area and elimination of selecté polygors by mergirg with the
neighbourig polygan of large$ area This pape addressetwo fundamenthprob-
lems with this simple algorithm performirg topologicallyy consistehline generali-
satian that preserve polygom adjacenciesand establishig criteria arnd operatos for
selectio of polygors as candidate for elimination In particula, we conside the
utility of the polygan skeletan in ead of thes contexts Thes problens aros in at-
temps to reprodue a generalisd Soil Map of New Zealard from highe resolution
soils polygors of the New Zealar Land Resoure Inventoy. We have developed
additiona tools that operaé on existing Arc/Info coverags and contributk further
generalisatio logic.

Keywordsand Phrases. GIS GeneralisationTopologically ConsistehLine GeneralisationDouglas-Peucer-
Rame Algorithm, Virtual Adjaceng.

1 Introduction

Geographt information need to be mack available at multiple levels of abstractio (Muller, Weibel Lagrange,
ard Sapgé 1995) A mapisone mears of representig geographt information The scak of amap may be defined
as “the ratio betwee the size of an objed on the mgp ard its red size on the ground (Muller et al. 1995).
Although geographt data may be represents on mays at arange of differernt scalesthe validity of observations
or inference drawn from sud maps depend upon the appropriatenesof the thematic resolution (the fineness
of categoy definitiors for a particula attribute) ard spatial resolution (the smalles$ objed representedof the
representationQuestiors regardimy geographi phenomea often have soneinherer resolution Models applied
to the® questiors may be valid only over a specift range of resolutions Moreove, the available data may not
be at the required resolution hene the neal for generalisation.

Weibd and Dutton (1999 defire generalisatin as “a proces which realise transitiors betwea different
modek representig a portion of the red world at decreasig detail while maximisirg information conten with
respetto agiven application” More simply, thismearsthat generalisatinisaproceswhich transforns aspatial
dataseto a coarse representatio of the red world with the objectve of preservilg as muc valid information
at the final resolution as possible Muller et al. (1995 clearly distingui betwea cartographt generalisation
ard GIS generalisatio (also called mode generalisatim). The former is concernd with improving legibility
of graphicé visualisation of spatid datg while the latter is oriented toward reductio of spatid datato a coarser



thematicor spatialresolution.In thispapemwe areconcerneavith GIS generalisatioin thecontext of apolygonal
datasetepresentingaturalresourcesThisis consideredy Weibel (1995)asoneof thethree“essentiabuilding
blocks”for automatedjeneralisatiomogethemwith knowledgeacquisitionandthe post-generalisatioassessment
of theresults.

Rijkse andHewitt (1995) produceda Soil Map of New Zealand by applyingthe New ZealandSoil Classi-
fication (Hewitt 1998)to the spatialsoils coverageheldin the New ZealandLand Resourcdnventory(NZLRI)
(NWASCO01979).Thesoil order classificatiorof New Zealandsoilsdividessoilsinto 15 major cateyories:allo-
phanic,anthorpic,brown, gley, granular melanic,organic,oxidic, pallic, podzols,pumice raw, recentsemiarid,
andultic. Arc/Info line generalisatiorand polygon elimination GIS operationsvere appliedto approximately
90000 (nominally1:50000scale)NZLRI polygons.Thiswasfollowedby considerableditingto produceamap
atascaleof 1:1 million, atwenty-foldchangen scale.Two salientissueshave beenidentifiedwith this style of
map production. First, we wish to producea mapat the 1:1 million scalethatcontainsmuchlessdetail. Much
of the detailedline work andvery small arealpolygonfeaturesarenot valid at thefinal scale.Secondjt is often
the casethatthe spatialstructureof a naturalresourcdollows thetopographyof theland, e.g.,recentsoils often
follow river structuresbut traditional area-basee@limination of small polygonstendsto underrepresenthese
soilsin thegeneraliseanap.

2 A Simple GIS Generalisation Algorithm

Traditional vector GIS terminology may be morerigorously definedin termsof graphtheory (for definitions
of basicgraphtheorysee,e.g.,Bondy andMurty (1976)). A coverageis a planargraph,G, embeddedn the

EuclideanplaneR?, with vertex setV andedgeset E. Eachedgeis a line segmentin the planarembedding.
AlthoughG neednotnecessarilype connectedeachcomponentdf G mustbestronglyconnectedi.e. if any edge
is removedfrom G thereis no changen the numberof componentsA polygonis afaceof a coverageandis a

connectedsubsebf R? but may not necessarilhave a connectecoundary Theworld polygon correspondso

theinfinite face. A non-world polygonis external if it is adjacento theworld polygon. A non-world polygon
is isolatedif it is adjacento exactly oneotherpolygon (which could be the world polygon). The setof nodes
consistsof all verticesof degree> 3 and one nominatedvertex on the boundaryof eachisolatedpolygon. A

polyline is a pathin G andanarc is a polyline betweemodesthat containsno othernodes.Associatedvith a
coverageis atleastoneattrib ute thatis a functiondefinedon the setof polygons,P.

Example. Figure 1 shows the planarembeddingof a graphwhosenodesare denotedby ‘e’ and labelled

N = {nq,ns,...,n12}. Edgesaredenoted—’, andthoseverticesthatare not nodesaredenoted o’. The
polyline (n3, v, v2, v3,n7) is anarc. The polygonsarethesetP = {pworid, P1,P2,---,P9}. Theboundaryof
polygonps is thepath(ns, v1,vs,v3,n7,...,n8,-..,MN2,-..,n3). Theboundaryof polygonpy; is the setof two
paths{(nr,...,n12,...,n9,ns,...,N7), (N11,...,n11)}. Notethattherearethreearcswith nodesns andng.

Polygonsps, pg areisolatedandpolygonsps, ps, ps, p7, pe areexternal.

GIS generalisatiorf a coveragemay be decomposethto two genericoperations:

Line Generalisation is the appropriaterepresentationf the one-dimensionapolyline resolutionthat reduces
the amountof detailwithin coveragearcs. Formally, line generalisationis a transformatiorfrom a source
coverageS to a generalisectcoverageG thatresultsin a one-to-onecorrespondencbetweenthe nodes,
arcsandpolygons preseresthe planarembeddingf the nodes andeacharcin the generalisec¢overage
approximateshe correspondingrcin the sourcecoverage pftenby fewer vertices.

Polygon Generalisation is the appropriateepresentatioof the two-dimensionapolygonresolution.Formally,
polygongeneralisatiolis a transformatiorfrom a sourcecoverageS to ageneralisedoverageG suchthat
the polygonsof G' correspondo a subsebf the polygonsof S. New nodesandarcsmay be createdand
old nodesandarcsremoved.

A simpleapproachtypified by Arc/Info andthe Kaleidospackageof Arc/Info AML scriptsby Daroussin
(1991),assumeshatline generalisatioris independentf polygongeneralisationA difficulty with theindepen-
denceof line andpolygongeneralisatioris to identify the relationshipbetweerthe line resolution(the smallest
significantline detail) andthe arealresolution(the smallestsignificantarealdetail). In cartographigeneralisa-
tion, significanceefersto whatis ableto beplottedatthemapscale. However, in GIS generalisatiorsignificance
refersto whatdegreeof detailhasavalid interpretatiorgiventherequiredresolution.This ultimatelycomesdown
to whatvalid inferencesnaybedravn from thedetail of dataconcomitantvith the questiongposed.If apolygon
is large,thenwe mustrely on line generalisationbut if a polygonis small,thenwe mustdeterminesignificance
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Figurel: GraphTheoreticDefinitionsof GIS Terminology

via polygongeneralisation.Polygongeneralisatioris commonlyrestrictedto the memer of eachinsignificant
polygonwith its mostsignificantneighbour Hence,GIS generalisatiorhasbecomesynorymouswith Algo-
rithm 1 SIMPLE GIS GENERALISATION (below), which assumeghat adjacentpolygonsof the sameclassare
meigedbothbeforeandaftergeneralisation.

Algorithm 1 SIMPLE GIS GENERALISATION

Performline generalisation.

Selectinsignificantpolygons.

Merge eachinsignificantpolygonwith its mostsignificantneighbour
end

This paperattemptsto addresghesetwo componentproblemsin the context of the SIMPLE GIS GENER-
ALISATION heuristic: GIS line generalisatior{Section3) and GIS polygongeneralisatior{Section4). Finally,
Section5 draws someconclusionsandmakesrecommendationfor futureresearch.

3 GIS Line Generalisation

Line generalisatioris one of the most studiedproblemsin the cartographiditerature (McMaster1987a;Mc-
Master1987b;McMaster1989). White (1985) suggestshatthe mostvisually effective polyline generalisation
heuristicis the Douglas-Peuaddr-Rameralgorithm(DPR) proposedndependentioy Ramer(1972)andDouglas
andPeucler (1973).DPRbuilds anew generalisegbolyline thatlies within a predefinedlistance: of theoriginal
polyline. Algorithm 2 DOUGLAS-PEUCKER-RAMER (Seeover) givesa recursve definition of DPR wherefor
v;,v5, v, € V, d(vi,v;,vg) is the perpendiculadistancebetweenu; andthe line segmentt;Ty. It is known
(BaderandWeibel 1997;Saalfeld1999)that DPR doesnot necessarilypresere the non-intersectiompropertyof
apolyline.

We areinterestedn two particularaspectf line generalisatiorin the context of GIS generalisationithe
presenrationof topologyduringline generalisationi.e., preventingintersectiorof generalisedrcs;andtheeval-
uationof the“goodnesf fit” of ageneralisegbolyline to theoriginal.

3.1 Detectionand Corr ection of Topological Conflicts

SupposeDPR hasbeenappliedto anindividual polyline andresultsin a generalisegolyline which intersects
itself. Figure 2 shows the polyline (vo,...,v13). With an appropriatechoiceof e, asillustrated, DPR may



Algorithm 2 DOUGLAS-PEUCKER-RAMER

Input: L = (vo,...,v,) //apolyline
Input: € > 0 // smallestignificantdistance

if (n > 2 and max;{d(v;,vo,vn)} > €) then
i* « agmax{d(v;,vo,v,)}

L, < DOUGLAS-PEUCKER-RAMER((vg, . . - , Us+ ), €)
Lg < DOUGLAS-PEUCKER-RAMER((Vj+, ..., Up), €)
return appendL,, Lg)

else
return (vo, vn)

end

end

(a) Original Polyline (b) Self-Intersecting?olyline
resultingfrom DRP

Figure2: Exampleof Self-Intersectindg?olylineresultingfrom DRP

selecthesubsepolyline (vg, v, v7, V10, v13). Thereareseveralpossiblemethodof resolvingthis conflict. The
obvious methodis to continueto apply DRP with a smallervalueof e. However, this may introduceadditional
detail to partsof the polyline which do not currently conflict. An alternatve that resolhesthis problemis to
continueto apply DRPonly to thoseedgesof thegeneralisegholyline which currentlyconflictandcontinueuntil
thereareno conflicts. In the worst case,it is possiblethatthe edgesof the generalisegolyline that originally
conflictedarerefinedall theway to the correspondingectionf the original polyline. The problemof deciding
which offendingedgeto attemptto resol\e first is complicated Onedecisionrule is to consideffirst thoseedges
with the maximumnumberof intersectionsHowever, Figure3 illustratesa problemwith this correctionmethod
sinceapplyingDRP to the polylineson theleft andright may bothresultin thetopologicallyincorrectpolyline
in thecentre.If DRPresultsin the centrepolyline, thenwe cannoteasilydeterminevhetherto first considerthe
edgewith two intersection®r oneof the edgeswith oneintersection.

Now supposehatanarcwithin acoveragds to begeneralisedothatit doesnotintersectary othercoverage
arcs. A generalisedolyline resultingfrom applying DPR may be displacedby a distanceaslarge ase from
the original polyline. Hence the generaliseghbolyline mayloseits propertopologicalrelationshipto otherpoint
or linear featuresthat lie at a distancelessthen e from the original polyline. Saalfeld(1999) obsenres that
sinceDPR only selectsa subsebf the original polyline, potentialconflictscanonly occurwith verticesof other
polylinesthatlie within the closedconvex hull of theoriginal polyline. Hence thesearcHor potentialtopological
conflicts of a given arc may be reducedto only thoseverticeson other arcswhich satisfy thesedistanceand

@) O O O
O O O O
O O

Figure3: Problemwith Correctionof Self-Intersection



(a) Polygon (b) ConstrainedelaunayTriangulationand Skeleton
Figure4: ConstrainedelaunayTriangulationandSkeletonof a Polygon

corvex hull conditions. To correctsuchconflicts, Saalfeldsuggestshatif we chooseane slightly lessthanthe
minimum distanceof an offendingvertex from the polyline, thenwe remove all possibility of ary otherfeature
conflicting with the featureundegoing generalisation. The choice of which offending edgeto tackle first is

not importantsince eachoffendingedgemay be consideredndependently Although this methodof Saalfeld
guaranteesopologicalconsisteng of a coveragejt appliesonly whenarcsaregeneralisedequentially ldeally,

we wishto generalisall arcsin parallel.

3.2 Polygon Skeletonsand Constrained Line Generalisation

Within the context of GIS generalisationthe major incorvenienceof DPR is that it operatesexclusively in

ignoranceof otherarcsin the sameGIS coverage. Hence,it may producegeneralisedarcsthat do not retain
the topologicalintegrity of the coverage.Although Saalfelds schemeells us which verticesor edgesof other
arcsmay potentially conflict, it tells us nothingaboutpreservingthe characteristicof the polygonson either
side. We wish to balancethe degreeof generalisationwith preseration of the caricatureof the polygonswhile

maintainingtopologicalconsisteng. An alternatve approachs to determineaconstrainingarcon eithersideof a

givenarcthatthe generalisedrersionof thatarcmay notintersect.The problemthenbecomesiow to determine
the constrainingarcs.

This begs the questionof whatthe characterististructureof a polygonis. A polygonmay be very simple,
e.g.,atriangle,or may have a very complicatedstructure.In naturalresourcedatasetsthereareoften polygons
with “spidery” structures.We needto be ableto determinewhich partsof the polygonstructureare significant
(andhenceneedpreservingandwhich areinsignificant(andhencemaybe generalisear pruned).

TheconstrainedDelaunaytriangulation of apolygonis atriangulationof thepolygonverticeshatincludes
the polygonedgesandhasthe propertythatthe smallestinternaltriangleangleis maximisedwhenall triangles
areremoved from concaities and holes(Shavchuk 1996). The skeleton of a polygonis a “1-d analoguefor
an arealobjectandis also useful during merge and displacementperators”(Bundy, Jones,and Furse1995).
Figure4(a) shavs a genericpolygon. Figure 4(b) shows the correspondingonstrainedelaunaytriangulation
(dashedines) andskeleton(solid lines). The skeletonverticesof degreetwo (solid circles)lie on the midpoint
of eachtriangleedgenot on the polygonboundarywhile the skeletonverticesof odd degree(solid squaresj)ie
atthe centreof trianglesof odddegree.A polygonwhoseboundaryis disconnected, e. the polygoncontainsat
leastone“hole,” hasa correspondingkeletonthatis atreeplusoneadditionaledgefor eachhole.

Figure5(a) shavs a particulararc(in bold) to be generalisedandits two adjacenpolygonswith their corre-
spondingskeletons.The arrows indicatethe connectiorbetweerthe two arc nodesandthe two skeletons;each
arcnodeis connectedo theclosestkeletonvertex on eachskeleton.Figure5(b) shovstheoriginalarcto begen-
eralisedandthetwo skeletonswhich actasconstrainingrees.The skeletonsareaugmentedby graftingthenodes
to the closestskeletonvertex. To incorporatethis methodinto DPR, we have modified Algorithm 2 by replacing
the condition“n > 2 and max;{d(v;,ve,vn)} > €' by the condition“n > 2 and (max;{d(vi,vo,vn)} > €

or (vg,vy,) intersectsxeitherconstraintree)” Figure5(c) shavs the original arcto be generaliseéndtwo con-
strainingarcsobtainedby pruningthe skeletonsof all extraneousbrancheswvhich do not lie on the pathfrom
nodeto nodethroughthetree.Usingthefull skeletonasa constrainimaximizesthe preserationof the character
of the correspondingolygon, whereaghe otherextreme,usinga completelyprunedskeleton,correspondso
preservingonly thetopologicalconsisteng of the coveragewhenarcsaregeneralisedn parallel. Intelligentuse



[¢] [¢]
o
[©]
[¢] o]
[¢]
(a) Selectecarcandadjacent (b) PolygonSkeletonsas (c) PrunedPolygon
polygonsandskeletons Constraints SkeletonsasConstraints

Figure5: Specificatiorof Constraintgo Line Generalisation

of pruningmay producemoreusefulconstraintssinceinsignificantpartsof a polygon’s structuremaybeignored
while significantpartsof a polygoncanberetainedn thegeneralised¢overage.

3.3 Assessmenbf Line Generalisation Algorithms

Line smoothingcan be distinguishedrom line generalisatione.g.,a line derived from a rasterimagemay be
smoothedo remove the sav-tooth or steps-and-stait®ok. Here,we focuson polylinesasa representatiowf
partof a polygonboundary In particular therearetwo typesof requirementsvhich leadto therepresentatioof
apolyline by anotherpolyline.

Line simplification is the representationf a polyline sothatthe caricatureof theline is representedby fewer
points. This oftenoccursfrom a desireto compresshe storageassociatedavith aline, from limitations of
the plotting device, or from a wish to representine resolutionconcomitantwith polygonrepresentation,
i.e.representingno moredetailin theline thanwould bein apolygon.

Line smoothing is therepresentationf a polyline sothattherearefewer sharpanglesandthe aesthetic®f the
line areimproved. This oftenoccurswherealine is to be extractedfrom arasterepresentation.

McMaster(1987a)providesa suiteof numericalevaluatorsfor line simplification. However, oftentheseare
definedin termsof line simplificationalgorithmsthatsimply selecta subsebf the existing vertices suchasDRP.
For suchold-new polyline pairsit is computationallyefficient to calculatethe areaenclosedbetweenthe two
polylines or the perpendiculadistanceof ary point on one polyline from the other polyline. However, when
the new polyline is not a subsetof the old polyline, therecan be ambiguitiesasto the exact areabetweenthe
two polylines. This is oftenthe casein line smoothingsincefew of the original verticesareretained andmary
additionalverticesareaddedeitherto densifythe polyline or throughinterpolatinga setof vertex locations.We
have developeda simplealgorithmthatdetectgheintersection®f thetwo polylinesin strict orderfrom oneend
throughto the other Hence,eachcomponenbf the pair of polylines may be evaluatedindependentlyandthe
resultsaccumulated.

4 GIS Polygon Generalisation

A criterionfor eliminationof insignificantpolygonsis to selectthosepolygonsof smallarea.In soil mapping
sizeis notnecessarilya goodcriterion. For example thereareoftensignificantclustersof non-adjacenpolygons
that shouldbe preseredin somegeneralisedorm. In addition, thereare often isolatedpolygonsthat should
somehav berepresenteth thefinal output. Hence the relationshipbetweerpolygonsbeyond simpleadjacenyg
(anartifactof the vectormodel)shouldbe consideredThe selectandeliminateparadigmfor GIS generalisation
canbeimprovedby consideringalternatve selectioncriteriaanddifferenteliminationoperations.

4.1 Selectionof Polygonsfor Elimination

Two commonprinciplesfor selectionof polygonsfor eliminationareto applya bDI1SSOLVE operatorthatmemges
adjacenpolygonsthathave the sameattribute value,andto selectthosepolygonswhosearealies belov a given
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Figure6: Histogramof p(p) for NorthIslandNZLRI Polygons

thresholdfor elimination. We have attemptedo relax thesetwo requirementdy consideringooth the areaand
perimeterof anindividual polygon,andby consideringsetsof polygonswith the sameattribute valuethatare
nearlyadjacent.

The standardapproactignoresthe significanceof itemsthathave smallareabut spana large spatialextent,
suchasarivernetwork andthe soilsassociatedvith rivers. Thesetypesof polygonshave beenidentifiedasvery
importantfeaturego presere in the generalisatioprocess.We have useda perimetersquaredo arearatio. A
circle makesthe mostefficient useof space.For a polygon p, with areaA(p) andperimeterP(p), let p(p) be
theratio

P(p)®

plp) = ImAlg)”

Thisratiois choserbecausd isindependendf scaleandthemostefficientratio, thatof thecircle, hasp(circle) =
1. Note that a squarehasp(squarg = %, andary rectanglehasp(rectangl¢ > %. Figure 6 illustratesthe
distribution of p over the North Island NZLRI polygonsfor four differentlevels of area. From this we may
concludethatratherthanconsiderareaalone we mayconsidetbothanareaanda p constraint.

Simplegeneralisatiortiogic ignoresthe natureof naturalresourcedatasetsclustersof polygonsthatarenot
adjacentoften form a naturalstructuresuchasa riparian strip. In this case,evaluationof the significanceof
individual polygonsis not sufficient; we needto considematuralclustersor structuref nonadjacenpolygons.
Two polygonsare physically adjacent if they sharea commonboundaryarc. However, we may definetwo
polygonsasvirtually adjacentif they areboth partof someset(clusten of polygonsthatshouldbe considered
asonefor the purposeof elimination. In an operationalsense yvirtual adjaceng may be definedin termsof
distancebetweerpolygonsor (sincewe wantto modellinearstructure®f setsof polygons)thedistancebetween
polygon skeletons. In this respect,dissolving adjacentpolygonswith the sameattribute value is a cosmetic
operatiornonly.

4.2 Elimination Operators

Oncea set(or cluster)of polygonshasbeenselectedasinsignificantat the targetresolution,the polygonsneed
to beeliminatedfrom the coverage Onemethodfor “filling theholes”,thatof the Arc/Info ELIMINATE operator
is to mege a selectednsignificantpolygonwith the polygonthat eitherhasthe largestareaof thosepolygons
adjacento the selectecpolygon,or hasthe longestcommonboundarywith the selectecbolygon. Neitherarea,
nor commonboundarylength are necessarilygood criteria for assigningthe areapreviously occupiedby the
selectecpolygon.

Traditionally, a polygonis eliminatedby meming it with one adjacentpolygonandremoving the common
boundary This may alternatvely be viewed as the collapseof a polygon onto part of its boundaryand the
reassignmentf its areato theadjacenpolygon. Two apparentlyseparat@ctiities mayinitiate a partialpolygon
collapse. In the contet of polyline generalisationa tree structuremay provide appropriategeneralisatiorof
a polyline, e.g.,anisthmusadjacento a coastline. Also a “skinny” partof a polygonthat hassmall areaand
correspondso a branchof the polygonskeletondeemednsignificantto the overall structureof the polygonmay
be replacedby a polyline attachedo the reducedpolygon. Thesetwo possibilitiesare essentiallyperspecties
on the sameoperation,demonstratinghat line generalisatiorand polygon generalisatiorare not necessarily
independenproblems.The mostgenerakliminationoperatoiis the partial collapsewherebyoneor moreparts



»

Figure7: Partial-CollapseDperator

(a) Polygon(plusskeleton)selectedor elimination (b) Arearedistribuitedamongstdjacenpolygons
Figure8: Collapse-and-Eliminat®peratoradaptedrom BaderandWeibel (1997))

of a polygonarereplacedby a linearfeature(polyline or tree) connectedo the remainingpart of the polygon.
Figure? illustratesoneparticularoperatorof thistype. A specialcases developedby BaderandWeibel (1997).
Figure8 illustratesa polygonskeletoncollapsingfor the entirepolygonwherethe areaof the eliminatedpolygon
is redistriutedamongstll adjacenpolygonsandthenew polygonboundariesreconstructedrom theskeleton
of the eliminatedpolygon.

5 Conclusions

Althoughthedistinctionof GIS generalisatiorirom cartographigeneralisatiorns well definedin the literature,
therequiredtools,logic andalgorithmsfor GIS generalisatiorarelesswell developed.This paperhasdescribed
the developmentof topologically consistentine generalisatiorwithin a polygonaldatasetand discussedilter
native criteria and operationsfor elimination of polygonsor clustersof polygons. The resultis encapsulated
in Algorithm 3 ENHANCED SIMPLE GIS GENERALISATION which includesthe ideaof iteratively changingthe
spatialand thematicresolutionin small steps,corverging to the desiredresolution. The skeletonof a polygon
hasprovedusefulin definingconstraintson individual polygonsthat presere the topologicalconsisteng of the
coverage chainingnearlyadjacenipolygonsthatrepresensomenaturalstructure partially collapsingpolygons
to linear features,andredistributing the associatedrea. Although the skeletonof a polygonis not unique, it
appeardo capturethe significantstructureof a polygonandlendsitself well to collapsingan arealfeatureto a
linearfeature,.e. collapsingpartof a polygonontothe correspondindpranchof the polygonskeleton.
Promisingfuture researchdirectionsinclude further developmentof the useof skeletonsand clusteringof
polygons.Therearemary stageof the generalisatiomprocessat which the brancheof a polygonskeletonmay
be pruned,eitherin constrainedine generalisatioror for collapsingpolygons. Also, skeleton-base@perators
may be usefulfor exaggerationof polygons,meming of polygonsthat are not adjacent,andfor clusteringof
polygons.Whena polygonis eliminated,its areais currentlyredistritutedamongsits neighbouringoolygons,
regardlesof theattributevalueof theseneighboursAn alternatveis to redistributethe polygonareato themost
similar neighbour involving somekind of clusteringoperation. Ratherthan assigningthe dominantattribute
valueto the cluster we may recordthe proportionalareacontrituted by eachoriginal polygonthat hasbeen



Algorithm 3 ENHANCED SIMPLE GIS GENERALISATION
loop over incrementsn resolutiondo
Performtopologicallyconstrainedine generalisation.
Selectcandidatensignificantpolygonclusters.
Eliminateeachinsignificantpolygonamongsits mostappropriateneighbouringpolygons.
end
end

mergedinto thecluster
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