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ABSTRACT

Practical GIS generalisation using existing Arc/Info operations invariably follows a
simple, generic generalisation algorithm. Typically thealgorithm consistsof dissolv-
ing adjacent polygons with the same attributevalue, line generalisation, selection of
all polygonsof small area, and elimination of selected polygonsby merging with the
neighbouring polygon of largest area. This paper addresses two fundamental prob-
lems with this simple algorithm: performing topologically consistent line generali-
sation that preservespolygon adjacencies; and establishing criteriaand operators for
selection of polygons as candidates for elimination. In particular, we consider the
utility of thepolygon skeleton in each of thesecontexts. Theseproblemsarose in at-
tempts to reproduce a generalised Soil Map of New Zealand from higher resolution
soils polygons of the New Zealand Land Resource Inventory. We have developed
additional tools that operate on existing Arc/Info coverages and contribute further
generalisation logic.

Keywordsand Phrases. GISGeneralisation, Topologically Consistent LineGeneralisation, Douglas-Peucker-
Ramer Algorithm, Virtual Adjacency.

1 Int roduction

Geographic information needs to be made available at multiple levels of abstraction (Müller, Weibel, Lagrange,
and Salgé1995). A map isonemeansof representing geographic information. Thescaleof amap may bedefined
as “the ratio between the size of an object on the map and its real size on the ground” (Müller et al. 1995).
Although geographic data may be represented on maps at a range of different scales, thevalidity of observations
or inferences drawn from such maps depends upon the appropriateness of the thematic resolution (the fineness
of category definitions for a particular attribute) and spatial resolution (the smallest object represented) of the
representation. Questions regarding geographic phenomenaoften havesomeinherent resolution. Modelsapplied
to these questions may be valid only over a specific range of resolutions. Moreover, the available data may not
beat the required resolution, hence the need for generalisation.

Weibel and Dutton (1999) define generalisation as “a process which realises transitions between different
models representing a portion of the real world at decreasing detail, while maximising information content with
respect to agivenapplication.” Moresimply, thismeansthat generalisation isaprocesswhich transformsaspatial
dataset to a coarser representation of the real world with the objective of preserving as much valid information
at the final resolution as possible. Müller et al. (1995) clearly distinguish between cartographic generalisation
and GIS generalisation (also called model generalisation). The former is concerned with improving legibility
of graphical visualisation of spatial data, while the latter is oriented toward reduction of spatial data to a coarser



thematic
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or spatialresolution.In thispaperweareconcernedwith GISgeneralisationin thecontext of apolygonal
datasetrepresentingnaturalresources.This is consideredby Weibel(1995)asoneof thethree“essentialbuilding
blocks” for automatedgeneralisationtogetherwith knowledgeacquisitionandthepost-generalisationassessment
of theresults.

RijkseandHewitt (1995)produceda Soil Map of New Zealand by applyingtheNew ZealandSoil Classi-
fication(Hewitt 1998)to thespatialsoilscoverageheld in theNew ZealandLandResourceInventory(NZLRI)
(NWASCO1979).Thesoil order classificationof New Zealandsoilsdividessoilsinto 15majorcategories:allo-
phanic,anthorpic,brown, gley, granular, melanic,organic,oxidic, pallic, podzols,pumice,raw, recent,semiarid,
andultic. Arc/Info line generalisationandpolygoneliminationGIS operationswereappliedto approximately
90000(nominally1:50000scale)NZLRI polygons.Thiswasfollowedby considerableeditingto produceamap
at a scaleof 1:1 million, a twenty-foldchangein scale.Two salientissueshave beenidentifiedwith this styleof
mapproduction.First, we wish to producea mapat the1:1 million scalethatcontainsmuchlessdetail. Much
of thedetailedline work andverysmallarealpolygonfeaturesarenot valid at thefinal scale.Second,it is often
thecasethat thespatialstructureof a naturalresourcefollows thetopographyof theland,e.g.,recentsoilsoften
follow river structuresbut traditionalarea-basedeliminationof small polygonstendsto under-representthese
soilsin thegeneralisedmap.

2 A SimpleGIS GeneralisationAlgorithm

Traditional vectorGIS terminologymay be more rigorouslydefinedin termsof graphtheory (for definitions
of basicgraphtheorysee,e.g.,Bondy andMurty (1976)). A coverage is a planargraph, � , embeddedin the
Euclideanplane ��� , with vertex set � andedgeset � . Eachedgeis a line segmentin the planarembedding.
Although � neednotnecessarilybeconnected,eachcomponentof � mustbestronglyconnected,i.e. if any edge
is removedfrom � thereis no changein thenumberof components.A polygon is a faceof a coverageandis a
connectedsubsetof ��� but maynot necessarilyhave a connectedboundary. Theworld polygon correspondsto
the infinite face.A non-world polygonis external if it is adjacentto theworld polygon. A non-world polygon
is isolated if it is adjacentto exactly oneotherpolygon(which couldbe the world polygon). Thesetof nodes
consistsof all verticesof degree 	�
 andonenominatedvertex on the boundaryof eachisolatedpolygon. A
polyline is a pathin � andanarc is a polyline betweennodesthatcontainsno othernodes.Associatedwith a
coverageis at leastoneattrib ute thatis a functiondefinedon thesetof polygons,� .

Example. Figure 1 shows the planarembeddingof a graphwhosenodesare denotedby ‘ 
 ’ and labelled��� ��������� � ������������� � � . Edgesaredenoted‘—’, and thoseverticesthat arenot nodesaredenoted‘ � ’. The
polyline � ��� ��!"�#��! � �$! �"�$��%�& is anarc. Thepolygonsaretheset � � ��')()*,+.- /0�1'2���3' � ���������1'54 � . Theboundaryof
polygon

' �
is thepath � � � ��! � �$! � �$! � �$� % ������������6 ����������� � ���������$� � & . Theboundaryof polygon

' %
is thesetof two

paths
� � � % ����������� � � ����������� 4 ����6 ���������$� % &�� � � ��� ����������� ��� & � . Note that therearethreearcswith nodes

��7
and

��8
.

Polygons
'96:�1' 4

areisolatedandpolygons
' � �3' � �3'<;"�1' % �1' 4 areexternal.

GISgeneralisationof a coveragemaybedecomposedinto two genericoperations:

Line Generalisation is the appropriaterepresentationof the one-dimensionalpolyline resolutionthat reduces
theamountof detailwithin coveragearcs.Formally, line generalisationis a transformationfrom a source
coverage= to a generalisedcoverage� that resultsin a one-to-onecorrespondencebetweenthe nodes,
arcsandpolygons,preservestheplanarembeddingof thenodes,andeacharcin thegeneralisedcoverage
approximatesthecorrespondingarcin thesourcecoverage,oftenby fewervertices.

PolygonGeneralisation is theappropriaterepresentationof the two-dimensionalpolygonresolution.Formally,
polygongeneralisationis a transformationfrom asourcecoverage= to ageneralisedcoverage� suchthat
thepolygonsof � correspondto a subsetof thepolygonsof = . New nodesandarcsmaybecreatedand
old nodesandarcsremoved.

A simpleapproach,typified by Arc/Info andthe Kaleidospackageof Arc/Info AML scriptsby Daroussin
(1991),assumesthatline generalisationis independentof polygongeneralisation.A difficulty with theindepen-
denceof line andpolygongeneralisationis to identify therelationshipbetweenthe line resolution(thesmallest
significantline detail)andthearealresolution(thesmallestsignificantarealdetail). In cartographicgeneralisa-
tion, significancerefersto whatis ableto beplottedatthemapscale.However, in GISgeneralisation,significance
refersto whatdegreeof detailhasavalid interpretationgiventherequiredresolution.Thisultimatelycomesdown
to whatvalid inferencesmaybedrawn from thedetailof dataconcomitantwith thequestionsposed.If apolygon
is large,thenwe mustrely on line generalisation,but if a polygonis small,thenwe mustdeterminesignificance
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Figure1: GraphTheoreticDefinitionsof GIS Terminology

via polygongeneralisation.Polygongeneralisationis commonlyrestrictedto the merger of eachinsignificant
polygonwith its mostsignificantneighbour. Hence,GIS generalisationhasbecomesynonymouswith Algo-
rithm 1 SIMPLE GIS GENERALISATION (below), which assumesthat adjacentpolygonsof the sameclassare
mergedbothbeforeandaftergeneralisation.

Algorithm 1 SIMPLE GIS GENERALISATION

Performline generalisation.
Selectinsignificantpolygons.
Mergeeachinsignificantpolygonwith its mostsignificantneighbour.

end

This paperattemptsto addressthesetwo componentproblemsin the context of the SIMPLE GIS GENER-
ALISATION heuristic: GIS line generalisation(Section3) andGIS polygongeneralisation(Section4). Finally,
Section5 drawssomeconclusionsandmakesrecommendationsfor futureresearch.

3 GIS Line Generalisation

Line generalisationis oneof the moststudiedproblemsin the cartographicliterature(McMaster1987a;Mc-
Master1987b;McMaster1989). White (1985)suggeststhat themostvisually effective polyline generalisation
heuristicis theDouglas-Peucker-Rameralgorithm(DPR)proposedindependentlyby Ramer(1972)andDouglas
andPeucker(1973).DPRbuildsanew generalisedpolylinethatlieswithin apredefineddistanceS of theoriginal
polyline. Algorithm 2 DOUGLAS-PEUCKER-RAMER (seeover) givesa recursive definition of DPR whereforT)U � TWV � T<XZY � , [5� T)U � TWV � T<X & is the perpendiculardistancebetweenT)U andthe line segment TWV�T<X . It is known
(BaderandWeibel1997;Saalfeld1999)thatDPRdoesnot necessarilypreserve thenon-intersectionpropertyof
a polyline.

We areinterestedin two particularaspectsof line generalisationin the context of GIS generalisation:the
preservationof topologyduringline generalisation,i.e.,preventingintersectionof generalisedarcs;andtheeval-
uationof the“goodnessof fit” of ageneralisedpolyline to theoriginal.

3.1 Detectionand Corr ection of TopologicalConflicts

SupposeDPR hasbeenappliedto an individual polyline andresultsin a generalisedpolyline which intersects
itself. Figure 2 shows the polyline � T0\ ��������� T �$��& . With an appropriatechoiceof S , as illustrated,DPR may



Algorithm 2 DOUGLAS-PEUCKER-RAMER

Input: ] � � T \ ��������� T)^ & // a polyline
Input: S`_ba // smallestsignificantdistance

if (
� 	dc and egf h U � [5� T)U � T \ � T)^ & �i_dS ) thenjlknm

argmaxU � [5� T)U � T \ � T)^ & �]po m
DOUGLAS-PEUCKER-RAMER �$� T0\ ��������� T Urq &�� S &]ts m
DOUGLAS-PEUCKER-RAMER ��� T Urq ��������� T ^ &u� S &

return append�1]vo � ]ts &
else

return � T0\ � T ^ &
end

end
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(a)OriginalPolyline (b) Self-IntersectingPolyline
resultingfrom DRP

Figure2: Exampleof Self-IntersectingPolylineresultingfrom DRP

selectthesubsetpolyline � T0\ � T 8 � T %:� T � \ � T �$��& . Thereareseveralpossiblemethodsof resolvingthisconflict. The
obviousmethodis to continueto applyDRPwith a smallervalueof S . However, this may introduceadditional
detail to partsof the polyline which do not currently conflict. An alternative that resolves this problemis to
continueto applyDRPonly to thoseedgesof thegeneralisedpolylinewhichcurrentlyconflictandcontinueuntil
thereareno conflicts. In the worst case,it is possiblethat the edgesof the generalisedpolyline thatoriginally
conflictedarerefinedall theway to thecorrespondingsectionsof theoriginalpolyline. Theproblemof deciding
which offendingedgeto attemptto resolvefirst is complicated.Onedecisionrule is to considerfirst thoseedges
with themaximumnumberof intersections.However, Figure3 illustratesa problemwith this correctionmethod
sinceapplyingDRPto thepolylineson the left andright maybothresultin thetopologicallyincorrectpolyline
in thecentre.If DRPresultsin thecentrepolyline, thenwe cannoteasilydeterminewhetherto first considerthe
edgewith two intersectionsor oneof theedgeswith oneintersection.

Now supposethatanarcwithin acoverageis to begeneralisedsothatit doesnot intersectany othercoverage
arcs. A generalisedpolyline resultingfrom applyingDPR may be displacedby a distanceas large as S from
theoriginal polyline. Hence,thegeneralisedpolyline mayloseits propertopologicalrelationshipto otherpoint
or linear featuresthat lie at a distancelessthen S from the original polyline. Saalfeld(1999) observes that
sinceDPRonly selectsa subsetof theoriginal polyline,potentialconflictscanonly occurwith verticesof other
polylinesthatlie within theclosedconvex hull of theoriginalpolyline. Hence,thesearchfor potentialtopological
conflictsof a given arc may be reducedto only thoseverticeson otherarcswhich satisfy thesedistanceand

�$��$� �$��$�

Figure3: Problemwith Correctionof Self-Intersection



(a)Polygon (b) ConstrainedDelaunayTriangulationandSkeleton

Figure4: ConstrainedDelaunayTriangulationandSkeletonof aPolygon

convex hull conditions.To correctsuchconflicts,Saalfeldsuggeststhat if we choosean S slightly lessthanthe
minimumdistanceof anoffendingvertex from thepolyline, thenwe remove all possibilityof any otherfeature
conflicting with the featureundergoing generalisation.The choiceof which offending edgeto tackle first is
not importantsinceeachoffendingedgemay be consideredindependently. Although this methodof Saalfeld
guaranteestopologicalconsistency of a coverage,it appliesonly whenarcsaregeneralisedsequentially. Ideally,
we wish to generaliseall arcsin parallel.

3.2 PolygonSkeletonsand ConstrainedLine Generalisation

Within the context of GIS generalisation,the major inconvenienceof DPR is that it operatesexclusively in
ignoranceof otherarcsin the sameGIS coverage. Hence,it may producegeneralisedarcsthat do not retain
the topologicalintegrity of the coverage.AlthoughSaalfeld’s schemetells uswhich verticesor edgesof other
arcsmay potentially conflict, it tells us nothingaboutpreservingthe characteristicsof the polygonson either
side. We wish to balancethedegreeof generalisationwith preservationof thecaricatureof thepolygonswhile
maintainingtopologicalconsistency. An alternativeapproachis to determineaconstrainingarconeithersideof a
givenarcthatthegeneralisedversionof thatarcmaynot intersect.Theproblemthenbecomeshow to determine
theconstrainingarcs.

This begs the questionof what thecharacteristicstructureof a polygonis. A polygonmaybe very simple,
e.g.,a triangle,or mayhave a very complicatedstructure.In naturalresourcedatasets,thereareoftenpolygons
with “spidery” structures.We needto beableto determinewhich partsof thepolygonstructurearesignificant
(andhenceneedpreserving)andwhichareinsignificant(andhencemaybegeneralisedor pruned).

TheconstrainedDelaunaytriangulation of apolygonis atriangulationof thepolygonverticesthatincludes
thepolygonedgesandhasthepropertythat thesmallestinternaltriangleangleis maximisedwhenall triangles
areremoved from concavities andholes(Shewchuk 1996). The skeleton of a polygonis a “1-d analoguefor
an arealobjectand is alsousefulduring merge anddisplacementoperators”(Bundy, Jones,andFurse1995).
Figure4(a)shows a genericpolygon. Figure4(b) shows the correspondingconstrainedDelaunaytriangulation
(dashedlines)andskeleton(solid lines). Theskeletonverticesof degreetwo (solid circles)lie on themidpoint
of eachtriangleedgenot on thepolygonboundary, while theskeletonverticesof odddegree(solid squares)lie
at thecentreof trianglesof odddegree.A polygonwhoseboundaryis disconnected,i.e. thepolygoncontainsat
leastone“hole,” hasa correspondingskeletonthatis a treeplusoneadditionaledgefor eachhole.

Figure5(a)showsa particulararc(in bold) to begeneralised,andits two adjacentpolygonswith their corre-
spondingskeletons.Thearrows indicatetheconnectionbetweenthe two arcnodesandthetwo skeletons;each
arcnodeis connectedto theclosestskeletonvertex oneachskeleton.Figure5(b)showstheoriginalarcto begen-
eralisedandthetwo skeletonswhichactasconstrainingtrees.Theskeletonsareaugmentedby graftingthenodes
to theclosestskeletonvertex. To incorporatethis methodinto DPR,we havemodifiedAlgorithm 2 by replacing
the condition“

� 	�c and egf#h U � [5� T U � T0\ � T ^ & ��_�S ” by the condition“
� 	�c and ( egf h U � [5� T U � T0\ � T ^ & ��_�S

or � T0\ � T ^ & intersectseitherconstrainttree).” Figure5(c) shows theoriginal arc to begeneralisedandtwo con-
strainingarcsobtainedby pruningthe skeletonsof all extraneousbrancheswhich do not lie on the pathfrom
nodeto nodethroughthetree.Usingthefull skeletonasa constraintmaximizesthepreservationof thecharacter
of the correspondingpolygon,whereasthe otherextreme,usinga completelyprunedskeleton,correspondsto
preservingonly thetopologicalconsistency of thecoveragewhenarcsaregeneralisedin parallel.Intelligentuse



(a)Selectedarcandadjacent (b) PolygonSkeletonsas (c) PrunedPolygon
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Figure5: Specificationof Constraintsto Line Generalisation

of pruningmayproducemoreusefulconstraintssinceinsignificantpartsof apolygon’sstructuremaybeignored
while significantpartsof a polygoncanberetainedin thegeneralisedcoverage.

3.3 Assessmentof Line GeneralisationAlgorithms

Line smoothingcanbe distinguishedfrom line generalisation,e.g.,a line derived from a rasterimagemay be
smoothedto remove the saw-toothor steps-and-stairslook. Here,we focuson polylinesasa representationof
partof a polygonboundary. In particular, therearetwo typesof requirementswhich leadto therepresentationof
a polylineby anotherpolyline.

Line simplification is the representationof a polyline so that thecaricatureof the line is representedby fewer
points.This oftenoccursfrom a desireto compressthestorageassociatedwith a line, from limitationsof
the plotting device, or from a wish to representline resolutionconcomitantwith polygonrepresentation,
i.e. representingno moredetail in theline thanwouldbein apolygon.

Line smoothing is therepresentationof a polyline sothat therearefewer sharpanglesandtheaestheticsof the
line areimproved.This oftenoccurswherea line is to beextractedfrom a rasterrepresentation.

McMaster(1987a)providesa suiteof numericalevaluatorsfor line simplification. However, oftentheseare
definedin termsof line simplificationalgorithmsthatsimplyselectasubsetof theexistingvertices,suchasDRP.
For suchold-new polyline pairs it is computationallyefficient to calculatethe areaenclosedbetweenthe two
polylinesor the perpendiculardistanceof any point on onepolyline from the otherpolyline. However, when
the new polyline is not a subsetof the old polyline, therecanbe ambiguitiesasto the exact areabetweenthe
two polylines.This is oftenthecasein line smoothing,sincefew of theoriginal verticesareretained,andmany
additionalverticesareaddedeitherto densifythepolyline or throughinterpolatinga setof vertex locations.We
havedevelopeda simplealgorithmthatdetectstheintersectionsof thetwo polylinesin strict orderfrom oneend
throughto the other. Hence,eachcomponentof the pair of polylinesmay be evaluatedindependentlyandthe
resultsaccumulated.

4 GIS Polygon Generalisation

A criterion for eliminationof insignificantpolygonsis to selectthosepolygonsof smallarea.In soil mapping,
sizeis notnecessarilyagoodcriterion.For example,thereareoftensignificantclustersof non-adjacentpolygons
that shouldbe preserved in somegeneralisedform. In addition, thereareoften isolatedpolygonsthat should
somehow berepresentedin thefinal output.Hence,therelationshipbetweenpolygonsbeyondsimpleadjacency
(anartifactof thevectormodel)shouldbeconsidered.Theselectandeliminateparadigmfor GIS generalisation
canbeimprovedby consideringalternativeselectioncriteriaanddifferenteliminationoperations.

4.1 Selectionof Polygonsfor Elimination

Two commonprinciplesfor selectionof polygonsfor eliminationareto applya DISSOLVE operatorthatmerges
adjacentpolygonsthathave thesameattributevalue,andto selectthosepolygonswhosearealies below a given
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thresholdfor elimination. We have attemptedto relax thesetwo requirementsby consideringboth theareaand
perimeterof an individual polygon,andby consideringsetsof polygonswith the sameattribute valuethat are
nearlyadjacent.

Thestandardapproachignoresthesignificanceof itemsthathave smallareabut spana largespatialextent,
suchasa rivernetwork andthesoilsassociatedwith rivers.Thesetypesof polygonshavebeenidentifiedasvery
importantfeaturesto preserve in thegeneralisationprocess.We have useda perimetersquaredto arearatio. A
circle makesthemostefficient useof space.For a polygon � , with area���l� & andperimeter�g�K� & , let ���K� & be
theratio

�5�l� & � �g�K� & ��:� ���K� &
�

Thisratiois chosenbecauseit is independentof scaleandthemostefficientratio,thatof thecircle,has�5� circle
& ��

. Note that a squarehas ��� square
& � ;

� , andany rectanglehas ��� rectangle
& 	 ;

� . Figure 6 illustratesthe
distribution of � over the North Island NZLRI polygonsfor four different levels of area. From this we may
concludethatratherthanconsiderareaalone,we mayconsiderbothanareaanda � constraint.

Simplegeneralisationlogic ignoresthenatureof naturalresourcedatasets:clustersof polygonsthatarenot
adjacentoften form a naturalstructuresuchasa riparianstrip. In this case,evaluationof the significanceof
individual polygonsis not sufficient; we needto considernaturalclustersor structuresof nonadjacentpolygons.
Two polygonsarephysically adjacent if they sharea commonboundaryarc. However, we may definetwo
polygonsasvirtually adjacent if they arebothpartof someset(cluster) of polygonsthatshouldbeconsidered
asone for the purposeof elimination. In an operationalsense,virtual adjacency may be definedin termsof
distancebetweenpolygonsor (sincewewantto modellinearstructuresof setsof polygons)thedistancebetween
polygon skeletons. In this respect,dissolvingadjacentpolygonswith the sameattribute value is a cosmetic
operationonly.

4.2 Elimination Operators

Oncea set(or cluster)of polygonshasbeenselectedasinsignificantat thetarget resolution,thepolygonsneed
to beeliminatedfrom thecoverage.Onemethodfor “filling theholes”,thatof theArc/Info ELIMINATE operator,
is to mergea selectedinsignificantpolygonwith the polygonthateitherhasthe largestareaof thosepolygons
adjacentto theselectedpolygon,or hasthe longestcommonboundarywith theselectedpolygon. Neitherarea,
nor commonboundarylength are necessarilygoodcriteria for assigningthe areapreviously occupiedby the
selectedpolygon.

Traditionally, a polygonis eliminatedby merging it with oneadjacentpolygonandremoving the common
boundary. This may alternatively be viewed as the collapseof a polygon onto part of its boundaryand the
reassignmentof its areato theadjacentpolygon.Two apparentlyseparateactivitiesmayinitiateapartialpolygon
collapse. In the context of polyline generalisation,a treestructuremay provide appropriategeneralisationof
a polyline, e.g.,an isthmusadjacentto a coastline.Also a “skinny” part of a polygonthat hassmall areaand
correspondsto a branchof thepolygonskeletondeemedinsignificantto theoverall structureof thepolygonmay
be replacedby a polyline attachedto the reducedpolygon. Thesetwo possibilitiesareessentiallyperspectives
on the sameoperation,demonstratingthat line generalisationand polygon generalisationare not necessarily
independentproblems.Themostgeneraleliminationoperatoris thepartial collapsewherebyoneor moreparts
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Figure7: Partial-CollapseOperator

(a)Polygon(plusskeleton)selectedfor elimination (b) Arearedistributedamongstadjacentpolygons

Figure8: Collapse-and-EliminateOperator(adaptedfrom BaderandWeibel(1997))

of a polygonarereplacedby a linear feature(polyline or tree)connectedto the remainingpartof thepolygon.
Figure7 illustratesoneparticularoperatorof this type.A specialcaseis developedby BaderandWeibel(1997).
Figure8 illustratesapolygonskeletoncollapsingfor theentirepolygonwheretheareaof theeliminatedpolygon
is redistributedamongstall adjacentpolygons,andthenew polygonboundariesareconstructedfrom theskeleton
of theeliminatedpolygon.

5 Conclusions

Althoughthedistinctionof GIS generalisationfrom cartographicgeneralisationis well definedin the literature,
therequiredtools,logic andalgorithmsfor GIS generalisationarelesswell developed.This paperhasdescribed
the developmentof topologicallyconsistentline generalisationwithin a polygonaldatasetanddiscussedalter-
native criteria andoperationsfor eliminationof polygonsor clustersof polygons. The result is encapsulated
in Algorithm 3 ENHANCED SIMPLE GIS GENERALISATION which includesthe ideaof iteratively changingthe
spatialandthematicresolutionin small steps,converging to the desiredresolution. The skeletonof a polygon
hasprovedusefulin definingconstraintson individual polygonsthatpreserve thetopologicalconsistency of the
coverage,chainingnearlyadjacentpolygonsthatrepresentsomenaturalstructure,partially collapsingpolygons
to linear features,andredistributing the associatedarea. Although the skeletonof a polygonis not unique,it
appearsto capturethesignificantstructureof a polygonandlendsitself well to collapsingan arealfeatureto a
linearfeature,i.e. collapsingpartof apolygonontothecorrespondingbranchof thepolygonskeleton.

Promisingfuture researchdirectionsincludefurther developmentof the useof skeletonsandclusteringof
polygons.Therearemany stagesof thegeneralisationprocessat which thebranchesof a polygonskeletonmay
be pruned,either in constrainedline generalisationor for collapsingpolygons. Also, skeleton-basedoperators
may be useful for exaggerationof polygons,merging of polygonsthat arenot adjacent,and for clusteringof
polygons.Whena polygonis eliminated,its areais currentlyredistributedamongstits neighbouringpolygons,
regardlessof theattributevalueof theseneighbours.An alternative is to redistributethepolygonareato themost
similar neighbour, involving somekind of clusteringoperation. Ratherthanassigningthe dominantattribute
value to the cluster, we may recordthe proportionalareacontributedby eachoriginal polygon that hasbeen



Algorithm 3 ENHANCED SIMPLE GIS GENERALISATION

loop over incrementsin resolutiondo
Performtopologicallyconstrainedline generalisation.
Selectcandidateinsignificantpolygonclusters.
Eliminateeachinsignificantpolygonamongstits mostappropriateneighbouringpolygons.

end
end

mergedinto thecluster.
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